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Cardiovascular disease is responsible for more than 14 million deaths worldwide annually, and is estimated that this 
will increase to more than 25 million deaths in the year 2025, in a population of approximately 8 billion people. Most of 
these deaths would occur in India, Asia, Africa and South America, the areas where more than 75% of the world popula-
tion lives. In the developing and underdeveloped countries, physicians caring for people with heart disease, hyperten-
sion, and diabetes face a major challenge. Their initial medical training and ability to keep up-to-date is of national 
importance. Book-reading is now becoming old-fashioned, and few practitioners have time to consult and read much 
of the chapters presented in medical books, even when placed on a computer screen. The same holds for e-books and 
computerized material that currently are loaded with nonpractical issues, particularly redundant anatomy, pathology, 
prevention, and pharmacology details, with scanty and often misleading information on the therapeutic art of adminis-
tering an appropriate drug.
 The practical substance of this text is aimed at all doctors who are the frontrunners in the field:  cardiologists, intern-
ists, general practitioners and family physicians. There will be surprises for all. 
 Correct diagnosis and adequate therapy are necessities for patient management and our aim is to provide succinct 
information on these topics in a format, can be rapidly retrieved. It is the final prescription given to a patient after an 
assessment that amends symptoms and may save lives.
 The ECG is the most commonly requested cardiac diagnostic test. Although there are sophisticated and extensive 
investigations available to the cardiologists, the ECG is the main diagnostic test for the rapid diagnosis of acute myocar-
dial infarction that enables rapid thrombolysis or stent deployment. An extensive chapter titled ECG Interpretation Made 
Easy provides clear information that allows the general physicians to readily interpret ECGs. The standard method used 
successfully since 1944 places the electrodes on the wrist and ankles and many recordings are of poor quality because 
of artifacts (distortion of the baseline). A chapter is devoted to a new electrode placement method for rapidly obtaining 
better-quality recordings.
 Acute myocardial infarction is the leading cause of death, and an extensive chapter is provided with numerous rele-
vant ECGs. A chapter is devoted to chest X-ray interpretation because the heart and lungs are as if they were ‘married’. 
 Hypertension affects more than one billion patients and most are managed by general practitioners and family  
physicians. Therapy, however, is often misguided by American guidelines. Unfortunately, we have only four drugs to 
treat the condition, but with minor changes to the molecular structure, the drug firms dispatch more than 24 drugs. This 
book tells you which drugs are the best choice for hypertensive therapy and major cardiovascular problems. Drugs 
that are not recommended are usually not mentioned or their undesirable features are explained.
 This clinically focused text should find a place in the hands of all doctors who render care to patients with cardiovascu-
lar problems and for diabetics who are at high risk for cardiovascular events. A chapter Diabetes, New Treatment includes 
Reduction of Blood Sitosterol can prevent heart attacks, stroke, and amputations is a notable feature that emerged from  a 
recent clinical study done by the author. Patients with type 2 diabetes mellitus without a history of myocardial infarction 
(MI) have the same risk of a coronary event as patients without diabetes, who do have a history of MI. It appears that the 
physicians who write national guidelines believe that widely used inexpensive diuretics and beta blockers cause diabetes. 
A chapter analyzes this erroneous belief. Guideline providers have demoted the use of diuretics and beta blockers in favor 
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of the newer agents, especially angiotensin receptor blockers (ARBs). The reasons why the overused ARBs are often not  
recommended are given. It was necessary to use written material, and illustrative figures from my books: Cardiac Drug 
Therapy, Heart Disease Diagnosis and Therapy, Rapid ECG Interpretation, and On Call Cardiology.
 Here is a review of cardiac drug therapy (fifth edition) from Clinical Cardiology: This is an excellent book. It succeeds 
in being practical while presenting the major evidence in relation to its recommendations. It is of value to absolutely 
anyone who prescribes for cardiac patients on day-to-day basis. 
 From the trainee to the experienced consultant, all will find it useful. The author stamps his authority very clearly 
throughout the text by very clear assertions of his own recommendations, even when these recommendations are at odds 
with those of official bodies. In such situations, the ‘official’ recommendations are also stated but are clearly not preferred. 
 The late Henry D Marriott, author of Practical Electrocardiography, wrote the Foreword for the second edition of 
the book Heart Disease Diagnosis and Therapy thus: “Whenever I read Khan, I am affected as the rustics were by Oliver 
Goldsmith’s parson: And still they gaz’d, and still the wonder grew that one small head could carry all he knew. Khan’s 
knowledge is truly encyclopedic and, for his fortunate readers, he translates it into easily read prose.

 M Gabriel Khan
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INTRODUCTION
Symptoms and signs of heart diseases and pulmonary  
disturbances overlap and present diagnostic problems. 
These two vital organs are in the chest “married to each 
other”. Thus, the text also gives salient symptoms of  
pulmonary disorders. 

EVALUATION OF CHEST PAIN
Chest pain is one of the most important and common 
symptoms of heart disease and must be assigned a cause 
quickly. The resolution of this symptom is sometimes easy, 
but often it presents considerable difficulty for the physi-
cian. A systematic approach is necessary; taking an accu-
rate and relevant history is crucial to the diagnosis.

 ■ What are the vital signs?
 ■ Is the patient stable or unstable?
 ■ Is the pain in the central, the left, or the right lateral 

chest?
 ■ Is there associated shortness of breath and is it mild, 

moderate, or severe?
 ■ If the patient is unstable, order an electrocardiogram 

(ECG) immediately.
 ■ Give nitroglycerin, 0.3 mg sublingually or sublingual 

puffer, twice as needed (PRN); this only relieves mild 
angina and cannot prevent or limit size of myocardial 
infarction (MI). A dose of 0.4 mg is used only if the 
blood pressure (BP) is higher than 130 mm Hg.

 ■ Give soft chew aspirin 75–81 mg × 3 tablets. This can 
prevent MI or reduce infarct size; reduces risk of death.

COMMON CAUSES OF CHEST PAIN

Cardiac Causes
Cardiac pain can be life-threatening and should be 
assessed rapidly. The following are the three sources of 
cardiac pain (Box 1.1):

1. The myocardium: Acute MI and unstable angina (see 
Chapters 2 and 7)

2. The pericardium: Pericarditis
3. The great vessels: Aortic dissection, pulmonary embo-

lism and pulmonary arterial hypertension.

Pulmonary Causes
 ■ Pleurisy: The pain becomes worse on deep breathing 

and coughing and is unrelated to change in posture. 

Box 1.1: Causes of chest pain.
• Cardiac
 – Myocardial infarction
 – Stable angina
 – Unstable angina
 – Pericarditis
 – Aortic dissection
 – Pulmonary hypertension
• Pulmonary
 – Pulmonary embolism
 – Pleurisy
 – Pneumothorax
 – Pneumonia
 – Mediastinal emphysema
 – Lung tumor
 – Pleurodynia
• Gastrointestinal
 – Reflux esophagitis
 – Esophageal spasm
 – Hiatus hernia
 – Peptic ulcer
• Chest wall pain
 – Costochondritis
 – Muscular pain
 – Rib fracture
• Nerve route pain
 – Cervical disc disease
 – Cervical osteoarthritis
 – Intercostal neuritis
 – Herpes zoster (shingles)
• Psychogenic

Symptoms and  
Signs of Heart Diseases

1
CHAPTER
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There may be associated cough and pyrexia owing to 
underlying chest infection.

 ■ Pulmonary embolism: The pain may be severe, central, 
or pleuritic and is often associated with acute short-
ness of breath; the patient is often apprehensive and 
may be sweaty. Pulmonary embolism should be sus-
pected when chest pain occurs in a setting that predis-
poses to thromboembolism (e.g. after surgery or with 
sudden immobilization for >2 days). Request arterial 
blood gas study and ventilation-perfusion lung scan. 

 ■ Pneumothorax: Chest pain is usually associated with 
acute shortness of breath. Chest pain is often located 
in the lateral chest. Underlying causes include asthma, 
pneumocystis pneumonia, emphysema, tuberculo-
sis, cystic fibrosis, interstitial pulmonary fibrosis, sar-
coidosis, eosinophilic granuloma, blunt or penetrating 
trauma, and positive-pressure ventilation.

 ■ Pneumonia: Shortness of breath, fever and chills are 
associated with pleuritic or nonpleuritic pain and 
cough, with or without sputum production.

Chest Wall Pain
A common cause of chest wall pain is costochondritis. 
Pain is usually mild to moderate; it is usually localized to 
a fingertip area and is often present over the second or 
third costochondral junction. Chest wall pain from other 
causes may last seconds to several hours. Pain is unrelated 
to exertion or activities and may seem to respond to nitro-
glycerin in some patients. Chest wall pain accompanies 
most types of heart disease, particularly ischemic heart 
disease and mitral valve prolapse syndrome.

Pain of Gastrointestinal Origin
 ■ Reflux esophagitis may mimic cardiac pain and may 

radiate from the upper epigastrium to the substernal 
area, the upper chest, the throat and the arms. Pain 
does not radiate to the lower jaw, a feature of angi-
nal pain. Pain lasting minutes to several hours may 
be mild to moderate but can be severe. Pain usually 
is not associated with profuse sweating or shortness 
of breath. The discomfort is worse on lying flat or on 
stooping but may start in the upright position. Pain is 
unrelated to exertional activities.

CHEST PAIN CAUSING A MAJOR  
THREAT TO LIFE

 ■ Acute MI
 ■ Aortic dissection 

 ■ Pulmonary embolism 
 ■ Tension pneumothorax

 A patient in cardiogenic shock is usually sweaty, pale 
and apprehensive; there may be associated clouding of 
consciousness.

PATIENT EXAMINATION 
Does the patient look well (comfortable), sick (uncomfort-
able or distressed), or critical (about to die)?
 If the patient is critically ill or is unstable (i.e. systolic BP 
is <100 mm Hg, pulse rate is <45 beats/min or >140 beats/
min, or with a cardiac arrhythmia, or there is clouding of 
consciousness), send by ambulance to an emergency room 
(ER); put up IV line with dextrose to keep vein open. 
 Bradycardia may be caused by treatment with beta-
blockers, diltiazem, or a combination of these two agents. 
Also, inferior MI commonly causes sinus bradycardia. 
Bradycardia usually requires no treatment, unless it is 
symptomatic 

Selective History
It is necessary to become familiar with the description of 
cardiac pain so that the diagnosis of stable angina, unstable 
angina, or MI can be made clinically within a few  minutes. 
Because urgent administration of thrombolytic therapy 
or percutaneous coronary intervention [PCI] is crucial to 
reducing morbidity and mortality, it is vital to make the 
diagnosis of acute MI within a few minutes of assessment in 
the home, the physician’s office, or in the ER. 
 Salient features of cardiac pain are as follows:

 ■ Pain of acute MI is usually described as crushing, vise-
like, or a tightness or a heaviness 

 ■ The location of pain in acute MI is usually substernal 
across the chest, often accompanied by diaphoresis 
and sometimes shortness of breath.

 Figure 1.1 gives the location and the radiation of car-
diac pain.
 The pain is unlikely to be due to MI if it can be located 
with one fingertip or if it is made worse by deep breathing 
or coughing.
 If the patient is stable and the diagnosis is not yet clari-
fied, obtain relevant information from all sources (i.e. the 
patient, the spouse, a relative, a chart review).

 ■ The pain of MI usually lasts minutes to several hours
 ■ The pain of angina is typically a retrosternal discom-

fort, precipitated by a particular activity, especially 
walking quickly up an incline or against a wind. 

 ■ Pain or discomfort disappears within seconds to  
minutes of stopping the precipitating activity, in  
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keeping with the concept of oxygen supply insufficient 
to meet myocardial demand. The discomfort is usually 
located in the lower, middle, or upper substernal area, 
the arm, or the lower jaw. The discomfort is usually 
described as tightness, squeezing, heaviness, pressure, 
constriction, strangulation, burning, nausea, or an indi-
gestion-like feeling of gradual onset that disappears at 
rest, except with unstable anginal syndromes.

 ■ The area of pain in MI is usually at least the size of a 
clenched fist and often occupies most of the central 
chest area. The patient uses more than two fingers, 
the fist, or the entire palm of the hand to indicate the 
site. Patients with unstable angina have pain that has 
changed in pattern and frequency.

 ■ Pericardial pain is usually sharp or stabbing. It is 
relieved by sitting and leaning forward or standing, is 
made worse on lying down or on deep inspiration and 
does not usually radiate to the neck or arms. 

 ■ Pain of dissecting aneurysm is sudden like a gunshot; 
the pain is excruciating and persists with the same 
intensity for hours; pain may radiate to the back.

 ■ Myocardial ischemia or infarction may cause only 
minimal chest discomfort for a few minutes; pain may 
range from causing minor distress to being severe and 
unbearable.

What Does the ECG Show?
Is the ECG in keeping with acute MI? Acute MI poses a 
threat to life; the diagnosis must be made rapidly. Throm-
bolytic therapy has proved effective in saving life if given 
within 4 hours of the onset of chest pain. It is important, 
however, that triage through the ER be efficient; patients 
presenting with chest pain caused by acute MI should 
receive thrombolytic therapy within 20 minutes of presen-
tation to the ER or ambulance, if no facilities for coronary 
stenting is available.

Selective Physical Examination
 ■ Assess the BP and heart rate
 ■ Assess the cardiovascular system

 ◆ Is the patient orthopneic? Is the patient apprehen-
sive or sweaty? Assess for elevated jugular venous 
pressure (JVP) or abnormal venous waves. With the 
bell of the stethoscope placed gently on the chest 
wall, listen for gallop sounds. Listen with the dia-
phragm of the stethoscope for murmurs and, with 
the patient leaning forward with the breath held in 
deep expiration, for an aortic diastolic murmur and 
pericardial friction rubs (see Chapters 11 and 15).

 ■ Assess the respiratory system
 ◆ Assess for crackles over the lower lung fields that 

may indicate left ventricular failure; unilaterally 
decreased air entry and hyperresonance suggest a 
pneumothorax.

MANAGEMENT
Management of the following problems is given in their 
respective chapters:

 ■ Acute MI (see Chapter 7)
 ■ Unstable angina (see Chapter 2)
 ■ Pericarditis (see Chapter 11)
 ■ Aortic dissection (see Chapter 12)

Pneumothorax
Intervention is necessary for symptomatic primary pneu-
mothoraces or if the pneumothorax is more than 40%. Ten-
sion pneumothorax causes severe respiratory distress and is 
a medical emergency that requires urgent relief of the pres-
sure by using a 16-gauge IV catheter. After rapid radiologic 
confirmation, insert a 16-gauge IV catheter as follows:

 ■ Put on sterile gloves; clean the area of the second inter-
costal space in the midclavicular line on the affected 
side of the chest

Fig. 1.1: Common locations of cardiac pain.
Source: Adapted from Khan M Gabriel. Heart Trouble Encyclopedia. 
Toronto: Stoddart; 1996.
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 ■ Infiltrate the area with lidocaine and insert a 16-gauge 
IV catheter above the rib into the site until air is aspi-
rated. Remove the inner needle and attach the catheter 
to a three-way stopcock and a 60-mL syringe to allow 
repeated aspirations. Aspiration is discontinued when 
no more air can be withdrawn, or when about 2.5 L has 
been removed. Occlude the catheter for about 6 hours 
and if the chest radiograph shows no recurrence, 
remove the catheter.

 The insertion of a chest tube (tube thoracostomy) is 
required in patients with underlying lung disease, with 
respiratory compromise, or for failure of simple aspiration. 
A small, asymptomatic pneumothorax usually resolves 
spontaneously over a few days.

Esophagitis and Reflux Syndrome
The following steps need to be followed:

 ■ Elevate the head of the patient’s bed
 ■ Give Maalox or a similar antacid, 30 mL at 1 hour and  

3 hours after meals plus at bedtime
 ■ Give lansoprazole 30 mg, omeprazole 20 mg, or similar 

agent 30 minutes before breakfast for 1 week and reassess.

Shortness of Breath
Shortness of breath, or dyspnea, is a common problem. 
Dyspnea by definition is difficult breathing. The term 
“dyspnea” is used synonymously with shortness of breath 
or breathlessness and may be expressed by individuals as 
follows: “I can’t get enough air”; “I’m breathless or short 
of breath”; “I feel like I’m being smothered”; or “I’m out of 
breath, running after my breath”. 
 Because shortness of breath on exertion may be a 
normal phenomenon, it is necessary to make a careful 
assessment of the normal or altered lifestyle of the patient 
in relation to the degree of shortness of breath. A change 
from a very active lifestyle, to a few years of sedentary life, 
then resumption of exercise or strenuous work may be the 
cause of shortness of breath. Increasing body weight and 
advancing or intercurrent illness may be important causal 
factors:

 ■ Is the shortness of breath mild, moderate, or severe?
 ■ Did it occur suddenly and become severe within  

minutes?
 This suggests pulmonary embolism, pneumothorax, or 
acute pulmonary edema.

 ■ How long has the patient been short of breath?
 ■ What are the vital signs?

 Heart failure and pulmonary embolism are the most 
likely causes of acute dyspnea.
 The causes of dyspnea are listed in Table 1.1. Patho-
physiology of Dyspnea
 Given here is a brief review of pathophysiology of 
dyspnea:

 ■ An increase in the work of breathing secondary to 
changes in lung compliance or resistance, as occurs 
with interstitial pulmonary edema owing to congestive 
heart failure (CHF) or pulmonary fibrosis. 

 The respiratory center receives indirect stimuli via 
lung stretch (Hering-Breuer reflexes). Stretch receptors in 
the lung parenchyma relay information to the respiratory 
center, resulting directly or indirectly in dyspnea. Stretch 
receptors in respiratory muscles, irritant receptors and 
juxtacapillary (J) receptors are sensitive to congestion, 
vascular engorgement and mechanical stimulation.

 ■ Shunting and other hypoxic stimulation to breathing 
(e.g. caused by acute respiratory distress syndrome, 
pneumonia, pulmonary embolism and right-to-left 
cardiac shunts).

 ■ Airflow obstruction: Chronic obstructive pulmonary 
disease (COPD), asthma, bronchiectasis.

 ■ Mechanical limitation to ventilation: Thoracic and 
neurologic abnormalities.

 ■ Decrease in cardiac output.
 ■ Decrease in hemoglobin (anemias).
 ■ High altitude.

Major Threat to Life 
Given below are major threats to life related to dyspnea:

 ■ Hypoxemia
 ■ Left ventricular failure
 ■ Pulmonary embolism.

 Does the patient look sick (uncomfortable or dis-
tressed) or critical (about to die)?

 ■ Ensure that the upper airway is clear: 
 ◆ Determine the respiratory rate; if more than 20 

breaths/min, consider hypoxemia, or anxiety and 
apprehension caused by pain and distress. Para-
doxical abdominal and diaphragmatic movement 
during respiration indicates diaphragmatic fatigue 
or weakness; the presence of this sign is ominous, 
and some patients may require ventilator assis-
tance. A respiratory rate of less than 12 breaths/min 
indicates a central depression of ventilation caused 



Symptoms and Signs of Heart Diseases 5

by drugs or overdose, narcotics, or cerebrovascular 
accident.

 ■ Assess the heart rate and the BP. Hypotension sug-
gests CHF caused by underlying cardiac disease or 
pulmonary embolism (check for pulsus paradoxus 
and cardiac tamponade; see Chapter 11).

Dyspnea
The most common symptom of cardiac and respiratory 
disorders. It is often a difficult symptom to resolve, unless 
a clear description is obtained.
 It is necessary to exclude the following conditions, 
which are not truly dyspnea:

 ■ Hyperventilation states caused by anxiety: The patient 
refers to “feeling hungry for air”

 ■ Sighing respirations: The patient sighs, “I feel like I 
need to take a deep breath”

 ■ Splinting caused by pleuritic pain or rib or chest wall 
problems

 ■ Laryngismus caused by hypocalcemia, which may 
occur because of hypoparathyroidism (occasionally 
surgically induced).

 When it is determined that the patient is complaining 
of genuine shortness of breath, consider the following:

 ■ Define what level of activity precipitated the short-
ness of breath (e.g. the number of stairs climbed, the 
number of steps taken, the number of blocks walked, 
the extent of the incline, the relation to various types 
of effort or exertion). Shortness of breath is abnormal 

when it occurs at rest or at a level of activity not expe c-
ted to cause this situation.

 ■ Duration: Seconds, minutes, hours? If the sensation 
lasts less than 10 seconds, it is not true dyspnea.

 ■ Is it occurring at rest? If so, determine the duration  
and what makes it better or worse.

 ■ If it occurred suddenly and with the patient at rest, is it 
improving or getting worse? 

 ■ Is it accompanied by cough, wheeze, chest pain, pal-
pitations, or edema? 

 ■ Is it worse on inspiration and accompanied by tracheal 
or laryngeal stridor? This indicates upper respiratory 
tract obstruction, which can be life-threatening. 

 ■ Is it mainly with expiration? The patient has difficulty 
getting air out of the lungs because airflow is obstructed 
(a prolonged expiratory phase); this is usually due to 
an exacerbation of asthma or COPD. 

 ■ Is it worse only when lying down or when the trunk is 
immersed in water? This suggests diaphragmatic paresis 
or paralysis.

Orthopnea
Shortness of breath that occurs within minutes of lying 
down and is relieved within a few minutes (not a few 
seconds) of sitting upright or dangling the legs over the  
bedside. This symptom is not usually accompanied by 
wheezing or flatulence.
 Orthopnea is usually caused by severe left ventricular 
dysfunction, subtle left ventricular failure, or increased 

Table 1.1: Causes of shortness of breath.
Cause Meaning or association

Normal: To be expected because of relative age and 
lack of exercise, overweight

Excessive strenuous effort precipitates symptoms

Elevation of the diaphragm, e.g. pregnancy, ascites Mechanical problem

Heart failure Increased pulmonary venous pressure; interstitial pulmnary edema; frank 
pulmonary alveolar edema

Pericardial effusion Restriction to ventricular filling

Angina equivalent of chest discomfort Left ventricular dysfunction or discomfort appreciated as breathing with dif-
ficulty or suffocation

Pulmonary embolism Apprehension, presyncope, pain

Pulmonary diseases Pneumonia, asthma, pneumothorax, ARDS, pleural effusion, COPD, restric-
tive lung disease, lymphangitis carcinomatosa

Laryngeal stridor Laryngotracheal obstruction

Thoracic defects Neuromuscular or bony mechanical conditions

Decreased hemoglobin or available oxygen Anemia, high altitude

(ARDS: Acute respiratory distress syndrome; COPD: Chronic  obstructive pulmonary disease).
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pulmonary venous pressure (e.g. owing to mitral steno-
sis). In patients with poor left ventricular function, blood 
returning to the heart from the lower limbs when the per-
son is reclining is not ejected efficiently from the left ven-
tricle. This situation results in an increase in left atrial and 
pulmonary venous pressures, causing increases in lung 
water and lung stiffness, which incite reflexes that trigger 
the sensation of shortness of breath. The upright position  
decreases venous return and improves the abnormal  
sensation within minutes. Orthopnea lasts 1–5 minutes 
and does not usually exceed 10 minutes.
 Warning: Shortness of breath of more than 10 minutes’ 
duration while at rest is a life-threatening situation.

Paroxysmal Nocturnal Dyspnea 
Shortness of breath (a suffocating feeling) that occurs after 
the patient has been lying in bed for more than 1 hour. The 
patient usually awakens several hours after retiring, typically 
between 1 am and 3 am, with severe shortness of breath. 

 ■ Relief is obtained only by getting out of bed, sitting in 
a chair, dangling the legs, or standing. In contrast to 
orthopnea, sitting up in bed does not cause relief in 1 
or 2 minutes.

 ■ Shortness of breath usually lasts 10–30 minutes. Parox-
ysmal nocturnal dyspnea is more common in patients 
with poor left ventricular function who have periph-
eral edema. 

 ■ After the patient lies down for the night, it takes 1–3 
hours for edema fluid from the lower limbs to return 
to the heart. An extra volume of sodium and water pre-
cipitates left ventricular failure, this causes an increase 
in left atrial pressure (i.e. severe pulmonary venous 
hypertension that results in pulmonary edema).

 ■ Cough is often associated with the feeling of suffoca-
tion and with the production of frothy, blood-tinged 
sputum.

Cheyne-Stokes Respiration
In this condition, the patient takes deep inspirations, 
the depth of inspiration increases with each consecu-
tive breath for 1–2 minutes, and then there is cessation 
of breathing for 10–30 seconds, after which the patient 
resumes deep breathing.

 ■ Cheyne-Stokes respiration is usually observed in 
patients with cerebrovascular accidents, in patients 
with head injury, and in patients with severe left ven-
tricular failure with coexisting cerebral disease.

Kussmaul Breathing 
 ■ The patient takes deep breaths, with long inspiratory 

and expiratory phases, without wheezing and without 
the use of accessory muscles. 

 ■ The patient has no difficulty getting air into or out of 
the lungs and does not describe the sensation as a feel-
ing of shortness of breath or breathlessness. 

 ■ This pattern of breathing is observed in patients with 
diabetic ketoacidosis, uremia and salicylate overdose. 

 ■ Metabolic acidosis stimulates the respiratory center to 
produce this breathing pattern, which blows carbon 
dioxide out of the lungs and into the atmosphere. The 
loss of carbon dioxide causes a compensatory adjust-
ment in blood pH. The degree of acidosis is usually 
too intense to be corrected completely by ridding the 
lungs of carbon dioxide.

Assessment
 ■ Is the patient in distress, requiring being propped 

upright to ease difficult breathing?
 ■ Is the patient using accessory muscles of respiration?
 ■ Is cyanosis present?

 Do not forget that severe hypoxia may be present with 
no cyanosis apparent on observation. 

 ■ Is the patient wheezing, or is the patient a known  
asthmatic?

 Do not forget, all that wheezes is not asthma; patients 
with pulmonary embolism, pulmonary edema and exac-
erbation of chronic bronchitis may exhibit audible wheez-
ing.

 ■ Repeat vital signs and recheck patency of the airways. 
Sinus tachycardia is commonly caused by hypox-
emia, pain and anxiety. If the systolic BP is less than  
90 mmHg with signs of hypoperfusion, begin meas-
ures for managing cardiogenic shock. 

Jugular Venous Pressure
This should be elevated to more than 3 cm above the ster-
nal angle in patients with CHF.
 Venous pressure may be markedly elevated, and the 
top of the blood column may be masked by the angle of 
the jaw. The earlobes may pulsate in patients with mark-
edly elevated JVP and tricuspid incompetence. Look tan-
gentially across the neck for prominent venous waves. 
 The JVP is elevated in the following conditions:

 ■ Congestive heart failure
 ■ Cardiac tamponade
 ■ Superior vena cava obstruction.



Symptoms and Signs of Heart Diseases 7

 A unilateral elevation of the JVP, which is nonpul-
satile, is observed with superior vena cava obstruction. 
Watch for false elevation of the JVP in patients with 
an exacerbation of COPD. Venous pressure is elevated 
during the phase in which exhalation is difficult and it 
decreases during inspiration.

Listen for the Presence of Murmurs
A loud mitral systolic murmur with radiation to the left 
axilla or the spine may occur in patients with ruptured 
chordae or flail mitral valve leaflet. The murmur of aor-
tic stenosis may be loud, but in the presence of a low 
cardiac output it may diminish in intensity and result 
in a misdiagnosis. The murmur of mitral regurgitation 
may be soft in patients with low cardiac output or a thick 
chest wall or concomitant COPD. Patients with severe 
aortic stenosis may die during an episode of pulmonary 
edema.

 ■ Listen carefully for S3, a gallop that is commonly pre-
sent if CHF is the cause of severe shortness of breath 
(see Chapter 8)

 ■ Is the heart clinically enlarged?
 ◆ Cardiomegaly may be mild and may be absent in 

patients with aortic stenosis or pure mitral stenosis.
 ■ Observe for abnormal pulsations, including visible  

gallops: 
 ◆ Abnormal dyskinetic myocardium may be visible 

just above the apex beat, in the region of the fourth 
interspace, caused by recurrent MI or left ventricu-
lar aneurysm, severe valvular defects, or cardio-
myopathy.

 ■ Observe for bilateral ankle edema: 
 ◆ Assess the extent of edema up to the knee and the 

degree of pitting. If shortness of breath was present 
for several days and the patient was confined to 
bed, check for presacral edema.

 ■ If CHF is present, verify the underlying cause of heart 
disease: Valvular disease, coronary artery disease, con-
genital heart disease, hypertension, cardiomyopathy 
and cor pulmonale.

 ■ Define a precipitating cause: Recent MI or MI and 
mechanical defect, ruptured chordae tendineae, flail 
mitral valve, worsening of valvular defect, increased 
salt intake and medications that precipitate CHF 
(beta-blockers, calcium antagonists and nonsteroidal 
anti-inflammatory drugs).

Pulmonary Assessment
 ■ Is the patient cyanotic?
 ■ Is the trachea in the midline?

 ◆ A shift away from the side of the lesion is observed 
with pneumothorax and pleural effusion; a shift to 
the side of the lesion indicates atelectasis.

 ■ Is there dullness to percussion?
 ◆ Stony dullness is in keeping with pleural effusion. 

If there is mild impairment to percussion, consider 
consolidation.

 ■ Is there unilateral hyper-resonance?
 ◆ Consider pneumothorax.

 ■ Auscultate for breath sounds: 
 ■ Air entry: If air entry is decreased or absent over an 

area of dullness, with decreased bronchophony, con-
sider pleural effusion; air entry absent over a hyper-
resonant area is diagnostic of pneumothorax.

 ◆ Quality of breath sounds: If bronchial breathing is 
present, consider consolidation.

 ◆ Added sounds: Crackles (crepitations) over both 
lower lung fields associated with an increased JVP 
is diagnostic of CHF, but crackles may be maximal 
on one side.

Diagnostic Tests
 ■ A chest X-ray confirms pulmonary edema or interstitial 

edema caused by heart failure (see Chapters 6 and 8):
 ◆ For pulmonary causes, posteroanterior and left lat-

eral X-rays are essential: Assess for pleural effusions, 
diaphragmatic paralysis, emphysema, tumors and 
lymphangitis carcinomatosa. If emphysema or 
restrictive lung disease is suspected, a computed 
tomography scan and gas transfer assessment are 
recommended.

 ■ Troponin testing in the ER helps differentiate cardiac 
from pulmonary causes of severe dyspnea.

 ■ An echocardiogram helps document the degree of val-
vular lesions, left ventricular systolic function, ejection 
fraction and pericardial effusion with tamponade.

 ■ Measures of arterial blood gases assess hypoxemia and 
response to therapy.

Management 
 ■ Dangle the patient’s legs over the bedside and prop the 

patient upright as much as possible.
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 ■ Give furosemide 80 mg intravenously immediately, 
then oral furosemide 40–80 mg daily after breakfast. 

 ■ If needed, give oxygen by nasal prongs or mask 4–8 
L/min until arterial blood gases show the absence of 
hypoxemia and the underlying cause improves or is 
corrected. 

 Causes of shortness of breath are given in Table 1.1.

Edema
Edema is an excessive accumulation of interstitial fluid in 
the subcutaneous tissue.

Assessment
 ■ Does the patient complain that shoes feel tighter or 

that sock tops leave indentations as the day progresses?
 ■ Is the swelling more prominent at the end of the day?
 ■ Is the swelling unilateral or bilateral?
 ■ Is the swelling of recent onset or is it recurrent?
 ■ Is the swelling associated with shortness of breath?

Causes
Many patients are inappropriately treated with diuret-
ics and digitalis for edema that is noncardiac in origin. A 
careful history and physical examination are necessary to 
determine the cause accurately localization is determined 
mainly by gravity (Table 1.2):

 ■ Edema of cardiac origin involves both of the feet and 
ankles

 ■ It may involve the lower limbs, the trunk, the face, and 
the arms and may be associated with ascites and pleu-
ral effusions; this generalized edema is referred to as 
anasarca.

 ■ Unilateral leg edema is typical of venous and lymphatic 
obstruction. Venous edema is soft, pits easily and spares 
the toes; lymphatic edema is firm, pits poorly and involves 
the toes. Patients with neurologic disease are commonly 
allowed to sit out of bed for prolonged periods; edema 
may worsen because the leg muscles are not being used.

 ■ Edema confined to the upper limbs and face occurs 
with superior vena cava obstruction

 ■ Edema of one arm may be due to venous occlusion or 
lymphatic obstruction (e.g. caused by breast cancer)

 ■ Bilateral edema of the lower limbs does not usually 
occur until more than 7 lbs of fluid has accumulated. 
Weight gain of 5–10 lbs over a few days is a more reli-
able sign of intense sodium and water retention than is 
the demonstration of edema.

 ■ Edema in patients with heart failure occurs mainly 
when right-sided heart failure is present for several 
days. Acute left ventricular failure rarely causes signifi-
cant leg edema. However, the most common cause of 
right-sided heart failure is chronic left ventricular fail-
ure. Some degree of inappropriate shortness of breath 
is virtually always present when edema is caused by 
heart failure. Edema becomes more prominent if tri-
cuspid regurgitation ensues.

 The mechanism of edema formation is threefold:
 ■ A decrease in cardiac output causes activation of the 

sympathetic and renin-angiotensin-aldosterone sys-
tems, which results in sodium and water retention, and 
a high venous pressure. The JVP is always elevated in 
patients with heart failure who manifest edema. High 
systemic venous pressure increases the hydrostatic 
pressure at the venous end of capillaries, and sodium 
and water leak out into the subcutaneous tissue. The 

Table 1.2: Edema of lower limbs.

Causes Comments

Congestive heart failure Symmetric, occurs before ascites

Constrictive pericarditis Symmetric, but occurs weeks 
after the occurrence of prominent 
ascites; high JVP

Cirrhosis Ascites first, then leg edema;  
normal or slight increase of JVP

Venous obstruction Commonly unilateral, one leg 
more than the other leg; toes are 
spared

Lymphatic obstruction One side more than the other side; 
toes are involved

Obesity Dependent and stasis edema

Neurologic disorders; 
loss of muscle pump

Edema mainly on the paralyzed 
side

Nephrotic syndrome Edema may involve the face; JVP is 
normal with noncardiac causes

Pregnancy Left leg more than right leg

Psychogenic factors Young women during tension 
states: abnormal water tolerance

Heat edema Caused by aldosterone-mediated 
Na+ and water retention

Drugs Calcium antagonists, estrogens, 
NSAIDs, steroids

(JVP: Jugular venous pressure; NSAIDs: Nonsteroidal anti-in-
flammatory drugs).
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patient is not waterlogged but has an excess of brine 
(salt and water) in these tissues. 

 ■ In patients with nephrotic syndrome or cirrhosis, 
hypoalbuminemia causes a decrease in oncotic pres-
sure and fluid that exudes into the interstitial tissue 
is not able to regain entry into the vascular compart-
ment. Because salt and water leave the vascular com-
partment, the decrease in effective vascular volume 
causes stimulation of the renin-angiotensin-aldos-
terone system. This stimulation results in retention of 
sodium and water by the kidney, and edema worsens.

 ■ Edema of pregnancy is caused by activation of the 
renin-angiotensin system, which results in sodium and 
water retention; this increases blood volume. Approxi-
mately 8 L of water accumulates during normal preg-
nancy. Normally the common iliac artery partially 
compresses the left common iliac vein; this increases 
venous pressure in the left leg. In pregnancy, and 
in most individuals with edema, the left limb shows 
edema before or of greater severity than that observed 
in the right leg.

 ■ Lymphatic obstruction may be caused by inflamma-
tory, parasitic, or neoplastic processes, resulting in 
unilateral or bilateral lower or upper limb edema.

Patient Assessment
 ■ Confirm that edema is unilateral or bilateral.
 ■ Test for pitting: 

 ◆ Using two finger pads held about 1 cm apart, apply 
firm pressure to the lower tibial area. Press firmly for 
about 10 seconds. Edema leaves two pits, 0.5–2 cm 
deep, with a ridge in between. Observe the extent 
of edema—ankles only, to below the knee, or above 
the knee (presacral edema).

 ■ Is there associated swelling of the eyelids?
 ■ Assess the JVP; JVP elevated to more than 3 cm bilater-

ally indicates CHF.
 ■ Edema occurring weeks after the onset of ascites in a 

patient with an elevated JVP suggests constrictive peri-
carditis. If the JVP is not elevated, consider cirrhosis.

 ■ Is generalized edema (i.e. anasarca) present?
 ◆ Anasarca often occurs in patients with nephrotic 

syndrome but can occur with severe chronic CHF.

Management
Management involves treatment of the underlying cause. 
Symptomatic relief is obtained as follows:

 ■ Use a diuretic: Furosemide 40–80 mg daily for a few 
days, then 40 mg daily for maintenance

 ■ If CHF is the cause, treat with furosemide, angiotensin-
converting enzyme (ACE) inhibitor and digoxin

 ■ Treat the underlying cause of CHF
 ■ If edema is chronic, furosemide may not cause com-

plete clearing of edema. The addition of an aldoster-
one antagonist (e.g. amiloride 5 mg, spironolactone 25 
mg, or eplerenone 25–50 mg daily) is advisable if more 
than 40 mg furosemide is needed.

 ■ Furosemide, large doses, stimulates the renin-angio-
tensin-aldosterone system and is best used with 
eplerenone, amiloride, or an ACE inhibitor. 

Bothersome Cough
Cough is a common symptom of patients with cardiopul-
monary disease. Cough is a defense mechanism that helps 
to protect the airways from the effects of irritant substances 
and to clear the airways of unwanted secretions.

 ■ Is the cough productive or nonproductive?
 ■ If productive, is the sputum blood-tinged or mucopu-

rulent?
 ■ Is there associated shortness of breath or wheezing?
 ■ Is the patient’s temperature elevated?

 If cough is associated with hemoptysis and short-
ness of breath, consider left ventricular failure and mitral  
stenosis. A “brassy” cough may indicate a thoracic aortic 
aneurysm:

 ■ Cough can be caused by reflux [gastroesophageal 
reflux (GER)], occurring mainly at nights. But unno-
ticeable reflux can cause sufficient irritation of the 
laryngotracheal area. The irritated nerve fibers in that 
small irritated spot triggers cough, which can be like a 
dog barking. This can occur day or night without a sen-
sation of reflux and may last several weeks to months. 

Salient Features of Cough 
 ■ Acute: 

 ◆ Episodes lasting several minutes suggest an irritating 
phenomenon, mechanical or chemical (e.g. related 
to an allergic response or inhalation of smoke).

 ◆ Episodes lasting several days with associated fever 
and evidence of upper respiratory tract infection 
suggest virus or laryngotracheobronchitis.

 ◆ Association with chills, rigors, weakness, or confu-
sion suggests pneumonia.



Practical Cardiology10

 ■ Chronic: 
 ◆ Coughing related to smoking suggests chronic 

bronchitis.
 ◆ A change in character or pattern suggests carci-

noma of the lung.
 ◆ Weight loss, fever and night sweats suggest tuber-

culosis.
 ◆ Paroxysmal coughing, at night or with exercise, 

with or without wheezing, suggests asthma.
 ◆ Coughing precipitated by exercise or sexual inter-

course may suggest tight mitral stenosis.
 ◆ Paroxysmal brassy cough, often with stridor, sug-

gests tracheal obstruction produced by an aortic 
aneurysm.

 ■ Productive of sputum: 
 ◆ Purulent sputum associated with acute illness and 

fever suggests inflammatory conditions.
 ◆ Purulent and chronic sputum, occurring especially 

in the early morning, suggests bronchiectasis.
 ◆ Foul-smelling sputum suggests bronchoalveolar 

carcinoma.
 ◆ Pink, foamy and voluminous sputum with short-

ness of breath is typical of pulmonary edema.
 ◆ Rusty prune juice sputum with fever and chills is 

diagnostic of pneumonia.
 ■ Nonproductive: 

 ◆ This may result from a hyperactive cough reflex that 
responds to ordinary innocuous stimuli.

 ◆ Several diseases may cause nonproductive cough, 
depending on the phase of the disease, notably 
cancer of the lung.

 ◆ Sarcoidosis may cause cough with dyspnea and 
can be complicated by conduction disturbances, 
including complete heart block.

 ◆ Medications, including ACE inhibitors, amiodar-
one and methotrexate, may be implicated.

 ■ Character: 
 ◆ Barking or croupy owing to laryngeal disease.
 ◆ Paroxysmal with whoops typical of whooping cough.
 ◆ Brassy from major airways.

 ■ Time relationships: 
 ◆ Nighttime, nonproductive, chronic, paroxysmal 

cough with wheeze suggests asthma.
 ◆ Nighttime cough, with orthopnea or paroxysmal 

nocturnal dyspnea, with or without wheeze, is typi-
cal of CHF.

 ◆ Cough occurring with meals and in bed may indi-
cate GER or diverticulum; details on GER causing 
cough was mentioned earlier.

 ◆ Cough on awakening or with change of posture is 
a hallmark of bronchiectasis; on awakening in a 
smoker, cough suggests chronic bronchitis or bron-
chogenic carcinoma.

 ■ Intractable, chronic, but nonproductive cough sug-
gests medications (especially ACE inhibitors and 
amio darone).

 ■ Associations: 
 ◆ Paroxysmal wheezing strongly suggests asthma. 
 ◆ Fever, chills, and rigors suggest pneumonia. 
 ◆ Stridor is a hallmark of involvement of the phar-

ynx, larynx, extrathoracic trachea by foreign body, 
branchial cyst, acute epiglottitis, diphtheritic infec-
tion, or laryngeal edema caused by allergic reaction 
to drugs, such as ACE inhibitors, or other causes of 
angioneurotic edema.

 ◆ Orthopnea suggests heart failure.
 ◆ Weight loss, weakness and night sweats suggest 

tuberculosis or carcinoma.
 ◆ With particular occupations, consider restrictive 

lung disease.
 ◆ Pleuritic chest pain: Pneumonia, pulmonary embo-

lism.
 ◆ Central chest pain suggests pulmonary embolism.

Cardiac Causes 
 ■ Conditions that cause an increase in left atrial pressure: 

Pulmonary venous hypertension that results in inter-
stitial or pulmonary edema, left ventricular failure due 
to all causes, mitral stenosis, and left atrial myxoma.

 ■ Pulmonary embolism.
 ■ Compression of the tracheobronchial tree, as with aor-

tic aneurysm.
 ■ Compression of the recurrent laryngeal nerve caused 

by an aortic aneurysm, a greatly enlarged left atrium, 
or pulmonary artery, which can cause cough and 
hoarseness. 

 ■ Congenital cyanotic heart disease, in particular Eisen-
menger’s syndrome.

Hemoptysis 
Determine if the sputum is: 

 ■ Blood-streaked: This can originate in the upper res-
piratory tract or bronchi and, although common in 
patients with COPD, may be the only clue to broncho-
genic carcinoma in a smoker.
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 ■ Pink, frothy, voluminous and associated with acute 
shortness of breath: These are hallmarks of pulmonary 
edema.

 ■ Rusty, “prune juice” with fever and chills: These are 
typi cal of pneumonia.

 ■ Rank blood, bright red or dark, suggests the following 
in the differential diagnosis: Bronchogenic carcinoma, 
pulmonary embolism, aortic aneurysm, arteriovenous 
fistula, mitral stenosis, Goodpasture’s syndrome, 
blood dyscrasias and hereditary telangiectasia.

 Determine whether the episodes of hemoptysis are 
associated with the following: 

 ■ Early-morning cough or cough with change in posture: 
This suggests bronchiectasis, chronic bronchitis and 
bronchogenic carcinoma.

 ■ Dyspnea at rest, during effort, or during pregnancy: In 
this situation, small amounts of rusty sputum or small 
amounts of bright red blood suggest mitral stenosis. 
Sudden increase in left atrial pressure during effort or 
pregnancy may cause rupture of small bronchopulmo-
nary anastomosing veins. Severe dyspnea and blood-
tinged sputum are typical of pulmonary edema caused 
by mitral stenosis or left ventricular failure.

 ■ Weight loss and night sweats: These suggest tubercu losis.
 ■ Pleuritic pain: This suggests pulmonary embolism. 
 ■ Congenital heart disease and cyanosis: These suggest 

Eisenmenger’s syndrome.

Physical Examination 
 ■ Assess vital signs.
 ■ Examine for the presence of left ventricular failure: 

Crackles over the lower lung fields, gallop rhythm and 
increased JVP; valvular lesions, in particular mitral 
 stenosis (see Chapter 15). Assess for consolidation 
caused by pneumonia.

Testing 
Chest X-ray: 

 ■ Review posteroanterior and left lateral films; assess for 
lung lesions and subtle signs of left ventricular failure 
(see Chapters 6 and 8).

Management
Treat the underlying problem: 

 ■ Cardiac

 ■ Pulmonary

 ■ Drugs-causing cough: Consider discontinuing drugs 

that cause cough, in particular ACE inhibitors, rarely 

angiotensin receptor blockers [ARBs] and amiodarone.

 Cough suppressants: Cough suppressants are not  

recom mended without considerable thought. Treatment 

of the underlying condition is recommended; if cough  

persists and is bothersome and is preventing sleep, give 

a trial of dextromethorphan 15 mg at bedtime: but this is  

not advisable if the cough is productive of sputum.

 Cough expectorants: Cough expectorants are not rec-

ommended because they are ineffective. It is virtually 

impossible to liquefy thick, tenacious sputum. Ensure that 

the patient is well hydrated and improve the humidity of 

the inspired air.

SUGGESTED READING
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INTRODUCTION
Temporary lack of blood and oxygen to a segment of the 
heart muscle, ischemia causes pain or discomfort in the 
chest, angina pectoris. Within minutes of stopping, the 
precipitating activity pain subsides.
 Angina is caused by obstructive coronary artery dis-
ease (CAD) that causes decreased blood flow, lack of oxy-
gen and ischemia to the heart muscle. Thus, the condition 
is also called ischemic heart disease (IHD). Atheroma 
is the culprit that causes obstruction of blood flow and 
deprives the heart muscle of blood. More attention must 
be paid to the prevention of atheroma, the real disease that 
is responsible for fatal and nonfatal heart attacks. The word 
atheroma is derived from the Greek term athera meaning 
porridge or gruel. The ancient physicians opened arteries 
and on cutting into obstructive plaques, observed a gelati-
nous porridge-like material. This porridge-like material 
contains cholesterol and fatty constituents and is highly 
thrombogenic causing clotting of circulating blood.

 ■ Obstructive atheromatous CAD leads to stable or 
unstable angina, fatal or nonfatal myocardial infarc-
tion (MI), sudden death, heart failure, arrhythmias, 
atrial fibrillation; and in the cerebral arteries cause 
stroke.

 ■ Angina affects men aged 40–55 years more commonly 
than women

 ■ Women may present with angina between 60 years 
and 80 years of age.

Developing countries constitute more than 80% of the 
world’s population and in these regions, particularly in 
India and other Asian countries, the incidence of CAD is 
on the rise.

PATHOPHYSIOLOGY
Elevated low-density lipoprotein cholesterol (LDL-C), 
genetic and undetermined factors cause damage to sus-
ceptible arteries, leading to blockage by atheroma. 

 ■ When angina is present in an individual, it is certain 
that at least one coronary artery will show a greater 
than 70% obstruction or stenosis. 

 ■ The obstructive plaque of atheroma is often focal and 
usually occurs in the proximal portion of the coronary 
artery and not too distant from the origin of the aorta. 

 ■ Because the lesions are focal and proximal, they are 
easily reached, which dictates the success of angio-
plasty, stenting and coronary artery bypass graft 
(CABG). 

 ■ In some individuals and in many diabetics, lesions are 
multifocal and longer, with irregularities that produce 
a diffuse disease that is more difficult to treat with 
angioplasty, stents, or CABG. 

 ■ During periods of exertion or intense anxiety, catecho-
lamine release causes an increase in the heart rate and 
an increase in the velocity and force of myocardial 
contraction, producing an elevation in blood pressure 
and an increase in myocardial oxygen demand. In the 
presence of significant coronary artery stenosis, an 
oxygen deficit occurs. 

 ■ Myocardial ischemia increases catecholamine release, 
resulting in an additional increase in heart rate and 
blood pressure with further reduction in oxygen sup-
ply and a vicious circle ensues. 

Clues to Diagnosis
 ■ Precipitating activities: Establishing the activities that 

precipitate the pain and carefully verifying that the 
pain is relieved rapidly by halting the precipitating 
activity are most important diagnostic clues.

 ■ Location: Pain is usually felt in the center of the chest 
over the breastbone and only rarely over the breasts 
(Fig. 2.1).

 ■ Pain in the lower jaw, accompanied by pain in the 
chest or arms during a walk or strenuous activity, is 
nearly always due to angina, especially if these symp-
toms recur during similar activities. Sometimes the 
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discomfort is only in the upper arm with a tingling feel-
ing in the fingers; this pain comes mainly on exertion.

Severity
 ■ The pain of angina may be mild to moderate and only 

occasionally severe.
 ■ Often it is just discomfort or feels like a tightness or a 

heavy weight on the breastbone.
 ■ It may be a burning sensation, or feeling of strangula-

tion or suffocation that disappears within 1–5 minutes 
of rest; pain rarely lasts more than 10 minutes.

Precipitating Activities
 ■ Walking up a hill. 
 ■ Walking against the wind. 
 ■ Running with some associated anxiety for a bus or to a 

place, especially while carrying a bag; anxiety is made 
more profound if the individual is late and must rush, 
and as a result, there is exertion and emotional stress.

 ■ A brisk walk or similar exertion soon after eating; this 
does not include bending and stooping, which can 
precipitate indigestion. 

 ■ Unaccustomed exertion.
 ■ Emotional distress, e.g. bad news, a scare, anger, rage 

and nightmares. 

 ■ Pain may occur during overwhelming excitement.
 ■ Most important, in an individual with stable angina 

relief from pain always occurs within minutes of cessa-
tion of the precipitating exertional or emotional activ-
ity. Relief with nitroglycerin usually occurs promptly, 
within 1–2 minutes.

STABLE ANGINA
 ■ Angina is stable if the condition has been present for 

more than 2 months, or
 ■ If there has been no change in the pattern of pain, 

particularly no change in the frequency of attacks, 
severity, or duration of pain.

 ■ Patients with stable angina only get pain at rest with 
sudden emotional stress.

DIAGNOSTIC TESTING

Electrocardiography
 ■ The resting electrocardiography (ECG) may be normal 

in patients with angina, but during pain an ECG virtu-
ally always shows abnormalities if ischemia is present. 

 ■ The ECG is a test which is most frequently used to diag-
nose unstable angina and can confirm the early diag-
nosis of an acute MI. 

 ■ In the presence of acute MI, the ECG shows positive 
abnormalities a few hours before damage to the heart 
muscle is revealed by the tests for cardiac enzymes 
[troponins and Creatine Kinase Mb (CK-MB)]. 

 ■ In individuals with suspected coronary heart disease 
(CHD), particularly angina, a baseline ECG that is nor-
mal or shows mild abnormalities can be used for com-
parison with future ECGs. 

 ■ During myocardial ischemia, a diagnostic ECG finding 
is greater than 0.05 mm horizontal or downsloping 
ST segment depression (Figs. 2.2A and B); upsloping 
depression is not diagnostic for ischemia.

Exercise Stress Test
A treadmill exercise test using the Bruce protocol is used 
worldwide to detect myocardial ischemia that is pre-
cipitated by exercise. The ECG tracing during exercise-
induced ischemia shows typical features that can be easily 
recognized. Although the test is of little value in screening 
asymptomatic patients who are at low risk for CAD, it is 
most useful for asymptomatic intermediate-risk patients 
and for those who are symptomatic. False-positive tests 
are not uncommon in women.

Fig. 2.1: Common locations of cardiac pain.
Source: Adapted from Khan M Gabriel. Heart Trouble Encyclopedia. 
Toronto: Stoddart; 1996.
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Stress Echocardiography
It is useful in selected patients but false normal results 
occur despite improved diagnostic guidelines. The test is 
highly operator-dependent upon acquiring good images 
at peak stress. The test has about an 80% sensitivity and 
specificity for detecting inducible ischemia and is over-
used.

Cardiac Nuclear Scans
Cardiac nuclear scans are performed following treadmill 
exercise or during myocardial-induced ischemia provoked 
by dipyridamole, or dobutamine are useful in a few. Stress 
myocardial perfusion imaging (MPI) is a widely utilized 
initial technique for assessing the presence of CAD and 
risk in symptomatic individuals, or as a cardiac test prior 
to major surgery in patients at risk, but drawbacks are well 
known, particularly in asymptomatic intermediate-risk 
individuals. 

Coronary Computed  
Tomography Angiography
Coronary computed tomography angiography (CCTA) is 
most useful in patients in whom stable or unstable angina 

are diagnostic considerations. Also in patients discharged 
from emergency room (ER) with chest pain of unde-
termined etiology, or when presence of CAD remains a 
probable cause. This test saves anxiety, time, costs and  
cardiology referral. CCTA gives information on lumen 
area, area stenosis, lesion length and plaque burden 
assessment. The test is less accurate when severe coronary  
calcification is present, but newer technologies are 
expected to eliminate this major disadvantage. But ath-
eroma covered by severe calcification has less tendency to 
rupture or erode, thus some cardioprotection emerges.

MANAGEMENT

Smoking
 ■ Nonsmoking men are ten times less likely to have 

a fatal or nonfatal heart attack than heavy smokers. 
 ■ Sudden death by heart attack is more common in 

heavy smokers than in nonsmokers. 
 ■ Some drugs that are effective in preventing angina, 

and fatal and nonfatal MI, lose their effectiveness in 
smokers because the by-products of cigarettes inter-
fere with the breakdown of the drugs in the liver. These 
drugs include the beta-blocker propranolol and cal-
cium antagonists such as nifedipine and amlodipine.

A B
Figs. 2.2A and B: Non-ST elevation myocardial infarction NSTEMI (non-Q wave infarction; acute subendocardial infarction). (A) From 
a patient with a clinical picture of infarction and elevated enzymes. Note widespread downsloping ST-T depression in the limb and chest 
leads, but no associated Q waves; (B) the same patient’s ECG tracing 18 hours earlier shows 1 mm or more ST segment depression 
V4-V6: note the slight downsloping and horizontal line depression diagnostic of ischemia.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
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 ■ Coronary bypass grafts become blocked within a few 
years of bypass surgery in patients who continue to 
smoke. 

 ■ Women between the ages of 35 years and 50 years who 
have functioning ovaries rarely suffer from angina 
or have heart attacks. Women who smoke and have 
an elevated blood cholesterol level, unfortunately, 
increase their risk of having a heart attack and angina 
prior to age 50 years. 

 ■ Filter cigarettes and low-nicotine or low-tar brands of 
cigarettes do not decrease the risk of heart attacks.

 ■ Filter cigarettes deliver more carbon monoxide to 
the smoker’s system and appear to cause more heart 
attacks than plain cigarettes.

 ■ The oxygen supply to the heart muscle is low in patients 
with angina. 

 ■ Angina patients who are smokers experience pain at 
lower levels of exercise. 

 ■ Nicotine causes a slight increase in the heart rate and 
a rise in blood pressure; therefore, the heart muscle 
demands more oxygen. 

 ■ Carbon monoxide delivered from cigarettes steals 
oxygen away from the heart muscle, which is already 
deprived of oxygen. 

Exposure to exhaust fumes during driving in heavy volume 
traffic in cities may contribute to an increase in unstable 
angina and acute MI, particularly in individuals at risk.

LIFESTYLE CHANGE HELPS
A 2016 study (Khera et al. 2016) indicate: “Across four 
studies involving 55,685 participants, genetic and lifestyle  
factors were independently associated with susceptibility 
to CAD. Among participants at high genetic risk, a favora-
ble lifestyle was associated with a nearly 50% lower relative 
risk of coronary artery disease than was an unfavorable 
lifestyle”.

Drug Treatment 
 ■ Optimal drug treatment in patients with stable angina 

and lifestyle change are essential because symptoms 
and prolongation of life are not significantly different 
from that obtained from percutaneous coronary inter-
vention (PCI) or coronary bypass surgery except in 
patients at high risk, particularly diabetics.

  During an extended follow-up of up to 15 years, 
Sedilis for the courage investigators (2015) did not 

find a difference in survival between an initial strat-
egy of PCI plus medical therapy and medical therapy 
alone in patients with stable IHD.

 ■ The trial of patients with stable angina compared an 
initial strategy of PCI plus optimal medical therapy 
with optimal medical therapy alone. A follow-up of 
4.6 years showed conclusively that patients in the two 
groups had similar rates of death or MI (Boden et al. 
2007).

 ■ They studied 2,287 patients who had objective evidence 
of myocardial ischemia: 1,149 patients to undergo PCI 
with optimal medical therapy (PCI group) and 1,138 
to receive optimal medical-therapy alone (medical-
therapy group). The primary outcome was death from 
any cause and nonfatal MI during a median follow-up 
of 4.6 years. There were 211 primary events in the PCI 
group and 202 events in the medical-therapy group. 
The 4.6-year cumulative primary-event rates were 19% 
in the PCI group and 18.5% in the medical-therapy 
group.

 ■ Percutaneous coronary intervention did not reduce 
the risk of death, MI, or other major cardiovascular 
events when added to optimal medical therapy (Boden 
et al. 2007). 

 ■ Rapidity of improvement in health status occurred 
in both groups; the majority of patients who received 
optimal medical therapy alone had improved symp-
toms within 3 months. Optimal medical therapy con-
sisted of antiplatelet therapy, anti-ischemic therapy, 
and aggressive lipid and blood pressure control.

 Optimal medical therapy is a proven option for chronic 
stable angina (O’Rourke 2008; Sedlis et al. 2015). But use 
the correct beta-blocker; timolol 5–7.5 mg (maximum 
10 mg) twice daily, carvedilol 12.5–25 mg twice daily (Pro-
pranolol only in nonsmokers 80–120 mg twice daily or 
long-acting once daily), bisoprolol 5–10 mg if cardioselec-
tive agent needed because of chronic obstructive pulmo-
nary disease (COPD), do not use atenolol (see Chapter 19). 
Controversies: There are now controversies regarding 
the management of patients with moderate-to-severe 
ischemia and symptoms that can be controlled medi-
cally. The ongoing ISCHEMIA trial (International Study 
of Comparative Health Effectiveness With Medical and 
Invasive Approaches) is being performed to determine the 
optimal approach to managing patients with stable IHD, 
moderate-to-severe ischemia and symptoms that can be 
controlled medically (ISCHEMIA; Stone et al. 2016).
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Drug Management 

Aspirin
Aspirin is added to prevent coronary thrombosis, which 
causes heart attacks, aspirin soft chew, noncoated 80–81 
mg daily after a meal is strongly recommended.

 ■ Enteric coated aspirin is not effective in more than 33% 
of patients because of poor absorption but if gastric 
upset with soft chew then keep soft aspirin for emer-
gency use and take enteric coated 81 mg daily.

 ■ Chewable, soft aspirin 160–240 mg to be taken if chest 
pain persists despite adequate use of nitrolingual spray 
or tablet 0.3 mg maximum 0.4 mg. 

 Kapoor (2008) emphasized in a brief letter that it is 
important to take note of recent reports of incomplete  
suppression of platelet aggregation with enteric-coated 
aspirin as shown by Cox et al. (2006) and Maree et al. 
(2005). In a randomized, open-label, crossover study of 
healthy volunteers, incomplete thromboxane (TX) B2 
inhibition was found to occur in 8% of the aspirin group 
and 54.3% of the enteric-coated aspirin group (p = 0.0004) 
(Cox et al. 2006).
 In another study of 131 stable cardiovascular patients 
treated with enteric-coated aspirin (75 mg/day), 44% of 
patients failed to attain optimal inhibition of serum TX, 
indicating suboptimal inhibition of platelet cyclo-oxy-
genase-1 (COX-1) activity, and those with an incomplete 
aspirin response were more likely to demonstrate plate-
let aggregation to arachidonic acid (21% vs 3%; p = 0.004) 
(Maree et al. 2005).
 In patients who are allergic or intolerant to the use of 
aspirin, clopidogrel bisulfate is recommended.

Statins
Statins are necessary to achieve an LDL-C goal of less than 
1.8 mmol/L (70 mg/dL).

 ■ High-risk patients at 1.4–1.8 mmol/L (includes  
diabetics.

 ■ Medium risk (CHD, family history) at 1.8– 2.42 mmol/L.

Beta-blocker
It is advisable to administer a lipophilic beta-blocker that 
has been proven cardioprotective in randomized clinical 
trials (RCTs) of post MI patients and given in doses used 
in RCTs or timolol (propranolol only in nonsmokers) 
bisoprolol or metoprolol succinate (not tartrate).

 ■ The widely used atenolol, a hydrophilic beta-blocker 
with low efficacy should become obsolete (Khan 2011); 
use in clinical trials should be curtailed (Khan 2003).

 ■ Sotalol, nadolol, pindolol and acebutolol are not advis-
able. 

 ■ Although beta-blockers have been used for more than 
45 years to manage angina symptoms they have not 
been adequately tested in large RCTs to ascertain if 
they reduce total deaths. Nevertheless, patients with 
symptomatic angina do have significant obstructive 
CAD and the pathophysiology approaches that of the 
post MI patient, but death is not expected to be within 
2–5 years. Thus, an RCT must be prolonged beyond 
10 years to assess mortality changes; this may never 
be done. The newer drugs that have very low efficacy 
(ranolazine, nicorandil, trimetazidine and ivabradine) 
have been tested. They are borderline effective, have 
not reduced total mortality and are not advisable if 
symptoms persist on beta-blocker plus nitrate, it is 
advisable to assess for PCI.

 ■ If the combination of aspirin, beta-blocker, oral nitrate 
and statin to achieve LDL less than 1.8 mmol/L fails to 
quell symptoms, coronary angiograms are needed and 
thus little reason to try low-order drugs except in selec-
tive individuals who are unable to have an angiogram. 

 ■ It is now important for the physician to select an 
appropriate beta-blocker with the understanding that 
all beta-blockers are not alike (Khan 2005).

 ■ Beta-blockers are the most beneficial drugs used in the 
treatment of angina. Beta-blockers block beta-recep-
tors. Structurally, they resemble the catecholamines. 
Beta-blockers are competitive inhibitors; their action 
depends on the ratio of beta-blocker concentration to 
catecholamine concentration at beta-adrenoceptor 
sites.

 ■ Blockade of cardiac beta-1 receptors causes a decrease 
in heart rate, myocardial contractility and velocity of 
cardiac contraction. The heart rate multiplied by the 
systolic blood pressure [(i.e. the rate pressure prod-
uct (RPP)] is reduced at rest and during exercise, and 
this action is reflected in a reduced myocardial oxygen 
demand (which is an important effect in the control of 
angina).

 ■ Beta-blockers lower plasma endothelin-1 levels, as 
shown for carvedilol (Krum et al. 1996), inhibit cat-
echolamine-induced cardiac necrosis (apoptosis) 
(Cruickshank et al. 1987), stimulate the endothelial 
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arginine/nitric oxide pathway, as shown for the inter-
esting vasodilatory beta-blocker, nebivolol (Cockcroft 
et al. 1995).

 ■ They cause a decrease in heart rate, increases the dias-
tolic interval and allows for improved diastolic filling 
of the coronary arteries. This effect is especially impor-
tant during exercise in patients with angina. 

 ■ The rate pressure product is decreased, so there is 
less myocardial demand for oxygen, resulting in an 
improvement of ischemia. 

 ■ A decrease in sudden cardiac death (SCD) has been 
documented in several studies. Timolol decreased the 
overall mortality rate by 36% (p < 0.001) and reduced 
sudden death remarkably by 71% (Timolol-induced 
Norwegian Reinfarction Study 1981).

 ■ These are old drugs mostly discarded because our 
Professors and experts possess poor logic. Postinfarct 
patients are at high risk; note that sudden deaths 
occurred in these RCTs and no other drug causes  
significant reduction in sudden deaths.

 ■ This beneficial effect of beta-blockers in postinfarc-
tion patients was reconfirmed in the Beta-Blocker 
Heart Attack Trial (BHAT 1982). This well-run trial ran-
domized 16,400 post-MI patients to propranolol or 
placebo and after a 2-year follow-up showed a 26% 
reduc tion in the mortality rate with propranolol 
(BHAT 1982).

 ■ A decrease in fatal arrhythmias and an increase in ven-
tricular fibrillation (VF) threshold, as well as ameliora-
tion of bothersome benign ventricular and supraven-
tricular arrhythmias, have been established by several 
clinical studies. 

 ■ A decrease in the velocity and force of myocardial con-
traction results in a decrease in the myocardial oxygen 
requirement.

 ■ A decrease in ejection velocity reduces hydraulic stress 
on the arterial wall that could be crucial at the site of 
atheroma. This mechanism of action may reduce the 
incidence of plaque rupture and may thus protect 
patients from coronary thrombosis and fatal or nonfa-
tal infarction. 

 ■ Bisoprolol or metoprolol are used in patents with 
COPD. Bisoprolol and other beta-blockers have been 
shown to quell early morning catecholamine surge and 
control early morning and exercise-induced excessive 
rise in blood pressure better compared with atenolol 
(Neutel et al. 1993; Kokkinos et al. 2006). 

 ■ These agents may prevent early morning platelet aggre-
gation induced by catecholamines.

 ■ Beta-blockers have been shown to decrease the early 
morning peak incidence of acute MI and sudden death 
between 5 am and 11 am. 

 Peters et al. (1989) from the BHAT (1982) Study Data 
indicated that “from 5 am to 8 am, there were six deaths in 
the placebo group compared with none in the proprano-
lol group. Of 56 deaths in the placebo patients, 25 (38%) 
occurred in a 6-hours period (5–11 am), compared with 
11 of 45 (24%)—a 56% decrease in sudden cardiac death 
in the propranolol treated patients”. Excluding this period, 
there were nearly equal numbers of SCD in the proprano-
lol and placebo groups. 
 The aforementioned points logically indicate that tim-
olol and propranolol are first-choice therapy for patients 
with angina or other manifestations of CAD. Oral nitrates 
and calcium antagonists are second- and third-line agents. 

 ■ Beta-blockers with beta-1 and beta-2 activity are more 
cardioprotective than selective agents.

Carvedilol: Supplied: 6.25, 12.5, and 25 mg; Dosage: 
Angina—12.5 mg twice daily; titrate over days to weeks to 
25 mg twice daily. The ratio of alpha-1 to beta-blockade 
for carvedilol is 1:10; but this component is a disadvan-
tage, the drug failed to improve mortality in the Carvedilol 
Post-Infarct Survival Control in Left Ventricular Dysfunc-
tion (CAPRICORN) Study (2001) of post-MI patients. There 
were no reductions in sudden death. The alpha blocking 
action causes a fall in blood pressure at crucial moments 
and is not advisable (Table 2.1).

Timolol: 5–10 mg twice daily is really used in the Western 
world; an error in logic.

Propranolol only in nonsmokers: 80 mg twice daily or long-
acting 180–240 mg once daily. 

Bisoprolol: 5–10 mg daily. This agent in humans has a half-
life of 12–14 hours and thus has a long duration of action 
beyond 24 hours. Bisoprolol is 50% lipophilic, metabolized 
by the liver, and 50% hydrophilic, excreted by the kidney. 

 ■ The concentration of unchanged bisoprolol in rat 
brain is lower than that of metoprolol or propranolol 
but higher than that of atenolol.

 ■ Atenolol has failed in several RCTs because of low 
brain concentration and thus effectiveness. The 
author strongly advises clinicians to stop prescri
bing this poorly effective betablocker. It is a much 
prescribed betablocker worldwide (see Chapter 19).
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Oral Nitrates
Nitroglycerin dilates large veins in the lower half of the 
body. Blood stays longer in these veins and less blood 
reaches the heart. Thus, the heart has less blood to pump; 
the muscle works less requiring less oxygen, as a result, 
pain is relieved. Oral tablets must be given once daily for 
once-daily formulations, or at 7 am and not later than 2 pm 
for twice daily preparations.

Caution: Allow a 12 hours nitrate-free interval so as to 
avoid nitrate tolerance which renders the nitrate ineffec-
tive.

Sublingual nitroglycerin tablets: 0.15 mg, 0.3 mg and  
0.4 mg.

Sublingual glyceryl trinitrate tablets: 300 mg, 500 mg and 
600 mg.

Caution: Use the smallest dose in patients with systolic BP 
less than 115 mm Hg so as to avoid hypotension, presyn-
cope and falls; also available as a nitrolingual spray. Skin 
formulations are less active if used for more than 12 hours 
daily because of nitrate tolerance. When the drugs are 
stopped suddenly, angina can become worse.

Isosorbide Dinitrate 
Supplied: Sublingual tablets to be dissolved under the 
tongue (5 mg). Tablets for oral use: 10 mg, 20 mg and 
30 mg; prolonged-action tablets: 40 mg.
 The 10-mg tablet is swallowed twice daily on an empty 
stomach, e.g. 1 hour before breakfast and lunch. Do not 
take later than 3 pm because nitrate tolerance develops 
and the drug is rendered useless. If headaches are not too 
severe, the drug can be increased to 30 mg twice daily. The 
prolonged-action 40-mg preparation is taken once daily. 
 The twice or three times daily formulation is more effec-
tive taken at 7 am and 2 pm daily. The more than 12-hour 
gap without nitrates prevents the body from developing 
tolerance, which destroys the drug’s effectiveness.

Isosorbide Mononitrate
Dosage: 20 mg after meals at 7 am and 2 pm daily. Main-
tenance: 20–40 mg twice daily taken 60–120 mg once daily 
at 7 am. Use of high doses of oral nitrates is limited by fre-
quent bothersome headache.

Calcium Antagonists
They have a small role; amlodipine, maximum 5 mg, is 
used only if beta-blockers are contraindicated; long-act-
ing diltiazem or verapamil may be tried if there is no left 
ventricular (LV) dysfunction ejection fraction (EF) more 
than 45%.

Caution: Do not use short-acting tablets and do not com-
bine with beta-blocker because severe bradycardia may 
ensue. 

Table 2.1: Total deaths and sudden deaths in beta-blocker 
randomized control trials of postmyocardial infarction 
and heart failure patients.

Control Drug % Decrease

Total sudden death*

Propranolol 78 60 64

5 am–11 am 31 11 64

Total deaths 188/1460 138/1456 26

Timolol**

Total sudden death^ 95 47 50

Instant, within seconds 38 11 71

Total deaths 117/718 67/670 42

Metoprolol#

Total sudden death 21 9 57

Total deaths 31/147 25/154 19##

MERIT-HF^

Total sudden death 132 79 40.2

Total deaths 217/2001 145/1990 33.2

Bisoprolol [CIBIS]***

Total sudden death 83 48 42.2

Total deaths 228/1320 156/1327 31.6

*BHAT study, AM sudden death (Peters et al. 1989) follow-up 25
months, 120–240 mg daily.
**Timolol Norwegian MI study; mean duration 17 months.
Follow-up: 10 mg twice daily.
#Metoprolol: A very small study of only ~150 patients in each
group followed for 3 years.
##“This reduction in cardiac mortality did not reach statistical
significance, as was to be expected from our sample size” (Olsson
et al. 1985).
^In (MERIT-HF) There were fewer sudden deaths in the meto-
prolol CR/XL group than in the placebo group (79 vs 132, 0.59 
[0.45–0.78]; p = 0.0002) and deaths from worsening heart failure 
(30 vs 58, 0.51 [0.33–0.79]; p = 0.0023).
***Bisoprolol in CIBIS; significant decrease in deaths and sudden 
deaths.
 Carvedilol did not prevent sudden death in two large RCTs; 
total mortality in RCT was not significantly reduced in post MI  
patients.
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Addition to beta-blocker: Amlodipine or Nifedipine may 
be added with caution in patients with LV dysfunction 
(PRAISE 1996); diltiazem may cause significant bradycar-
dia and verapamil is not recommended; diltiazem caused 
heart failure in patients with probable LV dysfunction as 
shown in a Sound Study (1989).
 If beta-blockers are contraindicated and left ventricu-
lar function is normal with EF more than 45%, verapamil 
may be tried as it is more effective than other calcium 
antagonists.

Ranolazine
Ranolazine reduces ischemia by inhibition of the late 
phase of the inward sodium current during cardiac repo-
larization, with a consequent reduction in intracellular 
sodium and calcium overload. The 1,500-mg twice-daily 
dosage caused dizziness, nausea, ischemia, constipation, 
and rarely, syncope. I do not recommend the drug. In 
a short-term small RCT, 565 stable patients with CAD and 
three anginal attacks per week despite maximum recom-
mended dosage of amlodipine (10 mg/day) were rando-
mized to 1,000 mg ranolazine (281 patients) or placebo 
(284 patients) twice a day for 6 weeks. Primary end point 
was the frequency of angina episodes per week during the 
double-blind treatment phase.
 Baseline characteristics were similar between the 
treatment groups. Ranolazine significantly reduced the 
frequency of angina episodes and nitroglycerin consump-
tion and was well tolerated [Stone et al. (2006) for Efficacy 
of Ranolazine in Chronic Angina (ERICA) Investigators 
2006]. This trial compared ranolazine with a third-line 
agent amlodipine rather than first-line therapy, a beta-
blocker or nitrate properly administered; the trial is flawed.

 ■ The Metabolic Efficiency with Ranolazine for Less 
Ischemia in Non-ST-Elevation Acute Coronary Syn-
drome (MERLIN)-thrombolysis in myocardial  
infar ction (TIMI) 36 trial randomized 6,560 patients 
hospi talized with a non-ST-elevation acute coronary 
syndrome to ranolazine or placebo in addition to 
standard therapy (MERLIN-TIMI 36, 2009).

 Treatment with ranolazine resulted in significantly 
lower incidences of arrhythmias. Fewer patients had 
an episode of ventricular tachycardia lasting 8 beats 
[166 (5.3%) vs 265 (8.3%); p < 0.001], supraventricular  
tachycardia [1,413 (44.7%) vs 1,752 (55%); p < 0.001], 
ranolazine appears to have antiarrhythmic effects as 
assessed by the continuous ECG monitoring of patients in 

the 1st week after admission for acute coronary syndrome 
(Scirica et al. 2007). Cardiovascular death or MI did not 
differ between the treatment groups. Exercise duration 
at 8 months was greater with ranolazine (514 seconds vs 
482 second; p = 0.002) (Wilson et al. 2009)—a difference of 
only 32 second. This small difference raises concerns as to 
whether the addition of this drug to proven therapy (beta-
blocker, nitrate, calcium antagonist, statin and ACE inhibi-
tor) is justifiable in terms of cost to patients and adverse 
effects. If angina is not sufficiently controlled, it is advisa-
ble to consider PCI or CABG instead of adding ranolazine.

Caution: The drug should not be used in patients who have 
been administered other agents that increase the QT inter-
val. A prolongation of the QT interval and syncope has 
been reported. Significant interaction occurs with potent 
CYP3A inhibitors, and the antianginal agent diltiazem and 
simvastatin.

 ■ The drug may be combined with a beta-blocker and 
ACE inhibitors because it does not cause reduction in 
heart rate or BP and has no significant effects on myo-
cardial contractility.

Nicorandil
Nicorandil has low efficacy; this nicotinamide ester has 
a dual mechanism of action. The drug acts as a potassium-
channel activator but also has a nitrate-like action. The 
drug reportedly causes modest dilation of large coronary 
arteries and reduces preload and afterload. The drug opens 
ATP sensitive potassium channels, thus dilating peripheral 
and coronary resistance arterioles. The drug possesses a 
nitrate moiety that dilates systemic veins and possibly epi-
cardial coronary arteries and may increase coronary blood. 
Nicorandil has been shown to have antianginal efficacy 
and a safety profile similar to that of oral nitrates.
 A randomized clinical trial in 5,126 patients showed 
a significant improvement in the outcome due to a reduc-
tion in major coronary events caused by nicorandil in 
patients with stable angina. Mean follow-up was 1.6 years 
(Chaitman et al. 2004).

Indications: Prophylaxis and treatment of angina. The drug 
is used sparingly in the United Kingdom but extensively in 
Japan. The drug has shown low efficacy in small RCTs and 
is not used in the United States and Canada. 
 It is to be avoided in patients with hypovolemia, 
low systolic blood pressure, cardiogenic shock, acute  
pulmonary edema and acute MI with acute LV failure and 
low filling pressures. 



Practical Cardiology20

Caution: There are several drawbacks—oral ulceration, 
myalgia and rash; at high dosage, reduction in blood pres-
sure and/or increase in heart rate; angioedema, hepatic 
dysfunction and anal ulceration; headache and flushing.

Trimetazidine
It has low efficacy.

Ivabradine
It has low efficacy

Allopurinol
It has been used for many years to reduce uric acid and 
prevent gout. Therefore, many patients with CHD take 
this drug. A 300-mg dose administered in a small RCT 
using treadmill exercise showed improved exercise tol-
erance and increased time to ST-segment depression. 
Administration of allopurinol 600 mg/day in a double-
blind crossover design to 65 patients with stable CAD, EF 
more than 45% and provocable ischemia despite optimal 
anti-ischemic medications was associated with a 43-sec-
onds median increase in exercise time to ST-segment 
depression (p = 0.0002), a 58-seconds median increase in 
total exercise time (p = 0.0003) and a 38-seconds median 
increase in time to chest pain (p = 0.001). 

Caution: This huge dose may cause adverse effects not 
reported in this small trial. Importantly, a 300-mg dose 
must be avoided in patients with renal dysfunction esti-
mated glomerular filtration rate (eGFR) less than 50. Do 
not use if eGFR less than 40.

Diabetics with Angina
Diet and ezetimibe may be needed to control sitoster-
olemia (see chapter17)

Interventional Therapy
Percutaneous coronary intervention is now advised in 
a selected few with stable angina. It is advisable to pursue 
an optimal medical therapy initially as effective in 75%, 
and if this is ineffective in 25%, resort to PCI (Peterson and 
Rumsfeld 2008).

UNSTABLE ANGINA
Unstable angina is recognized by:

 ■ A change in the pattern of pain; an increase in the 
frequency, severity, or duration of pain; and a lesser 
degree of known precipitating factors

 ■ Pain may occur on exertion only or on exertion and 
at rest. New-onset angina, less than 60 days’ duration, 
occurring on exertion or at rest is classified as unstable 
angina.

PATHOPHYSIOLOGY
The pathophysiology of unstable angina has been clarified. 
In patients with unstable angina, atheromatous plaques 
are eccentric with irregular borders, plaques may become 
fissured and covered with platelet thrombi—a common 
finding on angioscopy.

Selective History
 ■ How does the patient describe the pain?
 ■ Is the pain similar to that of angina but now more 

severe and more frequent?
 ◆ Does the pain occur only on exertion?
 ◆ Does the pain occur on exertion and at rest?
 ◆ Does the pain occur at rest only?
 ◆ Did the pain occur only in the past 48 hours?
 ◆ Is there a relation to meals and posture to suggest a 

gastrointestinal cause, esophageal spasm, or reflux 
or gallbladder disease?

 Pain lasting more than 30 minutes suggests MI and not 
unstable angina.

Selective Physical Examination
 ■ Assess the BP and heart rate.
 ■ Physical examination may be normal.
 ■ S4 is commonly heard during pain.
 ■ Assess for signs of congestive heart failure (CHF).

DIAGNOSTIC TESTING
Electrocardiography
The ECG may be normal. ECG abnormalities during pain 
include mild ST-segment elevation with positive T waves 
or horizontal or downsloping ST depression with positive 
or negative T waves (see Figs. 2.2A and B).
 Abnormal ST-T changes may be seen mainly in leads 
V2, V3, or V4 and sometimes in leads V5 and V6 (Figs. 2.3 
and 2.5). Some patients develop ST-segment abnormali-
ties and progressive symmetric T wave inversion. ECG 
changes may occur over 24 hours but may be delayed by 2–4 
days; thus caution is needed for discharge of patients from 
the emergency room particularly when the ECG shows sub-
tle signs of ischemia (see Figs. 2.2B, 2.3 and 2.4).
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Cardiac Troponins
With the advent of high-sensitivity troponins (hsTn), the 
ability to rule out non-ST elevation myocardial infarc-
tion (NSTEMI) in the emergency department (ED) has 
improved (Yip et al. 2014). If troponins are not available 

use the CK-MB; if it is abnormal, consider NSTEMI. CK-MB 
is appropriate for the diagnosis of NSTEMI because a result 
in 6–12 hours is all that is needed. A patient with acute 
chest pain and ECG changes should be observed for 36 
hours at which time a negative CKMB excludes infarction. 
A positive enzyme result allows coronary angiography  
to be done in high risk patients at 24–36 hours; and low risk 
patients at 48-hour or more (Laurent et al. 2016).

 ■ In the Better Evaluation of Acute Chest Pain with Com-
puted Tomography Angiography (BEACON) study 500 
patients, mean age of 54 years, who had presented 
with low- to intermediate-risk acute chest pain were 
followed for 30 days. CCTA, applied early in the work-
up of intermediate-risk patients, was shown safe and 
associated with less outpatient testing and lower costs. 
However, in the era of hsTn, CCTA does not identify 
more patients with significant CAD requiring coronary 
revascularization, shorten hospital stay, or allow for 
more direct discharge from the ED (BEACON) (Dedic  
et al. 2016). CK-MB can do nearly as well if used logically.

  An early invasive strategy does not reduce the risk 
for death or myocardial infarction compared with a 
delayed strategy. Recurrent ischemia and length of 
stay were significantly reduced with an early invasive 
strategy. The median time between randomization 
and angiography ranged from 0.5 to 14.0-h in the early 
group and from 18.3 to 86.0-h in the delayed group 
(Bonello et al. 2016).

Fig. 2.3: Anterior myocardial ischemia: downsloping ST segment 
depression in leads V2–V6.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd 
edition. Philadelphia: WB Saunders, Elsevier Science; 2006.

A B
Figs. 2.4A and B: Flat (somewhat horizontal and downsloping) ST segment depression greater than 1 mm in a patient with proven 
 angina and obstructive coronary disease. Upsloping depression is not specific for ischemia. (A) limb leads. (B) Leads V5 and V6.
Source: Adapted from Rapid ECG Interpretation, 3rd edition. Humana Press, Reprint 2010.
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 ■ Patients in the BEACON trial were in the ED with follow-
up in designated chest pain clinics within 48–72 hours. 

 ■ One advantage of CCTA is that characterizing plaque 
burden and the nature of plaque, is beneficial and 
should improve long-term cardiovascular outcomes 
(Farkouh and Douglas 2016).

MANAGEMENT
 ■ Give aspirin, 160–240 mg (chewable aspirin) or if not 

availble give 325 mg (plain aspirin crushed), chewed 
and swallowed for rapid effect, then 81 mg soft chew 
once daily after a meal (enteric-coated aspirin is not 
recommended because it gives ineffective platelet 
aggregation in more than 33%) Perhaps because the 
coated tablet is not completely absorbed. The soft 
chewable aspirin is rapid acting.

 ■ Give heparin, 5,000 units intravenously immediately, 
then continuous infusion. Low-molecular-weight 
heparin administered subcutaneously is as good as 
IV heparin and is often used routinely in combination 
with aspirin.

 ■ Patients with abnormal ECG changes should undergo 
coronary angiography to determine the extent of coro-
nary stenosis and the number of vessels involved with 
a view to PCI. 

 ■ IV nitroglycerin: Start with 5–10 μg/min; increase 5 to 
10 μg/min every 5 or 10 minutes, if needed, to mainte-
nance dose (100–200 μg/min).

 ■ The infusion should not lower the systolic BP to 
< 110 mm Hg.

 ■ Beta-blockers: Use propranolol 120–240 mg/day, or 
timolol 5–10 mg twice daily. The commonly used ate-
nolol is not advisable if the incidence of fatal MI and 
sudden deaths are to be reduced. Metoprolol succi-
nate long acting (not long acting tartrate, that may not 
cover a full 24-hour effective action) or bisoprolol are 
acceptable (see Table 2.1). See Chapters 7 and 19 for 
pathophysiology and new treatment concepts.

 Atenolol must not be used. The combination of a beta-
blocker and IV nitroglycerin should relieve pain within 
the next 24–48 hours.

 ■ Calcium antagonists: There is no evidence to suggest 
that beneficial effects can be obtained by the addition 
of a calcium antagonist to the combination of IV nitro-
glycerin and a beta-blocker. Nifedipine used without 
a beta-blocker increases mortality. Sustained-release 
diltiazem 180–240 mg once daily added to IV nitroglyc-
erin, may be used if a beta-blocker is contraindicated 
and the absence of left ventricular dysfunction because 
the drug can precipitate heart failure as shown in an 
RCT also amlodipine caused heart failure in patients 
with left ventricular dysfunction (PRAISE 1996):

 ◆ The combination of nitroglycerin IV, beta-blocker, 
diltiazem, aspirin/heparin and a statin constitutes 
optimal medical therapy.

 ◆ The combination of beta-blocker and diltiazem 
should be avoided if bradycardia occurs, if the EF 
is less than 40%, or if there is documented CHF in 
the past.

 ◆ Verapamil is contraindicated because this agent 
may cause CHF, and if acute MI supervenes, mor-
tality increases.

Interventional Therapy 
All high-risk patients, and all patients are with ECG ischemic 
changes and negative troponin tests, thus a diagnosis of 
unstable angina should have coronary angiograms or CCTA 
done within 24–48 hours of admission with the hope of PCI 
and stenting; some require CABG surgery. 

Statins
Statins should be administered to all patients as soon as 
the diagnosis of unstable angina is made regardless of  

Fig. 2.5: Anterior ischemia: abnormal ST segment; deep symme-
tric T wave inversion in leads V2–V5.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd 
edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
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cholesterol level results. It is necessary to ensure aggres-
sive lipid lowering immediately after percutaneous trans-
luminal coronary angioplasty (PTCA) and stenting. LDL-C 
goal is 1.4–1.8 mmol/L.

DIABETICS NEW NOVEL THERAPY
Sitosterol concentration is high in vegetable, plant foods, 
shellfish, avocado vegetable cooking oils and nuts. These 
foods are of necessity consumed by diabetics in whom an 
increase in sitosterol blood levels occur and causes ath-
eromatous occlusion of coronary peripheral and cerebral 
arteries. Dietary restriction of sitosterol and ezetimibe 10 
mg daily are strongly recommended to prevent MI and 
stroke (Khan 2017, see Chapter 17).

PRINZMETAL’S (VARIANT) ANGINA
Variant angina is a rare form of angina and is caused by 
coronary artery spasm, often without identifiable stimuli. 
The resulting myocardial ischemia in this condition also 
stimulates catecholamine release. During the pain, the 
ECG shows ST-segment elevation which resolves when 
pain subsides. Rarely, exposure to cold, smoking, emo-
tional stress, aspirin ingestion, or cocaine may trigger 
coronary spasm. Pain relief is obtained with the admin-
istration of nitrates or calcium antagonists or both. Beta-
blocking agents may allow alpha activity with resulting 
vasoconstriction and can increase pain.

REFERENCES
A randomized trial of propranolol in patients with acute myo-

cardial infarction. I. Mortality results. JAMA. 1982;247(12): 
1707-14.

BHAT; Beta-blocker Heart Attack Trial Research Group. A ran-
domised trial of propranolol in patients with acute myocar-
dial infarction. I: mortality results. JAMA. 1982;247:1707-14.

Boden WE, O’Rourke RA, Teo KK, et al. Optimal medical therapy 
with or without PCI for stable coronary disease. N Engl J 
Med. 2007;356(15):1503-16.

Bonello L, Laine M, Puymirat, et al. Timing of Coronary Invasive 
Strategy in non–ST-segment elevation acute coronary syn-
dromes and clinical outcomes: an updated meta-analysis. 
J Am Coll Cardiol Intv. 2016;9:2267-76.

Chaitman BR, Skettino SL, Parker JO, et al. Anti ischemic effects 
and long-term survival during ranolazine monotherapy in 
patients with chronic severe angina. J Am Coll Cardiol. 
2004;43:1375-82.

Cockcroft JR, Chowienczyk PJ, Brett SE, et al. Nebivolol 
vasodilates human forearm vasculature: evidence for a 
L-arginine/No dependent mechanism. J Pharmacol Exp 
Ther. 1995;274(3):1067-71.

Cox D, Maree AO, Dooley M, et al. Effect of enteric coating on 
antiplatelet activity of low-dose aspirin in healthy volun-
teers. Stroke. 2006;37:2153-8.

Cruickshank JM, Neil-Dwyer G, Degaute JP, et al. Reduction 
of stress/catecholamine-induced cardiac necrosis by B1 
selective blockade. Lancet. 1987;2(8559):585-9.

Dargie HJ. Effect of carvedilol on outcome after myocardial 
infarction in patients with left-ventricular dysfunction: the 
CAPRICORN randomised trial. Lancet. 2001;357(9266): 
1385-90. 

Dedic A, Lubbers MM, Schaap J, et al. Coronary CT angiogra-
phy for suspected ACS in the era of high-sensitivity tro-
ponins: randomized multicenter study. J Am Coll Cardiol. 
2016;67(1):16-26.

Farkouh ME, Douglas PS. The management of acute chest pain: 
what lies beyond the emergency department doors? J Am 
Coll Cardiol. 2016;67(1):27-8. 

Fuster V, Moreno PR, Fayad ZA, et al. Atherothrombosis and 
high-risk plaque: part I: evolving concepts. J Am Coll 
Cardiol. 2005;46(6):937-54.

Kapoor JR. Enteric coating is a possible cause of aspirin resis-
tance. J Am Coll Cardiol. 2008;52:1276-7.

Khan M Gabrie. Sitosterol blood levels are elevated in diabetics 
and may be the cause of coronary artery disease and stroke. 
J Med Sci. 2017;3(2):1-6.

Khan M Gabriel. Angina, which beta blocker to choose. In: Heart 
Disease Diagnosis and Therapy, A Practical Approach, 2nd 
edition. New York, Totowa, NJ: Humana Press Inc; 2005. 
pp. 150-2.

Khan M Gabriel. Cardiac Drug Therapy, 6th edition. Philadelphia: 
WB Saunders, Elsevier; 2003. p. 502.

Khan M Gabriel. Encyclopedia of Heart Diseases, 2nd edition. 
New York: Springer; 2011. p. 556.

Khera AV, Emdin CA, Drake I, et al. Genetic risk, adherence to 
a healthy lifestyle, and coronary disease. N Engle J Med. 
2016;375:2349-58.

Kokkinos P, Chrysohoou C, Panagiotakos D, et al. Beta-blockade 
mitigates exercise blood pressure in hypertensive male 
patients. J Am Coll Cardiol. 2006;47(4):794-8.

Krum H, Gu A, Wilshire-Clement M, et al. Changes in plasma 
endothelin-1 levels reflects clinical response to beta-block-
ade in chronic heart failure. Am Heart J. 1996;131(2):337-41.

Laurent B, Marc L, Etienne P, et al. Timing of coronary invasive 
strategy in non–ST-segment elevation acute coronary syn-
dromes and clinical outcomes. An updated meta-analysis. 
J Am Coll Cardiol Intv. 2016;9(22):2267-76.

Maffei A, Lembo G. Nitric oxide mechanisms of nebivolol. Ther 
Adv Cardiovasc Dis. 2009;3(4):317-27.

Maree AO, Curtin RJ, Dooley M, et al. Platelet response to low-
dose enteric-coated aspirin in patients with stable cardio-
vascular disease. J Am Coll Cardiol. 2005;46:1258-63.

Multicenter Diltiazem Postinfarction Trial Research Group. 
The effect of diltiazem on mortality and reinfarction after 
myo-cardial infarction. N Engl J Med. 1989;319:385.

Neutel JM, Smith DH, Ram CV, et al. Application of ambulatory 
blood pressure monitoring in differentiating between anti-
hypertensive agents. Am J Med. 1993;94(2):181-7.



Practical Cardiology24

O'Rourke RA. Optimal medical therapy is proven option for 
chronic stable angina. J Am Coll Cardiol. 2008;52:905-7.

Olsson G, Rehnqvist N, Sjogren A, et al. Long-term treatment 
with metoprolol after myocardial infarction: effect on 3-year 
mortality and morbidity. Am Coll Cardiol. 1985;5:1428-37.

Packer M, Coats AJ, Fowler MB, et al. Effect of carvedilol on 
survival in severe chronic heart failure. N Engl J Med. 
2001;344(22):1651-8. 

Packer M, O’Connor CM, Ghali JK, et al. for the Prospective 
Randomized Amlodipine Survival Evaluation Study Group. 
Effect of amlodipine on morbidity and mortality in severe 
chronic heart failure. N Engl J Med. 1996;335(15):1107-14.

Peterson ED, Rumsfeld JS. Finding the courage to recon-
sider medical therapy for stable angina. N Eng J Med. 
2008;359(7):751-3.

Peters RW, Muller JE, Goldstein S, et al. Propranolol and the 
morning increase in the frequency of sudden cardiac 
deaths (BHAT Study). Am J Cardiol. 1989;63(20):1518-20.

PRAISE STUDY: Packer M, O’Connor CM, Ghali JK, et al. 
Effect of amlodipine on morbidity and mortality in severe 
chronic heart failure: for the prospective randomised 
amlodipine survival evaluation study group. N Engl J Med. 
1996;335:1107.

Raff GL, Gallagher MJ, O’Neill WW, et al. Diagnostic accuracy 
of noninvasive coronary angiography using 64-slice spi-
ral computed tomography. J Am Coll Cardiol. 2005;46(3): 
552-7.

Rodriguez AE, Baldi J, Fernández Pereira C, et al. Five-year 
follow-up of the Argentine randomized trial of coronary 
angioplasty with stenting versus coronary bypass surgery 
in patients with multiple vessel disease (ERACI II). J Am 
Coll Cardiol. 2005;46(4):582-8.

Rybicki FJ, Udelson JE, Peacock WF, et al. 2015 ACR/ACC/AHA/
AATS/ACEP/ASNC/NASCI/SAEM/SCCT/SCMR/SCPC/
SNMMI/STR/STS Appropriate Utilization of Cardiovascular 
Imaging in Emergency Department Patients With Chest 
Pain: A Joint Document of the American College of 
Radiology Appropriateness Criteria Committee and the 
American College of Cardiology Appropriate Use Criteria 
Task Force. J Am Coll Cardiol. 2016;67(7):853-79.

Scirica BM, Morrow DA, Hod H, et al. Effect of ranolazine, an 
antianginal agent with novel electrophysiological proper-
ties, on the incidence of arrhythmias in patients with non–
ST-segment–elevation acute coronary syndrome. Results 
from the Metabolic Efficiency with Ranolazine for Less 
Ischemia in non–ST-Elevation Acute Coronary Syndrome—
Thrombolysis in Myocardial Infarction 36 (MERLIN-TIMI 36) 
randomized controlled trial. Circulation. 2007; 116:1647-52.

Sedlis SP, Hartigan PM, Teo KK, et al. Effect of PCI on long-term 
survival in patients with stable ischemic heart disease. N 
Engl J Med. 2015;373(20):1937-46.

Serruys PW, Ong AT, van Herwerden LA, et al. Five-year  
outcomes after coronary stenting versus bypass surgery for 
the treatment of multivessel disease: the final analysis of 
the Arterial Revascularization Therapies Study (ARTS) ran-
domized trial. J Am Coll Cardiol. 2005;46(4):575-81. 

Stone GW, Hochman JS, Williams DO, et al. Medical therapy 
with versus without revascularization in stable patients 
with moderate and severe ischemia: the case for commu-
nity equipoise. J Am Coll Cardiol. 2016;67(1):81-99. 

Stone GW, Sabik JF, Serruys PW, et al. Everolimus-eluting stents 
or bypass surgery for left main coronary artery disease. N 
Engl J Med. 2016;375:2223-5.

Stone PH, Gratsiansky NA, Blokhin A for the ERICA Investigators. 
Antianginal efficacy of ranolazine when added to treatment 
with amlodipine: the ERICA (Efficacy of Ranolazine in 
Chronic Angina) trial. J Am Coll Cardiol. 2006;48:566-75. 

Tue Norwegian Multicenter Study Group. Timolol-induced 
reduction in mortality and reinfarction in patients surviving 
acute myocardial infarction. N Engl J Med. 1981;304(14):801-
7. 

Wilson SR, Scirica BM, Braunwald E, et al. Efficacy of ranolazine 
in patients with chronic angina observations from the ran-
domized, double-blind, placebo-controlled MERLIN-TIMI 
(Metabolic Efficiency with Ranolazine for Less Ischemia in 
non-ST-Segment Elevation Acute Coronary Syndromes) 36 
Trial. J Am Coll Cardiol. 2009;53:1510-6. 

Yip TP, Pascoe HM, Lane SE. Impact of high-sensitivity cardiac 
troponin I assays on patients presenting to an emergency 
department with suspected acute coronary syndrome. Med 
J Aust. 2014;201(3):158-61.



Diabetes Caused by Beta-blockers Diuretics and Statins 25

INTRODUCTION
Long-term treatment with beta-blocker thiazide diure-
tics and statins has been noted to rarely increase blood  
glucose concentration in very few patients by approxi-
mately 0.2–1.0 mmol/L (~3–18 mg/dL). This increase is 
genuine in approximately 20% of patients treated for more 
than 2 years at high drug doses. But it is incorrect to label 
this as diabetes mellitus (DM). Other explanations for the 
increase are as follows:

 ■ Some subjects are prediabetics and would show on 
proper testing to be diabetics

 ■ Reversible glucose intolerance is well known to 
occur, and on stopping the diuretic we do have sound  
evidence that minor elevated levels return to normal  
on cessation as was shown in a study by Murphy  
et al. (1982).

INVESTIGATIONS AND RANDOMIZED 
CONTROLLED TRIALS
Investigators conducting randomized controlled trials 
(RCTs) have incorrectly labeled patients as diabetics with-
out proper diagnostic testing. Experts in the UK and USA 
who formulate guidelines for the profession believe that 
this minor change in glucose levels represents DM. This 
notion is false and clinicians are misled by quite bright-
and learned physicians, who are mainly statisticians and 
not clinicians; their core knowledge of internal medicine 
is unfortunately weak. 
 Bangalore and colleagues (2007) from a meta-analysis  
of 94,492 patients with hypertension treated with beta-
blockers (mainly atenolol) concluded that “beta-blocker 
therapy resulted in a 22% increased risk for new-onset 
DM”; higher baseline fasting glucose levels were signi-
ficant predictors of new-onset DM. But exact glucose  
levels (7, 8 or 9 mmol/L) were not given by these statisti-
cians who continue to make unsound statements.

 Dr Fuster (2015), editor in chief JACC, “called atten-
tion to the delicacy of presenting statistics”. A level of 7.5 
mmol/L is not convincingly DM and can be due to a mild 
elevation caused by the drug, or seen in a prediabetic. A 
level of 8.5 mmol/L would certainly indicate diabetes. 
 This chapter will indicate to readers that the increase 
in blood glucose observed in some subjects treated with 
beta-blockers, statins or thiazide diuretics is due to benign 
reversible glucose intolerance and it is genuine diabetes in 
prediabetics. 

 ■ The UKPDS (UK Prospective Diabetes Study) clinical 
trial studied 1,148 hypertensive patients with type 2 
diabetes to determine whether tight control of blood 
pressure with either a beta-blocker or an ACE inhibitor 
has a specific advantage or disadvantage in preventing 
the macrovascular and microvascular complications. 
Blood pressure lowering with captopril or atenolol was 
similarly effective in reducing the incidence of major 
diabetic complications at the end of the long 9-year 
follow-up. Glycated hemoglobin concentration was 
similar in the two groups: atenolol 8.4% versus capto-
pril 8.3%. 

 ■ A systematic review of antihypertensive therapy and 
the incidence of type 2 diabetes was conducted by 
Padwal and Laupacis (2004). Data from the highest 
quality studies indicated that diabetes incidence is 
unchanged or increased by beta-blocker and thiazide 
diuretics. The authors concluded that current data are 
far from conclusive and warned that poor methodo-
logic quality limits the conclusions that can be drawn 
from the several nonrandomized studies quoted by 
many. In most studies, including LIFE (Losartan Inter-
vention For Endpoint), post hoc analysis suggests that 
increased risk of new-onset diabetes is confined to 
individuals with an elevated blood glucose at baseline 
and family predisposition to diabetes (Lindholm et al. 
2002).

Diabetes Caused by  
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 ■ This finding strongly suggests that in prediabetics 
beta-blockers or diuretics brings to light type 2 diabe-
tes at an earlier point in time but do not cause diabetes 
in nondiabetic individuals.

 ■ Murphy et al. (1982) did a rather long 14-year follow-
up in hypertensive patients treated with large doses of 
diuretics. Fasting blood glucose was elevated in several 
subjects. But elevated blood glucose levels reverted to 
normal in the majority (>70%) of patients on discon-
tinuation of the diuretic. These individuals developed 
reversible glucose intolerance which cleared on stop-
ping the diuretic. In proven type 2 diabetes, elevated 
fasting glucose levels do not constantly return to nor-
mal without treatment. If these subjects were diabet-
ics, blood glucose would remain elevated because 
diabetes does not disappear. These patients were not 
classified as diabetics by the investigators. We have 
observed similar findings when beta-blocker therapy 
is discontinued. 

 ■ The study of Murphy et al. clearly indicates that diu-
retics do not cause genuine DM, but investigators and 
statisticians who have put forward the false notion 
have missed this excellent trial result hidden in the 
archives.

 ■ Mason et al. (2005) analyzed several RCTs and conclu-
ded that the data suggest that routine use of thiazide 
with a beta-blocker increases the risk of developing  
diabetes, but emphasized, “we have conducted a 
secondary analysis of trials that include subgroups of 
patients randomly assigned, thus, our analysis is poten-
tially vulnerable to confounding and reporting bias”.

 ■ Importantly, there is no conclusive or consistent 
 evidence that this diuretic-associated increase in DM 
increases the risk of clinical events.

 ■ In ALLHAT (Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial), at more than 
6-year follow-up the highest glucose elevations were 
as reported (Barzilay et al. 2006):

 ◆ Chlorthalidone 12.7 mg/dL (0.7 mmol/L) but in 
only 679 of more than 8,000 subjects

 ◆ Amlodipine 11.9 mg/dL 
 ◆ Lisinopril 9.3 mg/dL. 

 ■ In the ASCOT (Anglo-Scandinavian Cardiac Outcomes 
Trial) randomized trial, at 5-year follow-up, in 19,257 
patients, fasting blood glucose levels for the calcium 
antagonist and beta-blocker regimen were 6.39 ver-
sus 6.59. Five years of beta-blocker therapy did not 
increase the incidence of diabetes.

 ■ Loubatières et al. (1971) indicated that insulin secre-
tion is partly β-2 mediated. Glucose-sulfonylurea-
stimulated insulin secretion is partially inhibited by 
beta-blockers. But no significant worsening of glyce-
mic control occurs when beta-blockers are combined 
with these agents. 

   Beta-blockers diuretics and statins do not destroy 
islet cells or impair insulin secretion. They may have 
a modest effect on insulin resistance in predisposed 
individuals.

 ■ Sattar et al. (2010) presented a collaborative meta-
analysis of randomized trials with statins in which they 
address many of these issues by collecting data from 
13 large placebo-controlled trials. These meta-analysts 
found that there was a consistent finding of a higher 
risk of developing diabetes, but glucose levels were not 
stated. 

 ■ Cannon (2010) stated that development of diabetes 
was suggested in a large randomized trial of rosuv-
astatin for primary prevention [Ridker et al. (2008) 
for the JUPITER Study Group]. But genuine diabetes  
was not proven. Ridker et al. state, “Protocol-speci-
fied measurements showed no significant differences 
between the study groups during the follow-up period 
with respect to the fasting blood glucose level [98 mg/
dL (5.4 mmol/L) in both groups, p = 0.12] or newly 
diagnosed glycosuria.” In 36 subjects in the rosuvas-
tatin group and 32 in the placebo group (p = 0.64), 
there was a minimal difference in the median glycated 
hemoglobin value (5.9% and 5.8%, respectively; p = 
0.001). Physician-reported that so called diabetes was 
more frequent in the rosuvastatin group (270 reports 
of diabetes vs 216 in the placebo group; p = 0.01); these  
events were not adjudicated by the end-point com mittee; 
the diagnosis of genuine diabetes was not proven. Thus, 
this latter information cannot be trusted. 

CONCLUSION
Long-term beta-blocker, statin or diuretic therapy and 
combinations of these agents may increase glucose levels 
0.2–1.5 mmol/L (3–27 mg/dL) in normal subjects. In the 
majority of patients, this altered glucose level is reversi-
ble; this condition should be termed as reversible glucose 
intolerance. In individuals with prediabetes and family 
history of type 2 diabetes, beta-blockers, statins and diu-
retics might bring the diabetic state to light at an earlier 
point in time, thus allowing treatment to commence. This 
presents a reassuring, rather than an alarming, scenario.
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INTRODUCTION
After more than 80 years of hypertension research and 
much talk about the newer drugs, sadly only four classes 
of antihypertensive agents are available to treat more than 
1.2 billion individuals with hypertension: (1) diuretics, 
(2) beta-blockers, (3) calcium antagonists and (4) angio-
tensin-converting enzyme (ACE) inhibitors [angiotensin  
receptor blockers (ARBs)]; four drugs with numerous 
reduplications.
 In addition, experts incorrectly advise that beta-block-
ers are poorly effective, should not be used in the elderly 
(Messerli et al. 1998) and cause diabetes (Bangalore et al.  
2007), also diuretics cause diabetes. This chapter tells  
you otherwise.

COMMON DETRIMENTAL EFFECTS 
OF HYPERTENSION

 ■ Fatal, nonfatal stroke
 ■ Myocardial infarction (MI)
 ■ Heart failure (HF)
 ■ Left ventricular hypertrophy (LVH; Figs. 4.1A to D)
 ■ Atrial fibrillation (AF)
 ■ Renal failure
 ■ Rupture aortic aneurysm or Berry aneurysm.

SAFETY FIRST FOR PATIENTS
Consider three key factors that allow logical choices to be 
made for initial therapy and drug combinations. Acknowl-
edge that safety to patients is the most important of the 
three keys. Drug efficacy differs considerably in the White 
patients and the Black patients particularly the young (age 
<60 years) or elderly (age >65 years), this statement still 
holds. Also, patients over age of 70 years are at high risk for 
HF and calcium antagonists increase this risk.
 ACE inhibitors and ARBs are weak antihypertensive 
agents and not as effective as proclaimed by experts. A 

recent meta-analysis states that in diabetics ACE inhibi-
tors and ARBs “are not superior to other antihypertensive 
drug classes such as thiazides, calcium channel blockers 
and beta-blockers at reducing the risk of hard cardiovas-
cular and renal endpoints. These findings support the  
recommendations of the guidelines of the European  
Society of Cardiology/European Society of Hypertension” 
(Bangalore et al. 2016); and any class of antihypertensive 
agents can be used in people with diabetes.
 In diabetics blood pressure (BP) lowering treatment 
is associated with reduced mortality and cardiovascular 
morbidity, if systolic blood pressure (SBP) before treat-
ment is more than 140 mm Hg. If SBP before treatment is 
less than 140 mm Hg, a recent analysis found no benefit, 
but potential harm, with an increased risk of cardiovascu-
lar death. “Treatment reduced the risk of all-cause mortality, 
MI stroke and HF, if SBP was treated to 130–140 mm Hg, 
but was associated with a nonsignificant increase in all 
cause and cardiovascular mortality if SBP was lowered to 
less than 130 mm Hg” (Brunström and Carlberg 2016). 
 In addition experts who state that beta-blockers are 
not as effective as other agents are referring not to all 
beta-blockers but only to atenolol, the least effective beta-
blocker that unfortunately is often used worldwide. More 
than 90% of hypertension drug trials done from 1984 to 
2007 have used atenolol. The reasons for the drug’s poor 
efficacy are discussed later in this chapter. Clinicians need 
to know that beta-blockers are not all alike (Khan 2005).
 Numerous randomized clinical trials (RCTs) are ana-
lyzed and conclusions incorrectly drawn. Fuster (2015) 
has given an appropriate warning. Here are the results of 
three notable ACE inhibitor and ARB RCTs:
1. PROGRESS (Perindopril Protection Against Recur-

rent Stroke Study) (2001): This large RCT showed that 
more than 55% of subjects required a diuretic added 
to perindopril to gain control BP less than 140 mm Hg  
systolic. The drug did not reduce total deaths, or fatal MI.

Drug Treatment for  
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2. TRANSCEND (Telmisartan Randomised Assessment 
Study in ACE Intolerant Subjects with Cardiovascular  
Disease): Telmisartan therapy had no significant 
effect on the primary outcome, hospitalizations for  
HF (Yusuf et al. 2008).

3. PRoFESS (The Prevention Regimen for Effectively  
Avoiding Second Strokes): Yusuf et al. (2008), the 
drug failed to prevent stroke in this large RCT. In a 
meta-analysis by Staessen and associates the authors  
concluded that “all antihypertensive drugs have simi-
lar long-term efficacy and safety”, but in the same  

article indicated that new drugs significantly increased 
the risk of HF.

HALLMARK RANDOMIZED CLINICAL 
TRIALS

Systolic Blood Pressure Intervention Trial
In the Systolic Blood Pressure Intervention (SPRINT) trial 
(2015) BP target was less than 125 mm Hg, claimed to 
reduce outcomes. But patients under the age of 50 years, 
prior strokes and diabetics were excluded. This RCT results 

Figs. 4.1A to D: Systemic hypertension. The patient is a 37-year-old female with very severe hypertension. Two-dimensional trans-
thoracic echocardiography. Parasternal long-axis (A), short-axis (B), and apical four-chamber views (C). Note the marked concentric 
hypertrophy of both the ventricular septum (VS) and the posterior wall (PW). The left atrial appendage (LAA) is clearly delineated and 
is free of any clot. (D) M-mode study shows left ventricular hypertrophy. (AO: Aorta; LA: Left atrium; MV: Mitral valve; RA: Right atrium; 
RV: Right ventricle). (Movie clips 78.23A to C).  
Source: Adapted from Nanda NC. Comprehensive Textbook of Echocardiography, 1st editiion. New Delhi: Jaypee Brothers Medical 
Publishers; 2014, p. 1910, Figures 78.23A to D.

A

C

B

D
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were highly acclaimed by some experts. But Fuster (2015) 
emphasized that clinicians have to be particularly cau-
tious when interpreting results of RCTs, including SPRINT 
“because the patients included in this study are only 
approximately 20% of our actual hypertensive patients 
seen in our practice. The 4.7% of the intensive-treatment 
group and 2.5% of the standard-treatment group had  
serious adverse events, which is a relative risk increase of 
88%. There was an excess risk of acute renal failure in the 
intensive group; 4.4% versus 2.6% patients affected, which 
is a relative risk increase of 71%” (Fuster 2015). A disappoint-
ing result.

Action to Control Cardiovascular Risk 
in Diabetes
The Action to Control Cardiovascular Risk in Diabetes 
(ACCORD) BP trial found that serious adverse events 
occurred in 3.3% of the intensive BP—lowering arm 
compared with 1.3% in the usual care arm. The use of 
multiple antihypertensive drugs to gain tight BP control 
was associated with an increased incidence of serious 
adverse effects, including hypotension, syncope and wors-
ening renal function.

Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial
The Antihypertensive and Lipid-Lowering Treatment to 
Prevent Heart Attack Trial (ALLHAT) (2002) a large non-
drug sponsored RCT confirmed that amlodipine causes 
HF and older agents were as good as the newer drugs; ACE 
inhibitor, lisinopril, or amlodipine. The JNC-8 experts have 
ignored the sound findings of ALLHAT in which amlodi-
pine and nifedipine carried a 32% and 46% risk for HF 
compared with diuretic therapy, and a 35% greater risk for 
hospitalized fatal HF than did the chlorthalidone group.

 ■ Newer drugs certainly have more adverse effects, some 
are detrimental to patients.

 ■ In ALLHAT, the primary outcome was combined fatal 
coronary heart disease (CHD) or nonfatal MI.

 ◆ Conclusion: In older patients with hypertension 
and greater than or equal to 1 other CHD risk  factor, 
amlodipine or lisinopril was no better than chlo-
rthalidone in lowering the risk for CHD or other 
cardiovascular disease (CVD) events. Risks for 
some CVD events were greater with amlodipine or  
lisinopril.

 ■ The lisinopril group had a 15% higher risk for stroke  
(p = 0.02) and a 10% higher risk of combined CVD  
(p < 0.001), with a 6-year absolute risk difference for 
combined CVD of 2.4%. Included in this analysis was a 
19% higher risk of HF (p < 0.001), a 10% higher risk of 
hospitalized or fatal HF (p = 0.11), an 11% higher risk 
of hospitalized or treated angina (p = 0.01), and a 10% 
higher risk of coronary revascularization (p = 0.05).

 The two older drugs diuretics and beta-blockers do not 
cause detrimental adverse effects. Older drugs are safer 
and were proven in ALLHAT (2002). Since this remarkable 
trial was published, only the ASCOT (Anglo-Scandinavian 
Cardiac Outcomes Trial) trial (2008) is of note and it did 
not show amlodipine significantly superior to the poorly 
effective atenolol. Total mortality was similar.
 Thus, ALLHAT results hold the key to safe drug choices 
as given in Flowcharts 4.1 to 4.4.
 The safety of a small dose of beta-blocker is assured 
because we do know that the majority of elderly patients 
(age 70–88 years) with AF are safely controlled with a small 
dose of bisoprolol, 2.5–5 mg daily. The combination of 
small dose diuretic and very small dose of a beta-blocker 
is safer than the addition of an ACE inhibitor, ARB, or  
calcium antagonist in mild hypertension because this 
addition may cause too excessive lowering of BP, causing 
syncope, injury from falls.
 My advice does not follow JNC guidelines.
 Any of the two safer agents, diuretics and/or beta-
blocker, are advised as initial therapy except in younger 
Black patients as calcium antagonist are more effective 
and at this age HF is rare.
 Flowcharts 4.1 to 4.4 give drug choices.
 Beta-blockers are effective in White patients of all ages 
and Black patients aged less than 65 years. 
 Dickerson et al. (1999) studied the four main classes 
of antihypertensive drugs in 40 untreated young White 
hypertensive patients aged less than 55 years. Success 
of monotherapy was achieved (p = 0.0001) in half the 
patients, BP on the best treatment was 135/85 mm Hg or 
less. The responses to the beta-blocker, ACE inhibitor or 
pair were, on average, at least 50% higher than those to the 
calcium antagonist or diuretic pair.
 Deary et al. (2002) completed a double-blind placebo 
controlled crossover comparison of five antihyperten-
sive drugs (amlodipine, doxazosin, lisinopril, bisoprolol 
and bendrofluazide) and placebo in 34 young non-Black 
hypertensives and showed that bendrofluazide performed  
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Flowchart 4.1: Suggested drug choices for hypertensive patients 
not of African origin with mild to moderate hypertension: systolic 
blood pressure = 140–180 mm Hg. 

H = 3.1443 in

W
 = 3.4167 in

Flowchart 4.2: Suggested drug choices for hypertensive patients 
of African origin with mild to moderate systolic hypertension: blood 
pressure = 145–180 mm Hg.

*,‡If mild hypertension, try one drug but low dose; mono therapy 
may succeed in approximately 45%. Then small doses of both 
drugs: timolol 5 mg, propranolol LA 80–240 mg; bisoprolol 5–10 
mg (if cardioselective necessary) are best beta-blocker choice, 
propranolol and calcium antagonists only in nonsmokers. Atenolol 
not recommended, see text.
§Angiotensin receptor blocker is as effective as ACE inhibitor 
and preferred to avoid angioedema, rare death (particularly in  
Africans and probably East Indians), ER visit or cough. Best 
choice is losartan, 25–50 mg, avoid valsartan, as it interacts with 
beta-blockers. Avoid telmisartan.
||Calcium antagonist, amlodipine best choice, used in most large 
RCTs. Safest dihydropyridine calcium antagonist; avoid verapamil 
due to risk of HF, and bradycardia; all made worse if added to 
beta-blocker.
†Combinations allow smaller doses of drug; fewer side effects; 
Amlodipine + timolol (β1 and β2 drug strongly recommended if 
family history of MI or diabetic.

*Good response to monotherapy expected >70%. Diltiazem long 
acting controlled release is also recommended. Verapamil not 
advisable.
†Combinations allow smaller doses of drug; fewer side effects; 
Amlodipine + timolol (β1 and β2 drug strongly recommended if 
family history of MI or diabetic; see Chapter 17). Timolol can pre-
vent sudden deaths or nonfatal infarcts in smokers and nonsmok-
ers bisoprolol 5–10 mg/day is a proven antihypertensive drug for 
most patients with mild hypertension and is needed if chronic 
obstructive pulmonary disease (COPD).

significantly worse (p = 0.0016) and a beta-blocker, bisopr-
olol, significantly better (p = 0.004). Beta-blockers have the 
advantage of providing some cardioprotection depending 
on the beta-blocker used and the presence or absence of 
smoking.
 Calcium antagonists (dihydropyridines, the author 
chooses amlodipine and occasionally nifedipine) are 
effective in Blacks of all ages and older Whites but are not 
superior to beta-blockers or diuretics in the latter group. 
Cigarette smoking may inhibit salutary effects.

ANGIOTENSIN-CONVERTING ENZYME 
INHIBITORS CAUSE ANGIOEDEMA
Angiotensin-converting enzyme inhibitors cause angio-
edema requiring emergency room (ER) visits and deaths 
have been reported. Causing death, albeit rare, is not 
acceptable.

 ■ Angiotensin receptor blockers can replace ACE inhibi-
tors for the treatment of hypertension; they are as 
effective but can cause angioedema particularly in 
Black patients.

 ■ Angiotensin-converting enzyme inhibitors and ARBs 
are effective in young Whites, poorly effective in older 
Whites, but are not predictably effective in Blacks at 
any age. They require the addition of small dose diu-
retic to attain goal BP in more than 55% of treated 
patients.
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DIABETICS
Diabetics are at high risk for cardiac events and beta-
blockers are recommended; choose timolol, or propra-
nolol only in nonsmokers, as they can prevent fatal and 

nonfatal MI in those at high risk which includes diabetics 
with family history of MI (see Chapter 17 for prevention of 
hypoglycemia that should never occur with b 2 agents if 
fasting glucose goal is set high at 7–8 mmol/L and never  
< 7.0. Bisoprolol is advisable at dose 5–10 mg/day).
 The safety of a small dose of beta-blocker is assured 
because we do know that the majority of elderly patients 
(aged 70–85 years) with AF are safely controlled with a 
small dose of bisoprolol, 2.5–5 mg daily. The combina-
tion of small dose diuretic and very small dose of a beta-
blocker is safer than the addition of an ACE inhibitor, ARB 
or calcium antagonist in mild hypertension because this  
addition may cause too excessive lowering of BP and  
cause syncope, injury from falls.

DIURETICS
A diuretic, particularly chlorthalidone has been shown in 
many studies to be effective in White and Black patients 
aged older than 65 years (ALLHAT 2002 and HYVET 2008). 

Flowchart 4.3: Suggested drug choices for hypertensive patients 
older than age 64, with mild to moderate hypertension; systolic 
blood pressure = 145–180 mm Hg any ethnicity.

Flowchart 4.4: Suggested drug choices for hypertensive patients 
with prior heart failure, or probable LV dysfunction, old MI, atrial 
fibrillation or other heart disease.

*12.5 mg/day; much more effective than other thiazides. Proven 
100% the best drug in the soundly run large ALLHAT, shown to 
be safer and as effective as ACE inhibitor or amlodipine; but may 
cause significant hypokalemia. If serum potassium falls to <3.5 
mmol/L, add amiloride to prevent this.
 Chlorthalidone or hydrochlorothiazide 12.5 mg/day + ami-
loride to conserve potassium and assist thiazide diuresis; assess 
renal function and serum potassium. 
†If not controlled replace diuretic with amlodipine.
‡ACE inhibitor not recommended as risk of angioedema parti-
cularly in individuals of African origin; ARB of choice is losartan 
25–50 mg/day; avoid Telmisartan (see text for TRANSCEND 
and PRoFESS study failures). Calcium antagonist not recom-
mended if known or probable left ventricular dysfunction as 
may cause heart failure. ALLHAT The amlodipine group had a 
32.5% higher risk of heart failure (HF) (p < 0.001) with a 6-year 
absolute risk difference of 2.5% and a 35% higher risk of hos-
pitalized/fatal HF (p < 0.001). Risk is higher for nifedipine other 
dihydropyridines and diltiazem and much higher for verapamil. 
Use amlodipine or nifedipine only if other agents fail to control 
BP, and in the absence of left ventricular dysfunction. Amlodipine 
is often necessary for severe hypertension at a dose of 5–7.5  
mg/day; edema of legs can be a bothersome adverse effect.

*Small dose either drug: timolol 2.5–5 mg twice daily or propranolol in 
nonsmokers 120–240 mg/day; β1 and β2 drugs more cardioprotec-
tive than cardioselective. 
 Bisoprolol 5–10 mg also advisable for most patients and for 
COPD.
†ACE inhibitor not recommended as risk of angioedema par ti-
cularly in individuals of African or Indian origin.
 ARB of choice is losartan 25–50 mg/day; avoid Telmisartan 
(see text for TRANSCEND and PRoFESS study failures). Calcium 
antagonist not recommended as may cause heart failure.
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 If hypokalemia is observed with thiazides, amiloride. 
or spironolactone can be added; amiloride does not cause 
gynecomastia. Spironolactone has hormonal side effects 
and is not recommended by the author.
 Physicians must now recognize that all thiazide diuret-
ics are not all alike. Chlorthalidone is much more effective 
than hydrochlorothiazide (HCTZ) and others, but potas-
sium loss must be prevented.
 The ALLHAT (2002) a National Institutes of Health 
(NIH), nondrug sponsored, soundly run large RCT 
proved the safety and effectiveness of diuretic therapy. 
33,357 hypertensive patients of mean age 67 years were 
randomized to receive the diuretic, chlorthalidone, 
12.5–25 mg/day (n = 15,255), amlodipine, 2.5–10 mg/day  
(n = 9,048), or lisinopril, 10–40 mg/day (n = 9,054) with a 
follow-up of 4.9 years. There was good representation for 
women (47%) and Blacks (35%); 36% were diabetics. The 
primary outcome combined fatal CHD or nonfatal MI 
occurred in 2,956 participants, with no difference between 
treatments. All-cause mortality did not differ between groups 
but HF was noted.

 ■ Risk for HF was substantial 82% versus diuretic for the 
alpha-blocker “doxazosin” which should not be pre-
scribed for hypertension. Cardiac drug therapy (1988) 
states that “alpha-blockers are not recommended and 
in 2003 the 6th edition (Khan 2003) emphasized that 
doxazosin (all alpha-blockers) should become obsolete”. 
Yet a recent (2015) European trial on spironolactone 
compares doxazosin [Williams et al. for the Prevention 
and Treatment of Hypertension with Algorithm-based 
Therapy (PATHWAY) Studies Group Lancet 2015].

  “Chlorthalidone” proved as effective in controlling BP 
to goal levels and outcomes were similar to calcium 
antagonist or ACE inhibitor therapy (ALLHAT 2002).

 ■ Diuretics must remain the mainstay of hypertensive 
drug therapy to be used as first line for more than 
50% of individuals with mild hypertension (systolic 
between 145 mm and 170 mm).

 “Chlorthalidone” is a more powerful antihyperten-
sive agent than usual thiazides, and thus causes serious  
potassium (K+) loss. With this knowledge we can correct 
the K+ loss.

 ■ “Dosage 12.5–25 mg/day”.  The 25 mg dose should be used 
with caution because hypokalemia is a major concern; 
I advise addition of amiloride when the 25 mg is used 
and for most patients on 12.5 mg. The drug causes less 
hypokalemia in patients with mild to moderate renal 
failure [estimated glomerular filtration rate (eGFR) 
45–60] because renal failure causes hyperkalemia. A 

combination with amiloride, 5 mg, is recommended 
for patients with normal renal function to enhance 
diuresis and conserve K+.

 Chlorthalidone causes better control of BP compared 
with HCTZ (Ernst et al. 2006). The BP difference was par-
ticularly impressive in the evening hours. The reduction 
in SBP during night-time hours was 13.5–1.9 mm Hg for 
chlorthalidone versus 6.4–1.7 mm Hg for HCTZ, and was 
highly significant.
 The extremely long half-life of 40–60 hours for chlo-
rthalidone differentiates it from HCTZ, which has a much 
shorter but wider variation in half-life, from 3.2 hours 
to 13.1 hours (Chen and Chiou 1992). This plasma half-
life difference can be expected to correlate with a more 
extended effect of chlorthalidone on diuresis and possi-
bly BP. The drug has a very large volume of distribution, 
because of its extensive partitioning into red blood cells.  
This latter feature creates a hefty depot for chlorthalidone, 
allowing for a slow streaming effect with subsequent  
gradual elimination from the plasma compartment by 
tubular secretion (Riess et al. 1977). A study used 24 hours 
ambulatory BP measurements to study the effects of 25 
mg of chlorthalidone daily as compared with 50-mg HCTZ 
daily.
 Although BP levels measured during the daytime in the 
clinician’s office were similar, BP levels measured during the 
night-time and 24 hours average BPs were considerably 
lower with chlorthalidone than with HCTZ (Ernst et al. 2006). 
The author does not recommend high dose chlorthalidone 
(>25 mg daily) because hypokalemia commonly occurs 
except in patients with mild renal dysfunction in whom 
potassium is retained. When this drug is prescribed in 
patients with normal renal function I strongly advise addi-
tion of amiloride to prevent hypokalemia. Also HCTZ at 
50 mg is not advisable because of hypokalemia and meta-
bolic effects.
 Caution is needed in interpreting results of small clini-
cal trials.

Hydrochlorothiazide
Hydrochlorothiazide 12.5–25 mg daily or equivalent thia-
zide is recommended often with addition of amiloride to 
conserve potassium; 50 mg HCTZ is not recommended.

Spironolactone
 ■ In a study of over 300 people with a SBP of 140 mm Hg 

or greater and a home SBP of 130 mm Hg or greater 
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who were already taking three medications [(1) an ACE 
inhibitor or ARB, (2) a calcium-channel blocker, and 
(3) a diuretic], patients cycled through four treatments 
for 12 weeks each (spironolactone, doxazosin, biso-
prolol, and placebo). Spironolactone was associated 
with significantly greater average reductions in home 
SBP than placebo (Williams et al. 2015).

 I am surprised that an expert doing a recent trial 
would use doxazosin. This drug use has been curtailed 
since 2003 in the United States of America and Canada 
following the ALLHAT 2002 results showing that the drug 
causes a high incidence of HF.
 Alpha-blockers are contraindicated and the advice 
given in CDT 2003 is “Do not use alpha-blockers” (Khan 
2003, see Chapter 10, Drugs for the Heart).
 “Spironolactone, or amiloride” is not an effective  
antihypertensive agent and is not superior or equivalent 
to a beta-blocker as the trialists seem to indicate; it is only 
useful for some patients with resistant hypertension to 
assist the thiazide to eliminate some more sodium and 
water.
 Spironolactone without a thiazide or chlorthalidone 
would not be effective except in Conn’s syndrome.
 The authors say that the findings suggest that resistant 
hypertension may be caused predominantly by sodium 
retention; thus aldosterone antagonist should assist.  
Amiloride which does not cause breast problems in men  
is preferred in males. Spironolactone has hormonal 
adverse effects and use is curtailed except in exceptional 
circumstances; do not use if the eGFR is < 60 mL/min.
 The combination pill amilzide, or other generic name, 
contains too large a dose of HCTZ (50 mg + only 5 mg ami-
loride) available in Canada, the USA and in many coun-
tries is not recommended because the dose of 50 mg HCTZ 
is excessive. If half a tablet is taken the dose of amiloride, 
2.5 mg, is useless.
 It would be most useful to have a combination of chlo-
rthalidone 25 mg + amiloride 5 mg.

DIURETICS FOR TREATMENT OF  
HYPERTENSION IN THE ELDERLY
The results of the Systolic Hypertension in the Elderly  
Program (SHEP 1991) confirmed the effectiveness of diu-
retic (chlorthalidone) for individuals aged over 60 years.
 A group of 4,736 patients aged 60 years or more (mean 
72 years, 57% were women and 14% were Black) was  
randomized (2,365 to active treatment, 2,371 to placebo). 

SBP ranged from 160 mm Hg to 220 mm Hg, diastolic BP 
was less than 90 mm Hg. The average SBP was 170 mm Hg; 
diastolic 77 mm Hg. For step 1 of the trial, dose 1 was chlo-
rthalidone 12.5 mg/day, or matching placebo; dose 2 was 
25 mg/day. For step 2, dose 1 was atenolol, 25 mg/day, or 
matching placebo; dose 2 was 50 mg/day.
 The 5-year average SBP was 155 mm Hg for the pla-
cebo group and 143 mm Hg for the active treatment group, 
diastolic BP was 72 mm Hg and 68 mm Hg. The 5-year 
incidence of total stroke was 5.2 per 100 participants for 
treatment and 8.2 for placebo (p = 0.0003). The relative risk 
was 0.64. For the secondary end point of fatal and nonfatal 
MI the relative risk was 0.73. All-cause mortality relative 
risk was 0.87. In patients with isolated systolic hyperten-
sion, antihypertensive stepped-care drug treatment with 
low-dose chlorthalidone as step 1 medication reduced the 
incidence of total stroke by 36%. 
 HYVET (HYpertension in the Very Elderly Trial) 2008: 
Diuretics are the recommended therapy for the elderly 
except in those with bladder problems. Their effective-
ness and safety was shown in a soundly run, double-blind 
RCT of 3,845 hypertensive patients 80 years of age or older 
(Beckett et al. 2008). Stepped-care therapy began with 
indapamide with addition of perindopril as needed. At 
2 years, the trial was halted because active treatment, as 
compared with placebo, was associated with a 21% reduc-
tion in the relative risk of death from any cause, a 64% 
reduction in the relative risk of HF, and a 30% reduction in 
the relative risk of stroke (Beckett et al. 2008). 

BETA-BLOCKERS
These well-tried inexpensive agents that cause no major 
adverse effects have been dismissed by the JNC-8 (2014) 
and United Kingdom experts because of the results of 
RCTs in which the most ineffective beta-blocker, atenolol, 
showed poor results (see later discussion on atenolol and 
my recommendation to render the drug obsolete).
 There are more than 8 beta-blockers available, but of 
the 10 or more hypertensive RCTs, atenolol was the choice 
beta-blocker in more than 90% of trials.

 ■ Guideline providers in many countries including the 
US JNC-8 (2014) fail to understand that beta-blockers 
have subtle and important differences (Khan 2005). 

 ■ It must be emphasized that worldwide, up to the year 
2006, atenolol was the most prescribed beta-blocker 
and was used in most RCTs. The 6th edition Cardiac 
Drug Therapy (Khan 2003) states that “the use of  
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atenolol in clinical trials should be curtailed”. Lind-
holm et al. (2005) from a misleading meta-analysis 
stated that beta-blockers should not remain the first 
choice in the treatment of primary hypertension. 

 ■ This statement was printed on the front cover of the 
Lancet; a most embarrassing happening for the Lancet.

 ■ Bangalore et al. (2007) based on a blunderbuss meta-
analysis demoted beta-blockers to third-line therapy. 
The JNC and the UK experts believe this nonsensical 
report. In the majority of studies used in the Lind-
holm et al. meta-analysis, unfortunately, atenolol a 
most ineffective beta-blocker was administered. A 
Lancet correspondence emphasized that “by lumping 
together all randomized hypertension trials involv-
ing beta-blockers, Lars Lindholm and colleagues 
have arrived at misleading conclusions” (Cruickshank 
2006). This report made no impact; all writers proclaim 
the conclusions of Lindholm et al. and Bangalore et al. 

Trials selected by Lindholm et al. were as follows:
 ■ In IPPPSH (the International Prospective Primary Pre-

vention Study in Hypertension), oxprenolol was used 
(1985). The drug has intrinsic sympathomimetic activity 
(ISA) that renders it noncardioprotective. “Agents with 
ISA are currently obsolete”. 

 Berglund et al. trial (1986) and Yurenev et al. (1992), 
studied “only 106, and 304 patients, respectively.”

 ■ STOP-2 (Swedish Trial in Old Patients with Hyperten-
sion-2): A blunderbuss prospective, randomized trial 
in 6,614 patients aged 70–84 years with stage 2 hyper-
tension assigned conventional antihypertensive drugs 
[atenolol 50 mg, metoprolol 100 mg, pindolol 5 mg 
(pindolol is an ISA beta-blocker; that must become 
obsolete), or HCTZ, 25 mg plus amiloride 2.5 mg daily] 
or newer agents.

 ■ The Medical Research Council (MRC) trial (1985) of 
mild hypertension: This single-blind trial compared 
a diuretic versus propranolol in patients aged 35–64 
years. The rate of all CVD events was not reduced by 
bendrofluazide (now bendroflumethiazide), regard-
less of the smoking habit, or in smokers taking pro-
pranolol. Most important CVD events were reduced 
in nonsmokers taking propranolol, and the difference 
between the two drugs in this respect was significant 
(p = 0.01). Propranolol, but not diuretics, reduced the 
risk of MI by 13% that increased to a significant 18% 
when silent infarctions were included.
  In a subsequent subanalysis compared with pla-
cebo, the reduction in nonsmokers was 33%; the  

diuretic showed a reduction in strokes in smokers and 
nonsmokers. Nonsmokers given propranolol showed a 
significant decrease in strokes.
  Thus, pure beta-blocker therapy without the addi-
tion of other agents significantly reduced stroke. This 
important positive result on stroke reduction obtained 
with propranolol has been misinterpreted or ignored 
by investigators and editorialists in the field. Cigarette 
smoking increases the rate of metabolic degradation 
of propranolol, and a decrease in plasma propranolol 
levels has been shown in smokers.

 ■ The MRC (1992) was a blunderbuss RCT, the beta-
blocker used was the nonlipophilic agent, atenolol

 ◆ The MRC investigators confirmed that “over 5.5 
years, about 25% of people were lost to follow-up” 
and more than half the patients were not taking 
assigned therapy by the end of the study. 

 ◆ The cumulative percentages of patients who dis-
continued their randomized treatment, including 
both those withdrawn but continuing on follow-up 
and those lost to follow-up, were 48% of the diuretic 
group, 63% of the beta-blocker group and 50% of 
the placebo arm.

 Their erroneous conclusions of 1992 are used today 
by experts such as Bangalore et al. (2007) who regard  
beta-blockers as relatively useless for the treatment of 
hypertension. The results of this blunderbuss trial were as 
follows:

 ■ There was no difference in total mortality between  
atenolol and diuretic therapy; surprisingly, however,  
diuretics reduced CHD events, but atenolol did not 
(perhaps we should use diuretics to reduce CHD 
events base on this spurious result).

 ■ Diuretics do not prevent heart attacks; this is the only 
RCT that purports to that notion.

 ■ The diuretic group had a modest reduced risk of stroke 
(p = 0.04). Atenolol the poorly effective but favorite 
beta-blocker of trialists showed no significant reduc-
tion in risks of stroke but the drug was administered 
once daily; atenolol is a drug that sometimes should be 
given twice daily because of an inconsistent 24-hour 
action.

 ■ The lack of a 24-hour action and weak antihyperten-
sive effects for atenolol have been overlooked by most 
trialists who selected atenolol as their favorite beta-
blocker trial drug between 1980 and 2005.

 ■ Messerli et al. (1998) included the spurious result of the 
MRC (1992) trial in a meta-analysis. They concluded 



Practical Cardiology36

that beta-blockers should not be first-line therapy for 
elderly hypertensives.

 ■ This misleading information is quoted by virtually all 
physicians who state in peer-reviewed journals and 
in textbooks that beta-blockers should not be used as 
first-line therapy in patients over age 65 years.

 ■ A rebuttal was made by Kendall and Cohen: “The sys-
tematic review by Dr Messerli and colleagues based 
on 10 published studies concluded that diuretics are 
effective antihypertensive drugs, whereas beta-blockers 
should no longer be considered to be appropriate first-
line therapy for uncomplicated hypertension in the 
elderly. On the basis of the data presented, the first 
conclusion is quite acceptable, whereas the second is 
not” (Kendall and Cohen 1999). Rebuttal letters, how-
ever, are a very small voice. Thus, virtually all textbooks 
and experts in the field quote this misleading study as 
the reason for not prescribing beta-blockers to elderly 
hypertensives.

Reasons for Atenolol Poor Efficacy
Atenolol is a hydrophilic beta-blocker that attains low 
brain concentration. Increased brain concentration and 
elevation of central vagal tone confer cardiovascular pro-
tection (Pitt 1992). Lipid-soluble beta-blockers (bisoprolol, 
carvedilol, metoprolol, propranolol and timolol) have all 
been proven in large RCTs to significantly decrease  cardiac 
deaths. These beta-blockers attain high brain concentra-
tion, block sympathetic discharge in the hypothalamus 
better than water-soluble agents (atenolol and sotalol) 
(Pitt 1992). Timolol in the Norwegian trial (1981) caused 
an astounding 67% reduction in sudden cardiac deaths.  
These agents have been shown to quell early morning  
catecholamine surge and control early morning and exer-
cise-induced excessive rise in BP better compared with 
atenolol (Neutel et al. 1993; Kokkinos et al. 2006).
 It is surprising that the experts who construct 
 hypertensive guidelines fail to understand the subtle but 
important differences that exist between the available  
beta-blocking agents (Khan 2005).
 Äblad et al. (1991), in a rabbit model, showed that 
although metoprolol (lipophilic) and atenolol (hydro-
philic) caused equal beta-blockade, only metoprolol 
caused a reduction in sudden cardiac death. Metoprolol, 
but not atenolol, causes a significant increase in RR inter-
val variation, and thus a favorable alteration in sympa-
thetic tone.

Beta-blockers Recommended
The beta-blocking drugs have important subtle differences 
(Khan 2003, 2007). The following guidelines are recom-
mended regarding which beta-blocker to choose.

Timolol 
 ■ This β-1 and β-2 agents caused a 67% reduction in 

sudden deaths in the Norwegian MI study (1981) and 
decreased total mortality and nonfatal infarction. 

 ■ Most important, only lipophilic agents with both β-1 
and β-2 activity have shown these remarkable reduc-
tion in cardiac events.

 ■ Most physicians worldwide prescribe cardioselective 
agents; an error made by most experts who advise the 
profession.

 ■ A once daily formulation would be an advance. 
 ■ The drug unfortunately is not often used in the US  

perhaps because the study is lost in the archives. 

Propranolol 
This remarkable drug is fortunately still used because it 
has indications not given for other beta-blocking drugs. 
It reduced sudden deaths and total mortality in the BHAT 
(Beta-blocker Heart Attack Trial) MI RCT (1982). 

 ■ The drug is effective but not in smokers.
 ■ This drug is advisable at doses 120–240 mg/day; do not 

use 320 mg. Combine it with another drug when the 
dose is 120 mg once daily long-acting formulation.

 ■ In patients with chronic obstructive pulmonary  
disease (COPD) prescribe bisoprolol 2.5 mg, 5 mg,  
10 mg once daily; or metoprolol 50 mg twice daily or 
long-acting 50–100 mg once daily.

Calcium Antagonists
Calcium antagonists are the most effective antihyperten-
sive agent available when used as monotherapy depend-
ing on the age and ethnicity of the individual. Calcium 
antagonists are not recommended in patients with acute 
MI for at least 3 months post and patients with acute or 
compensated HF.
 Caution: Use for treatment of hypertension only if there 
is no past history of HF, and left ventricular function is  
normal ejection fraction (EF) is equal to or more than 45%.
 “They are especially recommended” for the following 
situations:
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 ■ In older individuals of African origin or if diuretics are 
contraindicated or cause adverse effects 

 ■ In younger Africans if beta-blockers are contraindi-
cated or not well tolerated

 ■ As second-line therapy in combination with beta-
blockers or other agents in patients with angina or 
renal dysfunction, or

 ■ For hypertension uncontrolled with a combination of 
beta-blocker and diuretic.

 Caution: Calcium antagonists are used with caution in 
the following situations: 
 Patients within a few months after MI.

 ■ Patients with hypertension and diabetes: RCTs have 
shown an increase in mortality in patients treated with 
short-acting and extended-release calcium antago-
nists.

 ■ Patients with HF, LV dysfunction, or EF less than 45%. 
The INSIGHT (Intervention as a Goal in Hypertension 
Treatment) trial (2000) showed nifedipine equivalent 
to diuretic in preventing stroke, but it increased the 
risk of HF significantly (46%).

 ◆ In the Multicenter Diltiazem Postinfarction Trial of 
non-Q-wave MI (PRAISE 1988), diltiazem signifi-
cantly increased the risk of HF.

 ◆ An RCT with nisoldipine in patients with hyperten-
sion and noninsulin-dependent diabetes was ter-
minated early because nisoldipine-treated patients 
had a higher risk of fatal and nonfatal acute MI than 
observed in the enalapril group: 25/235 vs 5/235  
(p < 0.001).

 ◆ Verapamil long acting is not recommended: It  
should not be used in patients with acute MI, 
cardiomegaly, or LV dysfunction. Also avoid in 
HF, conduction defects and sick sinus syndrome. 
 Constipation and bradycardia are limiting consid-
erations, particularly in patients aged more than 70 
years. Combination with a beta-blocker is contrain-
dicated. 

 ◆ Amlodipine 2.5–5 mg/day, maximum 7.5 mg  
(10 mg/day only in perfectly normal hearts). 
Patients aged older than 75 years start with 2.5 mg 
maximum 5 mg (rare 7.5 mg/day if no alternative). 
Leg edema may be bothersome. 10 mg may precipi-
tate heart failure.

 ◆ Diltiazem long acting controlled release 180 mg/
day maximum 240 mg/day; avoid if EF less than 
45%; do not use short acting 30 mg and 60 mg  
formulations.

 Caution: Short-acting calcium antagonists formula-
tions are not recommended.

ANGIOTENSIN-CONVERTING ENZYME 
INHIBITOR OR ANGIOTENSIN RECEPTOR 
BLOCKER
Note that an ACE inhibitor or ARB is not chosen as first line 
because these agents cause BP control in only approxi-
mately 40%; and need the addition of diuretic to achieve 
approximately 66% control. They are weak antihyperten-
sive agents that are most overused. Most important they 
cause cough in more than 20% and angioedema occurs in 
approximately 0.5–1% requiring ER visits and deaths have 
occurred; this serious problem is more common in Blacks 
and probably East Indians.
 Caution: ARBs do cause cough in approximately 5% 
cases and cause angioedema in approximately 0.2% cases; 
they should not be given if angioedema has occurred with 
an ACE inhibitor.

Angiotensin Receptor Blockers are 
Much Touted Antihypertensive Agents

 ■ Telmisartan failed in two soundly run clinical tri-
als. Although telmisartan was shown in ONTARGET 
(Ongoing Telmisartan Alone and in Combination 
With Ramipril Global End Point Trial) (2008) to be as 
effective as ramipril, the drug failed to prevent HF in 
TRANSCEND (2008) and failed to prevent strokes in 
PRoFESS (2008). ARBs and ramipril like other ACE 
inhibitors are suspected and are over prescribed. 

 ■ In ONTARGET at a median follow-up of 56 months, 
the primary outcome was reported in 1,412 patients in 
the ramipril group (16.5%) and in 1,423 patients in the 
telmisartan group (16.7%); telmisartan was equivalent 
to ramipril in this study. This is a blunderbuss study 
because there is no control group. We cannot take it  
for granted that ramipril is a very effective drug,  
representing ACE inhibitors. The combination of the 
two drugs was associated with more adverse events 
with no improvement in outcomes (ONTARGET Inves-
tigators 2008).

 ■ The HOPE (Heart Outcomes Prevention Evaluation) 
study is flawed because only a few patients received 
cardioprotective agents (statins non-enteric-coated 
aspirin and beta-blockers).
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 The drug is useful in high risk IHD patients: In high-risk 
patients, ramipril 10 mg given for 4.5 years caused a 22% 
reduction in the primary outcome of MI, stroke, or death 
from cardiovascular causes.

 ■ Total mortality for ramipril was 482 vs 569 for  
placebo, a modest 15.3% reduction (p = 0.005).

 ■ Myocardial infarction 459 versus 570, p < 0.001; stroke 
156 vs 226, p < 0.001; death from cardiovascular causes 
282 vs 377, p < 0.001; noncardiovascular causes 200 vs 
192 (HOPE investigators 2000).

 ■ Angiotensin-converting enzyme inhibitors have a role 
in patients at high IHD risk and in those with CHF or 
ventricular dysfunction.

 ■ There is no good reason to overprescribe them for low-
risk hypertensive patients.

 Weinsaft (2000) offered appropriate criticisms “unfor-
tunately in HOPE, the population studied was one in 
which a considerable number of high-risk patients were 
being treated with suboptimal ACE inhibitors or ARBs 
medication regimens, according to current treatment 
guidelines.” Of the total treatment population, 65.4% had 
hyperlipidemia, but only 28.4% were taking lipid-lowering 
agents. In addition, “whereas 51.9% had a documented MI 
and 54.8% had a history of stable angina and 25% had an 
unstable angina, only 39.2% were taking beta-blockers”; 
only 75% received aspirin (Weinsaft 2000). Enteric-coated 
aspirin was administered. An error made by many when 
prescribing aspirin. Soft chew must be used and enteric-
coated should become obsolete (Khan 2007); this formu-
lation is not as effective as soft noncoated aspirin.
 In the LIFE (Losartan Intervention for Endpoint reduc-
tion in hypertension) study, 204 losartan and 234 ateno-
lol patients died from CVD (p = 0.206); a nonsignificant 
change in cardiovascular death. MI (nonfatal and fatal) 
occurred in 198 and 188, respectively (p = 0.491), a nonsig-
nificant finding (Dahlöf et al. 2002) in the large Captopril 
Prevention Project (CAPP 1999) study of captopril versus 
diuretic and beta-blocker, “fatal and nonfatal stroke was 
increased in the captopril group” (p = 0.044), with no sig-
nificant differences in other events.

Cancer Risk with  
Angiotensin-receptor Blockers 
Angiotensin-receptor blockers are associated with a 
modestly increased risk for cancer, according to a meta-
analysis published in the Lancet Oncology. Researchers, 
examining data from five randomized trials comprising 

nearly 62,000 patients, found that those taking ARBs (85% 
were using telmisartan) had a significantly greater risk for 
new cancer than did controls (7.2% vs 6%). When cancer 
type was analyzed, only lung cancer risk was significantly 
increased. The authors estimate that 143 patients would 
need to be treated for roughly 4 years for one excess can-
cer to occur (Sipahi et al. 2010). In an accompanying com-
mentary, Nissen (2010) states that until we have more data, 
clinicians “should use ARBs, particularly telmisartan, with 
greater caution”. He recommends reserving the drugs for 
patients who cannot tolerate ACE inhibitors. Olmesartan 
caused more deaths than placebo in two large RCTs (Imai 
et al. 2011).
 Caution: ACE inhibitors used to treat other cardiac  
disorders are also fraught with danger and this informa-
tion relates to hypotension and increase mortality and 
morbidity.
 Angiotensin-converting enzyme inhibitors prior to 
coronary bypass surgery: In a retrospective, observational, 
cohort study of prospectively collected data on 10,023 
consecutive patients undergoing coronary artery bypass 
 grafting (CABG), 3,052 patients receiving preoperative 
ACE inhibitors were matched to a control group by pro-
pensity score analysis. Rate of mortality was 1% (Miceli et 
al. 2009). Preoperative ACE inhibitor therapy was associ-
ated with a doubling in the risk of death (1.3% vs 0.7%; 
p = 0.013). There was a significant difference between 
the ACE inhibitor group and control group in the risk of 
postoperative renal dysfunction (PRD) (7.1% vs 5.4%; p = 
0.006), AF (25% vs 20%; p < 0.0001), and increased use of 
inotropic support (45.9% vs 41.1%; p < 0.0001). In a multi-
variate analysis, preoperative ACE inhibitor treatment 
was an independent predictor of mortality (p = 0.04), PRD 
(p = 0.0002), use of inotropic drugs (p < 0.0001) and AF  
(p < 0.0001).
 Caution: Preoperative treatment with ACE inhibitor 
is associated with an increased risk of mortality, use of 
inotropic support, PRD and new onset of postoperative 
AF (Miceli et al. 2009). Bach (2009) makes the following 
points: suspending ACE inhibitor therapy before CABG 
and restarting it postoperatively might improve early  
surgical outcomes, while retaining the long-term cardio-
protective effects of therapy. This study, however, comes 
in the context of several others suggesting similar conclu-
sions regarding long-term ACE inhibitor therapy. Bach 
(2009) emphasized that the EUROPA (European Trial on 
Reduction of Cardiac events with Perindopril in Stable. 
Coronary Artery Disease) study found that 50 patients 
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would need to be treated for 4 years to prevent one major 
cardiac adverse event (the EUROPA study 2003). 

 ■ The ACE inhibitor Myocardial Infarction Collaborative 
Group found that only five lives would be saved per 
1,000 patients treated with ACE inhibitor therapy and 
that therapy was associated with a twofold incidence 
of both persistent hypotension and renal dysfunction 
(ACE inhibitor Myocardial Infarction Collaborative 
Group 1998). 

 ■ Enalapril, 10–15 mg twice daily lisinopril 5, 10–30 mg 
once/day

 ■ “Angiotensin receptor blockers appear to be somewhat 
less effective than ACE inhibitors”

 ■ Candesartan 8–16 mg/day; maximum 32 mg
 ■ Losartan 25–50 mg daily; maximum 100 mg
 ■ Irbesartan 150–300 mg/day.

ALPHA-BLOCKERS
Alpha-blockers (Doxazosin and similar) “are not recom-
mended agents” because they cause HF (ALLHAT 2000). 

SEVERE SYSTOLIC HYPERTENSION
Severe systolic hypertension more than 190 most of the 
time; three drug combination necessary: 

 ■ Amlodipine 5–7.5 mg titrate to 10 mg (if EF > 45%) + 
diuretic, preferably chlorthalidone with amiloride to 
retain potassium + ARB; if not controlled add bisopro-
lol 5–10 mg/day.

 ■ Many will need amlodipine + bisoprolol (or ACE inhi-
bitor/ARB + diuretic + amiloride or spironolactone 
with serum K+ monitoring to be less than 5 mmol/L). 

RESISTANT HYPERTENSION

Causes
Drugs: Corticosteroids, nonsteroidal anti-inflammatory 
drugs (NSAIDs), decongestants, anorectics, ampheta-
mines, cyclosporine, tacrolimus, cocaine and illicit drugs, 
oral contraceptive hormones, and erythropoietin. Sub-
stances include excess alcohol, herbal supplements such 
as ginseng, yohimbine, ma huang, bitter orange and 
licorice stimulate mineralocorticoid production. 

 ■ Renal artery stenosis (although rare) can cause accel-
erated resistant hypertension (Calhoun et al. 2008)

 ■ Increased salt intake
 ■ Poor drug compliance or inappropriate drug 

 ■ Patients treated with triple therapy—ACE inhibi-
tor, calcium antagonist, and beta-blocker—without a 
 diuretic.

 A diuretic, particularly chlorthalidone and either 
spironolactone or amiloride is needed. Chlorthalidone 
should be considered as one of the initial agents (Vong-
patanasin 2014). An American Heart Association (AHA)  
scientific statement (Calhoun et al. 2008) and a review arti-
cle cover this topic in depth (Sarafidis and Bakris 2008).

 ■ Spironolactone was associated with significantly 
greater average reductions in home SBP than placebo 
(8.7 mm Hg), doxazosin (4.0) and bisoprolol (4.5)  
(Williams et al. 2015) (see earlier discussion and criti-
cisms of the study under diuretics). Caution: hyper-
kalemia is a dangerous condition; do not use the drug 
if eGFR is <50 mL/min.

 ■ Glomerular filtration rate is 40–50 mL/min, chlortha-
lidone is more effective than HCTZ. 

HYPERTENSIVE CRISIS
Hypertensive emergency is defined as a severe sudden  
eleva  tion in BP, generally diastolic more than 120–130 mm 
Hg and/or systolic more than 220 mm Hg. The systolic 
pressures should reflect a knowledge of previous BPs, such 
as a rise within days from 160–170 to more than 220 mm Hg 
systolic; the rate of rise of BP in relation to previous BP is 
more important than the absolute BP. The sudden exces-
sive elevation in BP should be associated with acute organ 
damage or dysfunction, which confers an immediate 
threat to the integrity of the cardiovascular system and to 
life. In aortic dissection or acute pulmonary edema, a BP of 
200/110 mm Hg must be reduced.
Conditions associated with emergencies:

 ■ Accelerated malignant hypertension
 ■ Acute coronary insufficiency 
 ■ Acute pulmonary edema [left ventricular failure (LVF)] 
 ■ Acute renal dysfunction 
 ■ Aortic dissection 
 ■ Catecholamine crisis 
 ■ Eclampsia
 ■ Hypertensive encephalopathy 
 ■ Subarachnoid hemorrhage 
 ■ Perioperative hypertension.

 Severe elevation of BP with papilledema and/or 
microangiopathic hemolytic anemia, encephalopathy, or 
renal dysfunction require reduction in BP within minutes 
by intravenous (IV) therapy.
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 The goal is to produce an immediate but modest 
reduction in BP to achieve no greater than a 20% reduction 
from baseline of the mean arterial pressure or to reduce 
the diastolic BP to 110 mm Hg and no less than 100 mm Hg 
over a period of several minutes to several hours. 
 Blood pressure is maintained at this level for a further 
12–24 hours; then oral therapy should start and a decision 
made as to the necessity for further lowering of BP. 
 But with aortic dissection, BP must be reduced to a 
much lower level along with the use of a beta-blocking 
agent to decrease the rate of rise of aortic pressure. 
 Caution: Nitroprusside and labetalol have caused  
precipitous reductions in BP, resulting in cerebral and 
myocardial ischemia and/or MI.

Hypertensive Urgencies
Situations in which markedly elevated BP is controlled 
within a day or two, rather than within minutes using oral 
drug:

 ■ BP systolic more than 220 mm Hg, diastolic more than 
120 mm Hg; decrease to 180/100 mm Hg 

 ■ Presence of papilledema but without acute deteriora-
tion of specific organ systems 

 ■ Progressive but not acute target organ damage, as  
outlined earlier for hypertensive emergencies

 ■ Rebound hypertension, e.g. after withdrawal of 
methyldopa, clonidine, or DHPs. If stroke, decrease 
only to 180/105 mm Hg. 

 ■ Refractory hypertension: Diastolic BP more than 120 
mm Hg, no acute complications; try first on oral anti-
hypertensive therapy and sedation plus furosemide 
40–80 mg IV; this is necessary if the history suggests 
that volume expansion is present; with renal failure, 
volume overload is usually present.

Sodium Nitroprusside
Give IV administration by infusion pump only, avoiding 
extravasation. Wrap the infusion bottle in aluminum foil 
or opaque material to protect it from light.
 Prepared solution must be used within 4 hours. One 
vial (50 mg) sodium nitroprusside in 500 mL 5% dextrose = 
100 μg/mL.
 Start the infusion at the lower dose range (0.5–1 μg/kg/
min) and adjust in increments of 0.2 μg/kg/min, usually 
every 5 minutes until the desired BP reduction is obtained. 

 ■ The average dose is 3 μg/kg/min (range = 0.5–8 μg/ 
kg/min)

 ■ Oral antihypertensive agents should be started imme-
diately so that the patient can be weaned from nitro-
prusside as quickly as possible.

 Nitroprusside is a potent, rapidly acting, IV antihy-
pertensive agent. The hypotensive effects are caused by 
peripheral vasodilation and reduction in peripheral resis-
tance partly through nitric oxide. Variable reflex tachy-
cardia occurs. The drug’s effect is immediate (within 
0.5–2 minutes) and usually ends when the IV infusion has 
stopped. The brief duration of drug action is the result of  
its rapid biotransformation to thiocyanate. 

Contraindications
 ■ Hepatic failure: Compensatory hypertension, such as 

arteriovenous shunt or coarctation of the aorta, cor-
rected hypovolemia or severe anemia.

 ■ Abnormalities of cyanide metabolism: Leber’s optic 
atrophy and tobacco amblyopia

 ■ Malnutrition, vitamin B12 deficiency and hypothyroid-
ism

 ■ Severe renal failure and inadequate cerebral circula-
tion; caution is necessary in pregnancy.

 ■ Raised intracranial pressure.
 Fatalities have resulted from cyanide poisoning. In 
the presence of liver disease, cyanide levels increase with 
evidence of metabolic acidosis, so it is necessary to meas-
ure cyanide levels. If kidney disease exists, thiocyanate 
levels must be monitored, especially if treatment is to 
be extended for more than 2 days. Acceleration of infu-
sion from an accident or faulty equipment and failure to 
monitor the BP accurately have all been associated with 
hypotension and shock. Retrosternal chest pain and pal-
pitations may also be experienced. Methemoglobinemia 
has been reported. Hydroxocobalamin decreases cyanide 
levels and may be useful to increase the margin of safety. 
Rebound hypertension can be a problem.
 Management of adverse effects: Amyl nitrite inhalations 
and IV sodium thiosulfate are used to treat acute cyanide 
poisoning. Nitrites form methemoglobin, which combines 
with cyanide ions to form relatively nontoxic cyanmethe-
moglobin.

Labetalol
Dosage: A 20–80 mg bolus dose over at least 1 minute, 
repeat after 5 minutes, then every 10–15 minutes if needed 
to maximum 200 mg.
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 IV infusion of 20–160 mg/hour (2 mg/min) under close 
and continuous supervision is given slowly to obtain the 
desired BP reduction. The onset of action is 5–10 min-
utes, and the duration is 3–6 hours. The patient must be 
recumbent throughout the infusion and for at least 4 hours 
afterward. The hypotensive effect may last 1–8 hours after  
cessation of the infusion. Thus, labetalol is not as predict-
able as nitroprusside. Alternatively, bolus injections are 
used, starting with a 20-mg dose and gradually increasing 
the dosage every 10 minutes to a maximum of 80 mg bolus. 
Excessive bradycardia can be managed with IV atropine 
sulfate 0.6–2.4 mg in divided doses of 600 μg.
 Hypertensive crisis of pregnancy: Labetalol 20 mg/hour, 
doubled every 30 minutes; usual maximum 160 mg/hour. 
 Hypertension complicating MI: Labetalol 15 mg/hour, 
gradually increased to maximum 120 mg/hour labetalol 
is a very useful drug for the management of hypertensive 
emergencies. The drug is especially useful for crises associ-
ated with dissecting aneurysm, renal failure, hypertensive 
encephalopathy, eclampsia and clonidine withdrawal, as 
well as in malignant hypertension and in some patients 
with pheochromocytoma.
 Perioperatively and postoperatively, such as during 
neurosurgery for clipping aneurysms and in ear surgery 
 Adverse effects include bronchospasm, nausea, vomit-
ing, orthostatic hypotension and rarely hepatic necrosis.

Hydralazine
Dosage: 10–20 mg. Hydralazine intramuscularly, but pref-
erably by IV infusion, is indicated for hypertensive emer-
gencies, particularly if the condition is associated with 
renal failure or pre-eclampsia.

 ■ Test dose is 10 mg followed in 30 minutes by an IV infu-
sion of 10–20 mg/hour, depending on the response

 ■ Maintenance dose of 5–10 mg/hour is recommended 
with continuous monitoring of heart rate and BP

 ■ Oral hydralazine is commenced within 24 hours,  
100–200 mg daily

 ■ If there is no contraindication to beta-blockers, pro-
pranolol is given IV 1–4 mg and then orally 120–240 
mg daily in addition (or the equivalent dose of another 
beta-blocker).

 ■ Furosemide 40 mg IV followed by oral HCTZ or furo-
semide greatly improves the control of BP. Hydralazine 
is contraindicated in patients with IHD and aneu-
rysms, in particular dissecting aneurysm, because the 
drug increases cardiac ejection velocity and the rate of 
rise of aortic pressure can cause aneurysm rupture.
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INTRODUCTION
Despite the advent of sophisticated and expensive cardio-
logic tests, the electrocardiogram (ECG) remains the most 
reliable and inexpensive tool for the confirmation of acute 
myocardial infarction (MI), the commonly occurring atrial 
fibrillation and a host of other diagnoses not made by 
other advanced technologies.

 ■ The results of this simple test (not the highly touted 
troponins, the echocardiogram, the single-photon 
emission computed tomography scan, or the positron 
emission tomography scan, and MRI)—dictate the 
rapid treatment with lifesaving thrombolytic agents, 
or percutaneous coronary intervention (PCI): deploy-
ment of coronary stents.

 ■ The clinical diagnosis of pericarditis or myocardial 
ischemia can be confirmed only by ECG findings. 
The ECG has no rival for the diagnosis of arrhythmia, 
which is one of the most common on-call problems in 
cardiology.

 ■ The ECG provides information not readily obtained by 
other methods.

 ■ The correct interpretation of the ECG is vital to thera-
peutic decision-making.

 Because the electrical axis and the T waves of the ECG 
have little effect on diagnosis and do not alter therapeutic 
decisions, discussions of these topics occur later in this 
chapter, and abnormalities that can be confirmed from the 
ECG tracing are discussed first.
 To obtain a clear understanding of the ECG diagnosis, 
the physician must become familiar with the following:

 ■ The genesis of the normal QRS complex, which simpli-
fies the recognition of acute or previous MI, right bun-
dle branch block (RBBB) or left bundle branch block 
(LBBB), fascicular blocks (hemiblocks), hypertrophy 
of cardiac chambers.

 ■ The status of the ST segment.
 ■ Abnormal heart rhythms, arrhythmias.

GENESIS OF THE QRS COMPLEX
 ■ The ECG picks up the heart’s electrical impulses that 

stimulate the heart to contract. These impulses origi-
nate from the sinoatrial node. The spread through both 
atria produces the P wave of the ECG (Fig. 5.1).

   The impulse is slowed briefly in the atrioventricular 
(AV) node, then progresses rapidly down the His bun-
dle, the left and right bundle branches, and Purkinje 
fibers of the ventricular myocardium. The passage of 
the impulses causes depolarization of the myocardial 
cells.

 ■ The QRS complex is caused by spread of the elec-
trical impulses through the ventricular muscle (i.e.  

Fig. 5.1: Sodium influx, potassium efflux, the action potential and 
the ECG.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phila-
delphia: WB Saunders, Elsevier Science; 2006, p. 51, Figure 5.1.

ECG Interpretation Made Easy
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depolarization or activation of the ventricular muscle) 
and coincides with the beginning of ventricular con-
traction. Depolarization spreads down the septum 
toward the apex of the heart, along the free wall of the left  
ventricle from endocardium to pericardium.

 ■ The ECG picks up the depolarization sequence 
recorded as the QRS complex (Fig. 5.1; the T wave  
represents ventricular repolarization).

 ■ Figures 5.2A to C show normal ECGs. Note: For accu-
rate interpretation, it is important to first verify age  
and sex before perusal of an ECG tracing.

 ■ Reversed arm leads: A not uncommon error made 
by technicians is the placement of the right arm lead 
on the left arm. Note lead I and aVL looks like aVR  
(Fig. 5.2D), but should not be mistaken for dextrocardia 
in which R waves from being tall in V1, V2 diminish to  
negligible 1–2 mm in V5 and V6 as the heart is in the 
right chest and distance away from V6.

 ■ Sinus tachycardia is the most common cause for a rate 
of 110–125 beats/min (Fig. 5.2E). Figure 5.2F shows 
prolonged PR interval indicative of first degree AV 
block.

 Figure 5.2F shows the ECG pattern in reversed arm 
leads.
 In dextrocardia (Fig. 5.2G ) lead I, aVL and aVR would 
look similar as shown in Figure 5.2F but the chest leads will 
show smaller and smaller R waves from V1 to V6, because 
there is no heart muscle in the left chest.
 Table 5.1 gives important normal ECG intervals and 
parameters.

 ■ Except for arrhythmia diagnoses in which P waves give 
vital information, the QRS complex and ST segment 
are the two most important diagnostic components of 
the ECG.

 ■ Knowledge of the normal sequence of depolarization 
or activation of the ventricles is crucial to the under-
standing of normal and abnormal QRS complexes.

Figs. 5.2A and B

A

B
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C

E
Figs. 5.2C to E

D
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Figs. 5.2A to G: (A) Normal ECG; Female, age 55, normal ECG. P waves and QRS positive upward deflections in lead I and AVL; nega-
tive in lead AVR. (B) Female aged 61; note T inversion V1, V2 a not uncommon variant in ~10% of females, the ST-T change may extend 
to V3. (C) A 25-year-old male; ST elevation V2, V3: note fishhook deformity in commencement of the ST segment commonly seen with 
normal variant ECG. (D) Reversed arm leads; P wave negative in 1, aVL with negative complexes. P wave positive in aVR with QRS 
positive. V5 V6 normal tall R waves and the ECG complexes in lead I and V6 are dissimilar: not dextrocardia. (E) Sinus tachycardia ~110 
beats/min. (F) Shows, prolonged PR intervals: first degree AV block; (G) Dextrocarida: negative complex in lead I aVL: postive, upright 
in lead ARV; importantly a 2–7 mm positive R wave in V1 decreases in amplitude and is absent in V3 to V6 because of the absence of 
left ventricular muscle mass.

F

 ■ Understanding the genesis of the QRS complex and 
focusing on the ST segment are the keys to the recog-
nition of the following:

 ◆ The most important components of the normal 
ECG

 ◆ Normal variants
 ◆ Abnormalities caused by conditions such as MI, 

ischemia, conduction disturbances, and ventricular 
hypertrophy

 ■ Each activated area of the heart can be represented by 
a vector force.

 ■ The direction of the resultant force can be represented 
by an arrow, the length of which represents the magni-
tude of the force (Fig. 5.3).

 ■ The term “vector” does not imply vectorcardiography; 
the term explains how the QRS complex is produced 
and helps explain abnormalities of the QRS complex. 

 ■ The correct diagnosis of acute and previous MI, LBBB 
and RBBB, hemiblocks, and ventricular hypertrophy 
depends on knowing the resultant vectors contributing 
to the components of the QRS complex. A vector simply 
describes a force in terms of its duration and magnitude.

G
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The following two caveats apply:
1. An electrical impulse traveling toward an electrode 

produces a positive deflection or R wave (Fig. 5.3). 
2. When the impulse is traveling away from the electrode, 

a negative deflection is produced and is recorded as a 
small Q wave or an S wave.

 Three resultant vectors dictate the inscription of the 
QRS complex.
 Vector I: The ventricular septum is stimulated from left 
to right. 

 ■ An electrode or lead positioned over the right ventricle 
(V1) faces the wave of excitation and records a positive 
R wave (Fig. 5.3).

 ■ Because the force of the excitation wave is small, the 
positive deflection is small. The R wave recorded in 
leads V1 and V2 of a normal ECG is small and ranges 
from 1 to 4 mm in lead V1 to 1–7 mm in lead V2. 

 ■ The excitation wave or current [indicated by vector  
(V1)] flows in a direction away from leads V5 and 
V6 (Fig. 5.3) and results in a small negative deflec-
tion and a Q wave in leads V5 and V6 and may be 
observed in lead I.

 Vector II: After septal activation, both ventricular walls 
are activated simultaneously.
 The electrical force rapidly activates the thin-walled 
right ventricle, but the magnitude of the forces is small 
compared with the forces in the thick left ventricular free 
wall. The resultant force, vector II, is directed through the 
center of the left ventricular free wall (Fig. 5.3). The result-
ant force can be represented by an arrow directed toward 
the left, either upward or downward depending on the 
position of the heart.

 ■ An electrode positioned over the left ventricle (V5 and 
V6) records a positive wave (i.e. an R wave caused by 
the resultant electrical force), which is represented as 
vector II and is directed to the left toward the electrode 
over the left ventricle.

 ■ Simultaneously, the force travels away from the elec-
trode overlying the right ventricle (V1, V2) and records 
a negative deflection, an S wave in V1 and V2. 

 ■ The larger the left ventricular muscle, the taller the R 
wave in leads V5 and V6, and the S wave in leads V1 
and V2 becomes deeper as seen with left ventricular  
hypertrophy (LVH) (Figs. 5.4A to C).

 ■ Vector II is reflected by a positive deflection, an R  
wave in leads I and II.

QRS Normal Variants and Abnormalities
Variations in the normal QRS configuration are depicted 
in Figure 5.5.

Fig. 5.3: Vectors I, II, and III underlie the genesis of the QRS 
complex.
V (I) = vector I produces a small R wave in leads V1 and V2 and 

a small Q wave in leads V5 and V6
V (II) = vector II produces an S wave in lead V1 and an R wave in 

lead V5 or V6
V (III) = vector III produces the terminal S in leads V5 and V6 and 

the terminal r or r′ in leads V1, V2, and aVR
V1 = lead V1 electrode
V6 = lead V6 electrode
R = right ventricle muscle mass
S = septum

Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phil-
adelphia: WB Saunders, Elsevier Science; 2006, p. 53, Figure 5.3.

Table 5.1: Important ECG intervals and parameters.*
Interval Parameter

PR  
interval
P waves

0.12–0.20 sec (rarely 0.24 sec)
<3 small squares in duration and amplitude;
upright lead I, inverted lead aVR (if opposite,
suspect reversed arm leads or dextrocardia)

QRS 
complex
Q waves

0.04–0.10 sec
Normal in lead aVR
Often lead III: should be ≤0.04 sec in duration and 
≤7 mm deep
Other leads: <0.04 sec in duration and ≤3 mm
deep; 5 mm deep in individuals <25 years old

R waves V1: 0–7 mm, 20-70 years old
V2: 0.2–10 mm
V3: 2–20 mm

ST  
segment

Isoelectric or <1-mm elevation in limb leads;
<2 mm in precordial leads except for
normal variant

T wave Inverted in lead aVR; upright in leads I, II, and V3
to V6; variable in leads III,
aVF, aVL, V1, and V2

Axis 0–110 degrees, <40 years old
−30 to 90 degrees, >40 years old

QT  
interval

0.36–0.46 sec, heart rate 45–65 beats/min
0.33–0.43 sec, heart rate 66–100 beats/min
<0.33 sec, heart rate >100 beats/min

*ECG paper speed of 25 mm/see.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition.  
Philadelphia: WB Saunders, Elsevier Science; 2006.



ECG Interpretation Made Easy 49

 If the heart undergoes strong clockwise or counter-
clockwise rotation, marked changes in QRS morphology 
may occur. Failure to recognize these normal variants may 
result in the incorrect interpretation of the ECG.

 ■ Small Q waves are found in normal ECGs in leads V5 
and V6 and lead I; normal changes in the position of 
the heart may cause small Q waves in leads V3, 111, 

Figs. 5.4A to C: (A) The contribution of vector II to the ECG features of left ventricular hypertrophy. The thicker the left ventricular mus-
cle, the greater the magnitude of vector II, and the deep S in lead V1 and tall R wave in leads V5 and V6. The T wave has a gradual 
descending and a steep ascending limb “strain pattern”. (B) Tall R waves lead V5, V6 from left ventricular hypertrophy with typical ST-T 
deformity. (C) ECG from a 73-year-old man. S V1 + R V6 >35 mm, R aVL + S V3 > 28 mm, and ascending limb of the ST segment is 
steeper than the descending limb (strain pattern) in V4 to V6: left ventricular hypertrophy.
Source: (A) From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 78, Figure 
5.23. (C) p. 79, Figure 5.24.

A B C

aVF and aVL, and with extreme counterclockwise rota-
tion, small narrow Q waves may occur in leads V1 to V6.

 The brief introduction given above should assist in 
accepting a new method for ECG interpretation.

A METHOD FOR ECG INTERPRETATION
Step 1: Note age and sex as this influences the final diagnosis 
(Figs. 5.6A to C).
 Assess for rhythm, then the rate; rhythm is assessed 
before rate, because it is clinically more important, and a 
normal rate of 60–100 beats/min is easily spotted.
 Step 2: Assess for QRS intervals for blocks. Lead V1 is 
ideal for verifying rSr’, RSr’, rSR' and rSR’, in V1 or V2: pat-
tern (Figs. 5.7A and B) and QRS duration above 115 ms  
suggests RBBB a very common ECG finding. Widening of 
the QRS duration 111–115 ms suggests incomplete right 
bundle branch block (IRBBB); LBBB is much less com-
mon but may be mistaken for anterior MI and it is wise 
to exclude conduction defects early in the interpretation 
sequence (Fig. 5.8).
 Step 3: Assess for ST-segment elevation the hallmark 
of ST-segment elevation MI (STEMI) and ST depression a 
hallmark of non-ST-segment elevation MI (NSTEMI).
 The early diagnosis of acute MI is based on abnor-
malities of ST-segment elevation. For NSTEMI, significant  
ST-segment depression that is changeable over a few hours 
is diagnostic.

 ■ Because pathologic Q waves occur several hours after 
the onset of symptoms, diagnosis of acute MI based on 
Q waves does not allow for timely PCI or thrombolytic 
therapy.

Fig. 5.5: Variation in the normal precordial QRS configuration and 
correlation with abnormal presentations.
*With clockwise rotation, the V1 electrode, similar to aVR, faces 
the cavity of the heart and records a QS complex; no initial q in 
lead V6.
**qR complexes; q < 0.04 second, <3 mm deep; not pathologic Q 
waves. 
***Loss of R wave, V3–V5 pathologic Q waves; signifies anterior 
myocardial infarction.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phila-
delphia: WB Saunders, Elsevier Science; 2006, p. 55, Figure 5.4.
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Figs. 5.6A to C: (A) Female, age 55, normal ECG. (B) Female, age 48; note T wave inversion V1 V2; so called, female pattern observed 
in ~10–15% of females. (C) Male, age 25 ST elevation V2 V3 normal variant; note a minor (fishhook) deformity at end of the S wave in 
V4 V5, typical for normal variants.

A

B

C
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A

Figs. 5.7A and B: (A) Sinus rhythm, QRS = 120 ms, rSr’ in V1, note slurred S wave in lead I, V6, S wave > 30 ms in I, V5, V6, features 
of right bundle branch block (RBBB). (B) V1, V2 shows typical rSr' features of RBBB; note the wide slurred S wave in lead I, V6.

B

 ■ ST elevation more than 1 mm (0.1 mV) in two or more 
contiguous ECG leads in a patient with chest pain indi-
cates STEMI. The diagnosis is strengthened if there is 
reciprocal depression, or equal to or more than 2 mm 
ST elevation in three contiguous V leads or 11, 111, aVF. 

ST-segment elevation (STEMI) is shown in Figure 5.9. 
 An infarct is defined as an area of necrotic cells caused 
by a cutting off of blood supply to the area of cells. Infarc-
tion of the heart muscle denotes an area of necrosis. If 
there is necrosis of the left ventricular muscle facing the 
leads V1 and V4, no R waves (i.e. Q waves) are produced 
(Figs. 5.10 and 5.11). 
 Figures 5.11A and B give features of acute anterior 
STEMI; Figure 5.11C shows old anterior MI, Figure 5.11D 
shows old anteroseptal MI and marked abnormally coved 
ST segment caused by acute anterior STEMI (Fig. 5.12).

 Figure 5.13 gives another example of marked abnor-
mally coved ST segment in II, III AVF and reciprocal 
depression in 1 AVL, V1–V2 typical of inferior STEMI.
 The ST segment curves gently into the T wave. The 
point at which the ST segment takes off from the QRS com-
plex is called the junction (J)-point. 

Shape of the ST Segment
 ■ The shape of the ST segment can give crucial diagnos-

tic information. The ST segment curves imperceptibly 
into the early part of the T wave.

 ■ The ST segment usually has a mild concave shape and 
should not form a sharp angle with the ascending limb 
of the T wave.
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Fig. 5.8: Left bundle branch block (LBBB): ST elevation V1–V3 simulates old anteroseptal MI: but note wide QRS: > 140 ms loss of R 
or tiny R wave V1–V3; notched R in 1 AVL V6: typical features of LBBB.

Fig. 5.9: ECG shows abnormal ST elevation in leads II, III, aVF, V5, V6: typical findings of acute inferior MI with lateral involvement, 
STEMI. Reciprocal depression V1–V2, aVL is not diagnostic but helps confirm the diagnosis of acute MI.

 ■ A convex elevation of the ST segment is typical of acute 
MI.

 ■ Several features of the normal ST segment warrant 
critical appraisal. Knowledge of normal variants allows 
the clinician to recognize correctly the various abnor-
malities of the ST segment (Figs. 5.14A and B).

 Figure 5.15A shows ST elevation normal variant; note 
subtle fishhook deformity in V3. 

 ■ Occasionally the ST segment may show a 1-mm elevation 
in limb leads I, II, III, and aVF and a 4-mm elevation in 
V1, V2 as a normal variant.

 ■ This normal variant is common in blacks and other 
ethnic groups; when this occurs, the origin of the ST 

segment may have a curious “fishhook” appearance 
or may retain its normal concave contour (Figs. 5.14 
and 5.15). This normally occurring elevation of the ST 
segment is commonly termed as “early repolarization 
pattern”. For details see the discussion under the topic 
“Mimics of Acute Myocardial Infarction”.

 Abnormal ST-segment elevation is a hallmark of the 
following:

 ■ Acute MI; the ST segment is caused by a current of 
injury (for details see discussion under Acute Myocar-
dial Infarction)

 ■ Coronary artery spasm (during the pain)
 ■ Left ventricular aneurysm
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 ■ Once you see LBBB in the majority, no other diag-
nosis is possible; no question about possible old MI, 
ischemia, hypertrophy or LBBB and later discussion of 
LBBB (Figs. 5.16A and B).

 Step 4: Assess for Q waves, indicative of old MI or other 
causes. Features of old anterior MI are shown in Figures 
5.17A to E.
 Figure 5.17B shows Q waves of an old inferior MI. 
 Abnormally wide Q waves I, aVL, V5 and V6 usually 
indicate an old anterolateral MI (Fig. 5.17C). Figure 5.18 
shows minor ST-T wave changes , T inversion V1 V 2, V3.  
Interpreted as probable female normal variant patter; [do 
lower case ] or non specific ST-T wave changes. This ECG 
pattern is observed in ~  15 % of females.

Other Causes of Q Waves
 ■ If the septum is hypertrophied, Q waves increase in 

depth. This situation is seen with hypertrophic cardiomy-
opathy, and the resulting deep Q waves may mimic MI.

 ■ With extreme clockwise rotation, lead V1 faces the ven-
tricular cavity, and the usual R wave may disappear 
and causes a QS complex (see Fig. 5.5).

 ■ Caution in females: Figure 5.18 shows an ECG from a 
female with a normal heart: normal R wave progres-
sion V1–V2 V3; note normal T wave inversion V1 V2, 
The T wave inversion may extend to V3; this pattern is 
seen in ~15% of women with normal hearts; referred 
by some as normal female pattern. The R wave in V1 

Fig. 5.10: Acute inferior myocardial infarction: ST elevation in infe-
rior leads; note reciprocal depression in leads I and aVL.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phil-
adelphia: WB Saunders, Elsevier Science; 2006, p. 84, Figure 5.28.

A B
Figs. 5.11A and B 

 ■ Acute pericarditis; the ST segment retains its concave 
shape

 ■ Left bundle branch block; the ST segment is often  
elevated when there is an altered sequence of activa-
tion, as with conduction defects, in particular, LBBB 
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Figs. 5.11A to E: (A) Acute anterior myocardial infarction: ST elevation in leads V1 to V4; (B) Acute anterior infarction: same patient as 
in A, 8 hours later. (C) A 46-year-old male, sinus rhythm, loss of R waves = QS in V1, V2, V3, reduced R wave in V4 with abnormal cov-
ing ST segment, negative T in V2, V3: anteroseptal infarct (old or recent past). (D) Deep wide pathologic Q waves V1–V3; anteroseptal 
MI. Nondiagnostic inferior Q waves noted; rhythm atrial fibrillation. (E) Deep pathologic Q waves 11, 111 AVF; old Inferior MI in patient 
with RBBB.
Source: (A and B) From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 85, 
Figures 5.29A and B.

C

D

E
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Fig. 5.12: Acute anterior infarction: marked ST elevation and Q 
waves in leads V1–V6.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. 
Philadelphia: WB Saunders, Elsevier Science; 2006, p. 86, Figure 
5.30.

Fig. 5.13: Acute inferior myocardial infarction: ST elevation in 
leads II, III and aVF. Note reciprocal depression in leads V1, V2 
and aVL.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. 
Philadelphia: WB Saunders, Elsevier Science; 2006, p. 87, Figure 
5.31.

Figs. 5.14A and B: (A) ST segment elevation, pattern of normal variant: note “fishhook” appearance. The ST segment usually retains 
the normal concave shape; the T waves are often prominent and peaked. (B) Abnormal ST elevation caused by acute myocardial infarc-
tion. ST segment elevation in a normal 25-year-old man: normal variant. Note the notched J-point “fishhook” appearance in lead V3.
Source: (A) From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 89, Figure 
5.33. (B) p. 60, Figure 5.8.

A B
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may be normally absent and a very small r seen in V2 

and V3 particularly in women resulting in an erroneous 
diagnosis of old anteroseptal MI. The ECG should be 
reported as poor R wave progression V2, V3 (Fig. 5.19). 
Lead placement in female may cause poor R-wave  
progression V2-V3 and incorrect interpretation.

 ■ Q waves may be observed in leads II, III and aVF when 
the arm leads are placed on the legs; presence of virtu-
ally no ECG deflections (R or S wave) in lead I is the 
clue to this technical error.

 ■ Understanding vector forces and the position of the 
heart is important before deciding that the loss of an 

Figs. 5.15A to C: (A) ECG of a 34-year-old Hispanic man with  
ST-segment elevation with notched J-point “fishhook” in lead V3. (B) 
ECG of a 50-year-old man seen in the emergency room for chest 
pain. ST elevation in leads V3 and V5: note prominent T wave and 
normal concave ST segment; normal variant. (C) ECG of a 30-year-
old man: concave ST elevation in leads II, III and aVF; normal  
variant.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition.  
Philadelphia: WB Saunders, Elsevier Science; 2006, pp. 89-91,  
Figures 5.34 to 5.36.

A

C

B
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R wave is caused by infarction. Loss of R waves and the 
presence of Q waves may be caused by replacement of 
ventricular muscle by tumor, fibrosis, sarcoidosis, or 
other granuloma.

 ■ Large Q waves or QS complexes are normally observed 
in lead aVR because lead aVR looks into the cavity of the 
ventricle and faces the endocardial surface. Because ven-
tricular activation proceeds from the endocardium to the 
epicardium, the current or impulse travels away from 
lead aVR and lead aVR shows a negative QRS complex.

 ■ A Q wave may be found in leads III and aVL, and this 
can be 2–6 mm deep. In lead III, the Q wave can be less 
than or equal to 0.04 second wide. In all other leads, 
the Q wave should be less than 0.04 second in dura-
tion. Q waves in lead III occur often in normal individ-
uals. If there are no deep wide Q waves in lead II or aVF, 
the Q wave in lead III should be ignored; these Q waves 
often result in the erroneous diagnosis of inferior MI 
(Table 5.1 and Fig. 5.20).

A

B
Figs. 5.16A and B: (A) Loss R waves V1–V3, or tiny R waves, with ST elevation in these leads simulating anteroseptal MI, but other 
features of left bundle branch block (LBBB): wide QRS >160 ms, notched R wave in I, aVL,V5, V6. (B) Typical features of LBBB.

ST-segment Depression
The ST segment is rarely depressed more than 0.5 mm in 
normal individuals. Often a wandering baseline is inter-
preted incorrectly as ST depression.

 ■ ST-segment depression that is more than 1 mm, 
horizontal, or downsloping is significant for ischemia, but 
upsloping depression is nonsignificant (Figs. 5.21 and 5.22).

 ■ The ST segment may be slightly depressed or slurred 
downward in lead III.

 Step 5: Assess P waves, T waves and axis.
The P wave has following features:

 ■ It represents spread of electrical activity through both 
atria (see Fig. 5.1)

 ■ It is usually less than 0.12 second in duration  
(see Table 5.1)

 ■ It is normally inverted in lead aVR
 ■ It is usually upright in leads I, II and aVF and in the 

precordial leads V4 to V6.
 ■ It is variable in leads III, aVL and V1–V2.
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B

C

A

Figs. 5.17A to C 
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Figs. 5.17A to E: (A) Q wave in leads V1–V4 with ST abnormalities: correctly reported as anterior infarction, age indeterminate, a term 
that emphasizes the need for comparison. This ECG is similar to a tracing done 2 years earlier. (B) Pathological (deep wide) Q waves in 
inferior leads with abnormal ST convex coving; old inferior MI. (C) Anterolateral infarction. (D) Acute anteroseptal myocardial infarction; 
(E) ECG of patient shown in Figure 5.17D, 12 hours later.
Source: (A) From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 95, Figure 
5.41; (C) p. 96, Figure 5.42; (D and E) p. 94, Figures 5.40A and B.

D E

Fig. 5.18: Female, age 36: normal R wave progression V1–V2 V3; note normal T wave inversion V1 V2.

P Wave Abnormalities
 ■ Inversion of the P wave in leads I, II, aVF, or V4 to V6, 

but an upright position in lead aVR. This usually occurs 
when there is abnormal propagation of the electrical 
impulse through the atria, as occurs in atrial and AV 
junctional rhythms. 

 ■ Inversion of the P wave in lead I and a positive P wave in 
aVR, with lead I being the mirror image of normal lead I.

 ■ This may occur when the arm leads are reversed or in 
dextrocardia, but in true dextrocardia there is a loss of 
R waves in leads V4 to V6.

 ■ Increased duration of greater than 0.12 second (3 mm) 
observed mainly in lead II. This occurs in left atrial 
enlargement (Figs. 5.23A and B). P waves are seen best 
in leads II and V1, and these two leads are used for 
rhythm strips and arrhythmia monitoring.

 ■ Notching of a wide P wave in lead II. The distance 
between peaks of more than 0.04 second is in keeping 
with left atrial enlargement.

 ■ Biphasic wave: The P wave in lead V1 has a dominant 
negative and wide component (Fig. 5.24). The depth of 
the inversion times the width represents the P-termi-
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Fig. 5.19: Tracing from a healthy 60-year-old female. Poor R wave progression V2, V3 is not an uncommon finding caused by lead 
placement of V2, V3, particularly in females. Mimics a probable old anteroseptal infarct. Worldwide this is a common and serious error 
that can be corrected by proper training and supervision of ECG technicians.

Fig. 5.20: Nondiagnostic inferior Q waves, findings often reported by computer as old inferior myocardial infraction.

Fig. 5.21: Normal P waves.
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Figs. 5.22A and B: (A) Sinus rhythm; note abnormal shaped P weaves in lead V1 shown in top rhythm strip; the P wave has an initial 
small positive deflection and a deeper negative component. Diagnosis: left atrial abnormality: likely left atrial hypertrophy or enlarge-
ment. (B) Right atrial hypertrophy: peaked P waves in lead II (see bottom rhythm strip).

nal force; if this is more than 0.04 mm/sec, it indicates 
left atrial enlargement.

 ■ Increased amplitude: Peaking, tall, pointed P  
waves, taller in lead III than in lead I. An increased 
amplitude of greater than or equal to 3 mm in lead 
II, III, or aVF, or V1 indicates right atrial enlarge-
ment and is common in patients with right ventricu-
lar hypertrophy (RVH), cor pulmonale, pulmonary 

hypertension, and pulmonary and tricuspid stenosis 
(Figs. 5.23A and 5.24).

 ■ Absent P waves: This may occur with sinoatrial block 
and AV junctional rhythms.

 Summary: The P wave results from overlapping right 
and left atrial depolarization and is a smooth, rounded 
wave. The total duration of a normal P wave is less than 0.12 
second (3 mm), and its height is usually less than 3 mm.

A

B
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Figs. 5.23A and B: (A) Left atrial enlargement: P duration ≥3 mm 
(0.12 second) in lead II; in lead V1, the negative component of 
the P wave occupies at least one small box = 1 mm × 0.04 = P 
terminal force >0.04 mm/sec; (B) Right atrial enlargement: lead II 
shows P amplitude ≥3 mm; in lead V1, the first half of the P wave 
is positive and >1 mm wide.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. 
Philadelphia: WB Saunders, Elsevier Science; 2006, p. 62, Figures 
5.9A and B.

Fig. 5.24: Right ventricular hypertrophy (RVH): sinus rhythm, right atrial overload. Right atrial hypertrophy, p > 0.25 mV in V1, V2,  
extreme right axis deviation 156°. Following are typical features of RVH: R > 1 mV in V1; R/S > 1 in V1; R/S < 1 in V2, V3, V4, V5, V6; 
R < 0.5 mV in V5 V6. Also very large negative T in V2 with small negative T in V3 ST abnormality of right ventricular strain.

T Wave
The T wave represents repolarization, the recovery period 
of the ventricle. Assess the T wave’s direction, shape and 
amplitude.

 ■ The T wave should be upright in leads I, II and V4 to V6. 
The T wave is normally upright in leads aVL and aVF if 

the QRS is greater than 5 mm tall, but it can be inverted 
if the R waves are small. The T wave is variable in  
lead III.

 ■ The T wave is always inverted in lead aVR (Figs. 5.25A 
and B)

 ■ The T wave in lead V1 is often inverted (Fig. 5.25A). If 
the T wave is upright in lead V1, it is usually not as tall 
as the T wave in lead V6. In patients with true posterior 
infarction, the T wave is expected to be upright in leads 
V1 and V2. This finding is not diagnostic, but supports 
the diagnosis of true posterior infarction if it is accom-
panied by a tall R wave in leads V1 and V2 and signs of 
inferior infarction.

 ■ The T wave in lead II is often upright and in rare cases is 
flat or diphasic in lead V3 or in women with the juvenile 
pattern and inverted in leads V1 to V3 (Fig. 5.25B).

 ■ Abnormal T waves are shown in Figure 5.25C.

Nonspecific ST-T Wave Changes
Inverted T waves in leads where they are usually upright 
(leads I, II, aVF and V3 to V6) may occur in several con-
ditions along with minor ST depression less than 2 mm 
and are a nonspecific finding. The ECG interpretation 
nonspecific ST-T wave changes is a common occurrence  
(Fig. 5.26).

 ■ Nonspecific ST-T changes indicate 5.26 a nondiagnostic 
ECG, and are the common reports which the treating 
physician must correlate with symptoms and signs. 
Several causes are involved, rarely, however it can 
reflect ischemic heart disease (IHD). 

A

B
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Figs. 5.25A to C: (A) T wave, normal variability. (B) T wave inversion in V1–V2 in a 60-year-old female; normal variant; may also  
extends to V3. (C) Deep T wave inversion with ST-segment depression; consider ischemia.
*Usually upright; can be inverted if R wave <5 mm.
**Inverted in >50% of women, <20% of men who are >30 years of age.
***Usually upright; can be inverted with juvenile pattern.
****Usually upright, rarely flat or diphasic in women or with juvenile pattern.

B

C

 ■ Miscellaneous causes include ischemia, post-MI evolu-
tionary changes, alcohol abuse, electrolyte imbalance, 
subarachnoid hemorrhage, pheochromocytoma, hyper-
ventilation, postprandial (after the patient has a meal or 
a cold drink, the tracing normalizes in the fasting state) 
mitral valve prolapse, intraventricular conduction defect, 
pneumothorax and ventricular hypertrophy.

 ■ Deep T wave inversion without ST-segment shifts is 
not diagnostic, but may be associated with myocar-
dial ischemia, post-MI conditions, apical cardiomyo-
pathy, fibrosis, resolving myocarditis or pericarditis,  
electrolyte abnormalities secondary to alcohol abuse 
and other conditions (Figs. 5.27 and 5.28).

A
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Fig. 5.26: Nonspecific ST-T wave changes; borderline ECG.

 ■ Asymmetric T wave inversion in leads V5 and V6 may 
be observed in left ventricular hypertrophy (LVH)  
(see discussion under Left Ventricular Hypertrophy).

INTERVALS

Heart Rate
 ■ If the ECG has markers at 3 second intervals, count the 

number of QRS complexes in two of these 3 second 
periods and multiply by 10.

 ■ For 2½ second markers, multiply by 12. For an alterna-
tive method.

 ■ For atrial fibrillation 15 mm = 6 second count number 
complexes in 15 mm × 10 mm.

PR Interval
The PR interval varies from 0.12 (120 ms–200 ms) to 0.20 
second (see Table 5.1); some healthy adults have a PR 
interval of 240 ms (0.24 second).

Fig. 5.27: Abnormal coving of the ST segment and T wave  
inversion: V leads in a patient with unstable angina. ST-T segment 
abnormalities seen in V1 through V4. The tracing was taken when 
the patient was pain free. Note: The “hitched up” ST segment in V2 
and V3 with deep T inversion: The pattern is typical of significant 
proximal left anterior descending coronary artery stenosis.

Fig. 5.28: ST-T wave changes with T wave inversion; probable 
anterolateral ischemia.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phil-
adelphia: WB Saunders, Elsevier Science; 2006, p. 65, Figure 5.13.
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 First degree AV block PR more than 200 ms (0.20 second) 
causes:

 ■ Normal variant
 ■ Ischemic heart disease, rheumatic heart disease, or 

other heart disease
 ■ Caused by drugs (e.g. digoxin, verapamil and dil-

tiazem; rarely beta blockers or amiodarone)
 ■ Rarely hyperthyroidism.

A short PR interval of less than 120 ms (0.12 second):
 ■ Low atrial or upper AV junctional rhythms
 ■ Wolff-Parkinson-White (WPW) syndrome
 ■ Normal variant
 ■ Accelerated AV conduction
 ■ Pheochromocytoma
 ■ Glycogen storage disease
 ■ Fabry’s disease.

QRS Duration
 ■ QRS duration is usually 40–100 ms (0.04–0.10 second). 
 ■ QRS duration of more than 110 ms (0.10 second), typi-

cally more than 120 ms, is clinically important and 
denotes an intraventricular conduction delay (IVCD) 
in the left or right bundle branches.

 ■ A delta wave in WPW syndrome may increase the QRS 
duration.

 ■ Table 5.1 summarizes important normal intervals and 
parameters.

QT Interval
 ■ The QT interval should be less than one half the pre-

ceding RR interval at heart rates of 60–100 beats/min. 
 ■ The QT interval varies with heart rate, and several  

formulas have been used to provide a corrected QT 
interval (QTc interval).

 ■ The QTc interval also has limitations because of diff-
iculties with exact measurement. Because it is some-
times difficult to define the end of the T wave, the 
measurement is often inaccurate, in particular when 
a U wave merges with the T wave. In clinical practice, 
the QT interval should be assessed mainly for exces-
sive prolongation (see Table 5.1) for a clinically useful 
approximation of QT intervals.

 The QT interval indicates the total duration of ventric-
ular systole. A prolonged QT interval represents delayed 
repolarization of the ventricles and predisposes to reen-
trant arrhythmias. Torsades de pointes may occur in 
patients with a long QT interval (see later discussion under 
Torsades de Pointes).

Prolonged QT Interval Cause
 ■ Drugs, such as class 1 antiarrhythmics (disopyramide, 

quinidine and procainamide), class 3 antiarrhythmics 
(amiodarone and sotalol), and tricyclic antidepres-
sants (phenothiazines, astemizole, and other hista-
mine H1 antagonists).

 ■ Ischemic heart disease
 ■ Cerebrovascular disease
 ■ Rheumatic fever
 ■ Myocarditis
 ■ Mitral valve prolapse
 ■ Electrolyte abnormalities
 ■ Hypothyroidism
 ■ Liquid protein diets
 ■ Congenital prolonged QT syndrome.

Causes of Short QT Interval
A short QT interval is not of great concern and occurs 
rarely with the following:

 ■ Hypercalcemia (a feature of malignancy and hyper-
parathyroidism)

 ■ Hyperkalemia
 ■ Digitalis intoxication.

BUNDLE BRANCH BLOCK
The genesis of the QRS complex was described earlier in 
this chapter. A clear understanding of the genesis of the 
QRS complex is the basis of a sound appreciation of the 
ECG pattern in RBBB and LBBB.

Right Bundle Branch Block
 ■ In RBBB, the initial impulse depolarizes the septum 

normally from left to right. Vector I remains intact; the 
impulse traveling toward the lead V1 electrode regis-
ters an initial R wave in leads V1 and V2 (Fig. 5.29A). 
Because the right bundle branch does not conduct 
the electrical impulse, vector II traverses leftward and 
activates the left ventricle and registers an S wave in 
lead V1 or V2. Because right ventricular depolarization 
occurs late, unopposed by left ventricular activation, 
the resultant force, vector III, produces a large R wave, 
R, in lead V1 or V2 (Figs. 5.29A to C).

 ■ The deflection of the R wave may be greater than the 
amplitude of the small R wave produced by vector I 
septal depolarization. This unopposed late activation 
of the right ventricle produces the R1 wave in lead V1 
or V2 and is recorded as a slurred S wave by the elec-
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A B

Figs. 5.29A to C: (A) The contribution of vectors I, II, and III, labeled V(I), V(II), and V(III), to the genesis of right bundle branch block. 
(B) ECG shows right bundle branch block: M-shaped complex in lead V1, slurred S in lead V6. (C) Incomplete right bundle branch block: 
rsr′ complex in lead V1 and slurred S in leads V5 and V6 in a 45-year-old woman with a large secundum atrial septal defect. This ECG 
obtained after surgical correction is similar to that recorded 2 years earlier.
Source: (A) From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: W B Saunders, Elsevier Science; 2006, p. 68, 
Figure 5.14; (B) p. 69, Figure 5.15; (C) p. 70, Figure 5.16.

C



ECG Interpretation Made Easy 67

trodes facing the left ventricular free wall (leads V5, V6 
and I) (Figs. 5.29A and B).

 The QRS complexes in leads V1 and V2 are typically 
M-shaped. The QRS complexes vary in morphology  
(i.e. rsR', RSR' and RSr') and various variants. The QRS 
duration is increased to greater than or equal to 110 ms 
(0.11 second).

Causes of Right Bundle Branch Block
 ■ Normal variant in young adults
 ■ Coronary artery disease
 ■ Hypertension
 ■ Rheumatic heart disease
 ■ Congenital heart disease, in particular in associa-

tion with atrial septal defect (ASD), ventricular septal 
defect, and Fallot’s tetralogy (in secundum ASD, >90% 
of individuals have IRBBB; Fig. 5.29C).

 ■ Pericarditis or myocarditis
 ■ Pulmonary embolism
 ■ Cor pulmonale
 ■ Cardiomyopathy
 ■ Chagas disease
 ■ Endomyocardial fibrosis
 ■ Other conditions.

 The diagnosis of acute MI in the presence of RBBB is 
sometimes difficult, but often can be made. 

 ■ In patients with acute anterior MI, pathologic Q waves 
develop in leads V1, V2, V3 and V4

 ■ Inferior infarction should be considered only if there 
are abnormal Q waves in leads II, III, and aVF. Q waves 
in leads III and aVF are not diagnostic.

 ■ Because the right bundle branch and the interven-
tricular septum share the same blood supply, an anter-
oseptal infarct may be associated with RBBB. RBBB 
can be associated with a normal axis or with right or 
left axis deviation. A common association is left ante-
rior fascicular block (LAFB) (see later discussion).

Incomplete Right Bundle Branch Block
A secundum ASD commonly show IRBBB (Fig. 5.29C); 
note the RSr' in V1 and slurred S wave in leads I, V5 and V6. 
The QRS duration should be 0.09–0.10 second. Approxi-
mately 5% of normal individuals show an RSr' in lead  
V1 or V2. If the QRS duration is greater than or equal to 
0.08 second, accompanied by a slurred S wave in lead 
I and lead V5 or V6, a diagnosis of IRBBB is made. In the 
absence of a slurred S wave and a QRS duration of less than 

0.08 second, a diagnosis of RSr' is made as an observation  
(Figs. 5.30A to D).
 RSr' variant causes:

 ■ None—approximately 5% of normal individuals show 
RSR' or RSr' variants.

 ■ Recording artifacts
 ■ Chest deformities [e.g. straight back syndrome and 

pectus excavatum (R is usually small)]
 ■ Congenital heart disease (e.g. ASD and rarely ventricu-

lar septal defect and coarctation of the aorta)
 ■ Acquired heart disease (e.g. mitral stenosis)
 ■ Right ventricular hypertrophy.
 ■ Right ventricular diastolic or volume overload.
 ■ Cor pulmonale
 ■ Pulmonary embolism
 ■ WPW syndrome.
 ■ Atrioventricular nodal reentrant tachycardia (AVNRT); 

a pseudo-S wave should be present in leads II, III, 
and aVF (see discussion under Atrioventricular Nodal 
Reentrant Tachycardia).

 ■ Duchenne muscular dystrophy
 ■ A secondary R wave, which may occur as a result of late 

activation of the outflow tract of the right ventricle (i.e. 
the crista supraventricularis).

 ◆ Variant patterns.

Left Bundle Branch Block
 ■ Activation of the left ventricle is delayed; the QRS  

duration is greater than or equal to 0.12 second, and 
the septum and left ventricle are depolarized by the 
impulse from the right bundle. The normal direction 
of septal activation from left to right is reversed (see  
Fig. 5.3). Vector I flows from right to left through the 
lower septum. An electrode over the left ventricle 
causes an R wave in leads V6 and I and a QS wave in 
lead V1 (Figs. 5.31 and 5.32). 

 ■ Vector II travels from left to right through the right ven-
tricular mass and may create a slur or notch in the R 
wave of lead V6, marked “vector II” in Figure 5.31. 

 ■ Vector III travels right to left and causes an R wave in 
lead V6 (marked “III” in Figure 5.31. The notched R and 
R1 waves may result in a notched complex in lead I, II, 
AVL, V5 or V6 (Figs. 5.31 to 5.34).

 ■ In leads facing the right ventricle (e.g. in lead V1),  
vectors I, II and III usually cause a QS complex. In less 
than 50% of cases of LBBB, there is a small R wave or no 
r in V1 because right ventricular activation occurs more 
rapidly than septal activation (Figs. 5.31 and 5.32). 
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Figs. 5.30A to C

B

A

C
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Figs. 5.30A to D: (A) Sinus rhythm, RSr’ in V2; incomplete right bundle branch block (IRBBB); otherwise ECG within normal limits. (B) 
Sinus bradycardia, QRS = 113 ms, rSR’ in V1, R’ > R in V1. Slurred S wave 1, V6. Incomplete right bundle branch block (IRBBB). (C) 
Typical features of right bundle branch block: QRS duration > 120 ms; lead V1: rsR' (M shaped complex); slurred S wave lead V6 and lead 1. 
(D) RBBB: A variation of pattern in V1: rs R1; wide slurred S wave V6, lead 1.

D

Fig. 5.31: Contribution of vectors I, II, and III, labeled V(I), V(II), 
and V(III), to the genesis of left bundle branch block.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. 
Philadelphia: WB Saunders, Elsevier Science; 2006, p. 72, Figure 
5.17.

Because of altered depolarization, the ST  segment in 
leads V1 to V4 is commonly elevated, and the ST and 
T waves are opposite in direction to the terminal QRS 
direction.

 ■ Because LBBB causes a derangement of normal vector 
forces, the diagnosis of LVH cannot be made. The ST 
elevation and poor R wave progression do not indicate 
myocardial injury or infarction, and the diagnosis of 
MI in the presence of LBBB is difficult.

 ■ Left bundle branch block can occur in normal hearts, 
but it is commonly caused by LVH and occurs in 
patients with coronary heart disease, cardiomyopa-
thies and degenerative diseases. Patients with coro-
nary heart disease and LBBB have a high incidence 
of left ventricular dysfunction and congestive heart 
failure (CHF). Rarely, no organic disease exists, and 
prognosis is favorable. The diagnosis of acute MI in the 
presence of RBBB and LBBB is discussed later under 
“Acute Myocardial Infarction”.

Fascicular Block (Hemiblock)
 ■ The left bundle branch divides into anterior and pos-

terior fascicles. The anterior fascicle takes an anterosu-
perior course and terminates at the base of the anterior 
papillary muscle. Because the anterior fascicle is thin 
and long and has a single blood supply, it is commonly 
damaged, resulting in LAFB or, as Rosenbaum initially 
called the block, left anterior hemiblock. LAFB is com-
mon; it was observed in approximately 1.5% of a series 
of 8,000 men age of 45–69 years. 
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Left Anterior Fascicular Block (Hemiblock): 
Criteria for the Diagnosis

 ■ Left axis deviation of −45° to −90° (an axis of −40° is 
insufficient to make the diagnosis)

 ■ Small Q wave, 1–3 mm deep in lead I
 ■ Small R wave, 1–3 mm tall in lead III (Figs. 5.35 and 5.36)
 ■ Normal QRS duration, provided that RBBB is absent.

 Because other fascicles conduct normally, the 
sequence of activation of the heart muscle is not delayed, 
and the QRS duration usually remains within normal lim-
its. LAFB lowers the QRS voltage in the left-side chest leads 
and may mask the findings of LVH.
 “LAFB and RBBB (i.e. bifascicular block)” is a common 
occurrence (Fig. 5.37). 
 This diagnosis does not indicate an unfavorable prog-
nosis. Because the diagnosis of LAFB is commonly made, 
the clinician needs to know its significance and causes.
 Causes of left anterior fascicular block (hemiblock): 

 ■ Acute or previous MI:
 ◆ LAFB in the clinical setting of acute MI rarely pro-

gresses to serious heart block, and temporary or 
permanent pacing is not required

 ◆ When LAFB is associated with RBBB, progression 
to more severe heart block is rare in the presence of 
acute infarction

 ◆ When LAFB occurs during inferior infarction, the 
initial small R wave produced by LAFB in lead III 
may mask the Q wave of infarction.

 ■ Ischemic heart disease without infarction (which is the 
most common cause)

 ■ Cardiomyopathy
 ■ Chagas disease (which commonly causes LAFB and 

RBBB).

Left Posterior Fascicular Block
 ■ Left posterior fascicular block (LPFB) or left posterior 

hemiblock is uncommon because the posterior fasci-
cle is short and thick and has a double supply. Because 
the criteria for the diagnosis of LPFB are based on 
inaccurate parameters, it is wise not to consider  
making  this diagnosis. The diagnosis should not be 
entertained unless RVH and cor pulmonale can be 
confidently excluded.

Criteria for the Diagnosis of LPFB  
(Left Posterior Fascicular Block)

 ■ Right axis deviation, usually −120° to −180°.

Left Anterior Fascicular Block (Hemiblock)
Block of the anterior fascicle causes activation to proceed 
from the posterior papillary muscle and inferior wall. 
Because the entire left ventricular muscle mass is above, 
the activating impulse is directed upward to the left. 

 ■ A left axis of −45° to −90° must be present to consider 
the diagnosis of LAFB. The impulse from the posterior 
papillary muscle travels initially downward from the 
endocardium to the epicardium; this is a small force 
and registers a small R wave of less than 4 mm in lead 
III. This small impulse produces a small Q wave in lead 
I. The activating impulse then travels upward and to 
the left, causing an R wave in lead I (Fig. 5.35); an S 
wave is recorded in lead III because the wave of excita-
tion is traveling away from the inferior lead.

Fig. 5.32: Left bundle branch block: QRS > 0.12; poor R wave 
progression in leads V1 to V4; ST elevation, R wave notched in 
leads V5 and V6.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. 
Philadelphia: WB Saunders, Elsevier Science; 2006, p. 73, Figure 
5.18.
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LEFT VENTRICULAR HYPERTROPHY
The ECG is an important and inexpensive tool for the diag-
nosis of LVH [see earlier section, Genesis of the QRS Com-
plex (Figs. 5.38A to C)]. (Vector II is responsible for the 
S wave in leads V1 and V2 and the R wave in leads V5 and 
V6). The activating impulse must traverse the large muscle 
mass of the hypertrophied left ventricle, and the S wave in 
leads V1 and V2 is deep, and the R wave in leads V5 and 
V6 is tall (Figs. 5.38B and C; 5.39 and 5.40) (not the best to  
reproduce but rare to find as good as this for LVH).

 ■ Small R wave (<5 mm) in lead I and a small Q wave in 
leads III and aVF.

 ■ Normal QRS duration.
 ■ Exclusion of RVH and cor pulmonale before consider-

ing the diagnosis of LPFB.

Trifascicular Block
Trifascicular block can be assumed to occur if RBBB plus 
LAFB and first-degree or second-degree AV block are  
present.

Fig. 5.34: Wide QRS, notched R waves leads I V5 V6.

Fig. 5.33: LBBB; Wide QRS complexes, small R waves V2 V4.
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Fig. 5.35: Right bundle branch block and left anterior fascicular block (hemiblock) note left axis, 60 degrees, tiny Q wave in lead I, and 
tiny R wave in lead III = diagnosis left anterior hemiblock: bifascicular block.

Fig. 5.36: Left axis, small q lead I, small r lead III; left anterior fascicular block (hemiblock).

 In LVH, the left atrium becomes hypertrophied to assist 
the decreased compliance of the compromised left ventri-
cle. Left atrial enlargement is an early ECG sign of LVH.

ECG Criteria for the Diagnosis of Left 
Ventricular Hypertrophy
The Sokolow/Lyon criterion for LVH is as follows:

 ■ An S wave in lead V1 or V2 plus an R wave in lead V5 or 
V6 of more than 35 mm; specificity = 98%, sensitivity = 
25% (Figs. 5.38 to 5.40).

 ■ The presence of left atrial enlargement and an ST-T 
wave “strain pattern” in lead V5 or V6 increases the 
specificity and sensitivity and indicates LVH if the volt-
age is borderline. ST-T wave changes occur in leads I, 
aVL, V2 and V6. The asymmetric ST-T change should 
be present in leads V5 and V6 and to a lesser degree 
in lead V4 (Figs. 5.38 and 5.40); if these changes are 
more prominent in leads V3 and V4, ischemia should 
be  suspected. The ST-T changes have been called left 
ventricular strain, but most cardiologists agree that 
this change is part of LVH.
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 Left axis deviation may be present in some cases, but it 
is not necessary for the diagnosis of LVH. The diagnosis of 
RVH requires the presence of right axis deviation.

Causes of Left Ventricular Hypertrophy
 ■ Hypertension
 ■ Aortic stenosis and other valvular heart disease.
 ■ Ischemic heart disease
 ■ Cardiomyopathy
 ■ Other conditions.

RIGHT VENTRICULAR HYPERTROPHY

ECG Criteria for the Diagnosis of Right 
Ventricular Hypertrophy
In the absence of RBBB or absence of anteroseptal and 
anterolateral MI, the ECG hallmarks of RVH include: 

 ■ Right axis deviation of greater than or equal to 110°; 
if right axis deviation is absent, consider alternative 
diagnoses

 ■ A tall R wave in lead V1 of greater than or equal to 7 mm 
(Fig. 5.41) in individuals more than 30 years old. The 
small, normal R wave in lead V1 usually measures 1–4 
mm and is caused by vector I. With RVH, vector II is 
directed to the right and inscribes a tall R wave in lead 
V1 and a deep S wave in lead V6 (Figs. 5.5 to 5.27 and 
5.41, see variations of RVH patterns in leads V1 and V6).

 ■ An S wave in lead V5 or V6 of greater than or equal to 7 
mm (Fig. 5.41)

 ■ An R wave in lead V1 plus an S wave in lead V5 or V6 of 
more than 9 mm

 ■ An R/S ratio in lead V1 of greater than or equal to 
1 or an R/S ratio in lead V6 of less than or equal to 1 
(Fig. 5.41) (any two of the above-listed criteria indi-
cate RVH, but RVH may be well advanced before ECG 
changes occur).

 ■ An ST-T strain pattern in leads V1 to V3, which if pre-
sent increases the specificity of the ECG criteria

 ■ Right atrial enlargement, which increases the prob-
ability of RVH (Fig. 5.41)

 ■ An S1, S2 and S3 pattern (especially in children)
 ■ A small Q wave in lead V1. Because the normal loca-

tion of the septum may be altered by the right ventricu-
lar mass, the initial force that depolarizes the septum 
(vector I) may be directed from right to left, and a small 
Q wave in lead V1 may occur, in particular in patients 
with congenital heart disease and marked RVH.

 If the QRS duration is greater than or equal to 0.11 second 
with a tall R wave in lead V1, a diagnosis of RBBB or WPW syn-
drome should be considered. A diagnosis of RVH should not 
be made in the presence of RBBB or WPW syndrome.

Causes of a Tall R Wave in Lead V1
 ■ Normal finding in children
 ■ Right bundle branch block
 ■ WPW syndrome

Fig. 5.37: Right bundle branch block and left anterior hemiblock.
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Figs. 5.38A to C: (A) The contribution of vector II to the ECG features of left ventricular hypertrophy. The thicker the left ventricular 
muscle, the greater the magnitude of vector II; thus, the deep S wave in lead V1 and tall R wave in leads V5 and V6. Note that the T 
wave has a gradual descending and a steep ascending limb “strain pattern0”. (B) Significant increase in voltage of R wave in V5 or V6 
and S wave in V1 or V2 >35 mm. There is asymmetric ST segment depression and T wave inversion in V5 and V6, features typical of 
left ventricular hypertrophy; note the lack of ST-T changes in V4. (C) High QRS voltage: S in V1 + R in V5 or V6 = 54 mm (5.4 mV ) in a 
normal 24-year-old male. Caution with voltage criteria in individuals younger than age 30 and think of LVH only if additional features are 
present (left atrial hypertrophy, and/or ST-T changes, the strain pattern).
Source: (A) From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 78, Figure 5.23.

C

A B

C
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Fig. 5.39: ECG from a 73-year-old man. S V1 + R V6 >35 mm, R 
aVL + S V3 >28 mm, and “strain” pattern in V4 to V6: left ventricular 
hypertrophy.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edi-
tion. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 79,  
Figure 5.24.

Fig. 5.40: ECG features typical of left ventricular hypertrophy.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phil-
adelphia: WB Saunders, Elsevier Science 2006, p. 80, Figure 5.25.

Fig. 5.41: All features of right ventricular hypertrophy (RVH): right axis 151; R wave > 1 mV in V1; R/S > 1 in V1; R/S < 1 in V3, V4, 
V5, V6; very marked right-precordial repolarization disturbance secondary to RVH very large negative T in V2, with negative T in V3.  
Peaked P waves in lead V1 and lead II, indicate right atrial hypertrophy.
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 ■ True posterior infarction
 ■ Hypertrophic cardiomyopathy
 ■ Duchenne muscular dystrophy.

Causes of Right Ventricular Hypertrophy
 ■ Congenital heart disease, in particular tetralogy of  

Fallot and pulmonary stenosis.
 ■ Mitral stenosis
 ■ Emphysema
 ■ Recurrent pulmonary embolism
 ■ Other causes of pulmonary hypertension.

ACUTE MYOCARDITIS
Causes nonspecific ST-T wave changes. Cases have been 
reported, however, with ST-segment elevation and Q 
waves simulating infarction. 

 ■ Chagasic myocarditis should be considered in Hispanic 
individuals who present with chest pain. In these indivi-
duals, ST elevation and Q waves may occur due to Cha-
gas’ disease. Reciprocal ST depression is not a feature, but 
T wave changes occur and serve to distinguish acute MI.

NON-ST ELEVATION INFARCTION
 ■ More than 20% of infarctions occur without the pres-

ence of ST-segment elevation. 

 In these patients, ST-segment depression of more 
than 2 mm in two or more leads and associated with an 
abnormal troponin or CK-MB is in keeping with non-Q 
wave infarction, currently termed as NSTEMI (Figs. 5.42A 
and B). 

 ■ In-hospital prognosis is good, and heart failure or car-
diogenic shock is uncommon except in patients with 
previous infarction. 

 ■ In patients with NSTEMI, thrombolytic therapy does 
not provide benefits. The incidence of postinfarction 
angina is high in these patients. 

 ■ NSTEMI may occur without much ST depression.

ISCHEMIA
ECG Hallmarks of Myocardial Ischemia

 ■ An ST-segment depression of more than 1 mm after 

the J-point, persisting in three consecutive complexes; 

a horizontal or downsloping ST-segment depression of 

greater than or equal to 2 mm is diagnostic and indi-

cates severe ischemia.

 ■ An ST-segment depression that is horizontal, square, 

or downsloping is considered significant for ischemia 

(Figs. 5.43 and 5.44); upsloping depression may be 

misleading and may suggest inaccurate diagnoses.

Figs. 5.42A and B: Non-ST elevation myocardial infarction (non-Q wave infarction; acute subendocardial infarction). (A) From a patient 
with a clinical picture of infarction and elevated CK-MB. Note widespread ST-T depression in the limb and chest leads, but no associated 
Q waves; (B) The same patient’s ECG tracing 18 hours earlier than depicted in A.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 100, Figures 
5.47A and B.

A B
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PRINZMETAL’S ANGINA
The ECGs of individuals with coronary artery spasm show 
ST-segment elevation during pain. This situation is rare; 
pain responds to nitroglycerin, and the ST segment returns 
to normal. In all patients presenting with atypical features 
of acute MI, nitroglycerin should be administered before 
treating with thrombolytic therapy.

PERICARDITIS

Criteria for the Diagnosis of Pericarditis
 ■ Stage 1: Lasting hours to days—widespread ST-seg-

ment elevation, 2–5 mm concave and upward in leads 
I, II, III, aVF, and V2–V5 with reciprocal depression in 
leads aVR and V1 (Fig. 5.45).

A B
Figs. 5.43A and B: Flat (horizontal) and down-sloping ST segment depression greater than 1 mm in a patient with proven angina and 
obstructive coronary artery disease. (A) Limb leads. (B) Leads V5 and V6.

Fig. 5.44: Right bundle branch block (RBBB) and ST-T features of ischemia.
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Figs. 5.45: The tracing shows characteristic features of acute pericarditis: The ST segment is elevated in most leads, particularly leads 
I, II, aVL, aVF, V5 and V6. Note the reciprocal ST-segment depression in aVR in which there is PR segment elevation in the leads with 
ST-segment elevation there is PR segment depression. Sinus tachycardia is present, as is commonly seen with acute pericarditis.
Note: The J-point level almost equals the height of the T wave in V6.

 ■ Slight elevation of the PR segment in lead aVR 
 ■ The ECG changes do not fit a segmental blood supply 

(Fig. 5.45). 
 ■ Stage 2: A few days later—ST and PR segments become 

isoelectric, with upright or flattened T waves.
 ■ Stage 3: After normalization of the ST segment, diffuse 

T wave inversion occurs.
 ■ Stage 4: Lasting days to weeks—T waves normalize, but 

rarely remain inverted.
 ■ Tachycardia may be the only ECG finding if the ST-seg-

ment elevation has resolved, and the T waves remain 
normal.

HYPOKALEMIA ECG HALLMARKS
 ■ Progressive ST-segment depression. 
 ■ Normally a small U wave has the same polarity as the 

T wave; when the serum potassium level decreases to 
less than 3.5 mEq/L, there is a lowering in the ampli-
tude of the T wave.

 ■ A marked increase in U wave amplitude; with a serum 
potassium of less than 1.5 mEq/L, the T and the U 
waves may become fused, which is best seen in leads 
V2–V6. 

 ■ Increase in the QRS duration.
 ■ Slight prolongation of the PR interval.

HYPERKALEMIA
Mild hyperkalemia at approximately 6 mEq/L: 

 ■ Widening of the P wave with a loss in height
 ■ Prolongation of the PR interval 
 ■ Widening of the QRS complex
 ■ Tall, peaked T waves.

Severe hyperkalemia at more than 6 mEq/L: 
 ■ Marked widening of the second portion of the QRS 

complex, which may show notching or slurring; the 
wide QRS merges with the tall, peaked T waves.

 ■ PR interval prolongation, high-degree AV block, and 
disappearance of the P waves.

 ■ Further widening of the QRS
 ■ Ventricular fibrillation may occur.

PULMONARY EMBOLISM
Nonspecific but helpful ECG findings: 

 ■ Sinus tachycardia is common
 ■ Symmetric T wave inversion, strain pattern in leads 

V1–V3

 ■ ST depression in leads I or II
 ■ S1, S2 and S3 pattern
 ■ Right bundle branch block pattern
 ■ Q waves in leads III and aVF
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 ■ QR in lead V1
 ■ ST-segment elevation in leads V1, aVR and III
 ■ ST-segment depression in leads V3–V6 because of  

associated myocardial ischemia
 ■ Arrhythmias that include premature beats, atrial flut-

ter, or atrial fibrillation
 ■ Right atrial enlargement

 In the presence of submassive pulmonary embolism, 
the ECG shows no significant abnormality in approxi-
mately 25% of cases. 

 ■ With massive pulmonary embolism causing syncope, 
cardiogenic shock, or acute right-sided heart failure, 
one or more of the above-listed ECG changes usually 
occur.

ARRHYTHMIAS
An arrhythmia is defined as any cardiac rhythm, regular or 
irregular, that is not driven by the sinus node or any abnor-
mality of the cardiac rhythm, even if the sinus node is the 
primary pacemaker.

Sinus Arrhythmia
This is a common normal ECG finding that occurs when 
the sinus node forms impulses irregularly: mostly caused 
by accelerating of beats with inspiration and slowing with 
expiration and rarely it has no relation to respiration. 

 ■ The ECG shows slight irregularity of RR intervals
 ■ The maximum sinus cycle length minus the minimum 

sinus cycle length should be more than 120 millisec-
onds. The P waves are normal, and the PP interval  
varies by more than 0.16 second (four small squares). 

 ■ This normal irregularity of the heart beat during  
respiration sinus arrhythmia is physiologic (Fig. 5.46).

 ■ The minimal change in the heart rhythm may be accen-
tuated during inspiration, and the heart slows slightly 
during expiration. Causes other than normal respira-
tory variations may produce sinus arrhythmia and 
include digitalis, morphine, convalescence from acute 
illnesses associated with bradycardia, and increased 
intracranial pressure. Figure 5.47A shows sinus brady-
cardia rate < 60/min; Figures 5.47B and C show sinus 
tachycardia.

Classification of Arrhythmias
Arrhythmias can be classified as bradyarrhythmias or tachy-
arrhythmias. Tachyarrhythmias should be considered 
under two categories:
1. Narrow QRS tachycardias 
2. Wide QRS tachycardias.

Narrow QRS Tachycardia
 ■ Regular:

 ◆ AVNRT
 ◆ Atrial tachycardia
 ◆ Atrial flutter with fixed AV conduction
 ◆ WPW syndrome.

Fig. 5.46: Sinus arrhythmia; ECG from a 20-year-old healthy female.
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Figs. 5.47A to C: (A) A sinus bradycardia rate <60/min. (B) Sinus tachycardia rate >100/min. (C) Sinus tachycardia; even at fast rates 
the P waves are well seen, left atrial abnormality is present as shown in lead V1 left atrial hypertrophy.

A

B

C
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 ■ Irregular:
 ◆ Atrial fibrillation 
 ◆ Atrial flutter when AV conduction is variable 
 ◆ Multifocal atrial tachycardia (MAT).

Wide QRS Tachycardia
 ■ Regular:

 ◆ Ventricular tachycardia (VT) 
 ◆ Supraventricular tachycardia with bundle branch 

block or with aberrant conduction 
 ◆ Atrial flutter and WPW conduction 
 ◆ Preexcited (circus movement) tachycardia (WPW 

anterograde conduction).
 ■ Irregular: 

 ◆ Atrial fibrillation and WPW anterograde conduc-
tion

 ◆ Atrial fibrillation and intraventricular conduction 
defect.

ATRIAL PREMATURE BEATS
Atrial premature beats (APBs) occur commonly at all ages 
and may be caused by medications and all varieties of 
heart disease.

 ■ A premature P wave, which is different from the sinus 
P wave. The PR interval may be normal, increased, or 
decreased.

 ■ Nonconduction of the atrial premature P wave, result-
ing in a pause. Nonconducted APBs are the most  
common cause of pauses; if the premature P waves are 
not identified, the rhythm may be misinterpreted as 
sinus bradycardia.

Figs. 5.48A and B: (A) Ventricular premature beats, couplets. (B) Ventricular bigeminy.

A B

 ■ A premature P wave that is usually followed by a QRS 
complex similar to the normally conducted sinus beat 
(Figs. 5.48A and B).

 ■ The QRS may be wide because of aberrant conduction
 ■ The premature P wave may be unrecognizable, because 

it may be hidden in the preceding T wave; “search the T 
for the P” (Figs. 5.49 and 5.50). 

 ■ A cycle after the APB that is less than compensatory; 
the pause may be compensatory, however, or even 
longer in some individuals.

 ■ Atrial premature beats after every sinus beat, causing 
atrial bigeminy. 

 ■ Early APBs may trigger atrial tachycardia (Fig. 5.51), 
atrial flutter, or atrial fibrillation.

 ■ Multiple APBs, which may cause an irregularly irregu-
lar (completely irregular) pulse.

Junctional or Nodal Premature Beats
 ■ When junctional P waves retrogradely activate the 

atria, the retrograde P wave may be observed to pre-
cede the QRS complex or become lost in the QRS com-
plex and occasionally occur after the QRS complex. 

 ■ The P wave is inverted in leads II, III, aVF, V1, V5 and V6 
and upright in leads I, aVR and aVL. The terms “upper 
nodal rhythm”, “mid nodal rhythm”, and “lower nodal 
rhythm” have been replaced by “junctional rhythm”.

VENTRICULAR PREMATURE BEATS
Ventricular premature beats, termed “extrasystoles” or 
“ectopic beats”, occur commonly in normal and abnormal 
hearts. 
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Figs. 5.49A to C: (A) A sinus tachycardia 115 beats/min. P waves are clearly visible in lead II and V1. (B) Search the T wave for the P  
especially in lead II rhythm strip to uncover atrial premature beats. (C) Atrial premature beats.

C

B

A
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Fig. 5.50: P waves are clearly seen at the end of the T wave. Atrial bigeminy: each normal beat is followed by an APB.

Fig. 5.51: Well-defined delta waves, tall R V2; typical Wolff-Parkinson-White syndrome type A.

 ■ The word “beat” denotes an electrical and mechani-
cal event and is preferred to the word “contraction”, 
which implies only a mechanical event. This text uses 
the terms “ventricular premature beats (VPBs)” and 
“APBs”, not “ventricular premature contractions” and 
“atrial premature contractions” (Box 5.1).

Hallmarks of Ventricular Premature Beats
 ■ Wide QRS, bizarre beats (Figs. 5.52A and B).
 ■ Not preceded by premature P waves.
 ■ Usually followed by a fully compensatory pause, but 

this rule is often broken, and pauses may be less than 
compensatory.

 ■ More than 0.11 second duration, but occasionally 
VPBs can be 0.10–0.11 second in duration. 

Box 5.1: Causes of tall R waves in leads V1 and V2.

• Thin chest wall or normal variant
• Right bundle branch block*
• Right ventricular hypertrophy
• Wolff-Parkinson-White syndrome
• True posterior infarction†

• Hypertrophic cardiomyopathy
• Duchenne muscular dystrophy
• Low placement of leads V1 and V2

*Slurred S wave in leads I, V5, and V6.
†Associated inferior myocardial infarction and no slurred S wave 
in leads V5 and V6, T wave upright in leads V1 and V2.

 ■ Virtually always different from the adjacent sinus-con-
ducted normal beat.

 ■ In lead V1, may show left “rabbit ear” is greater than the 
right one (Fig. 5.53) or a small rS in lead V6. 
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Figs. 5.52A and B: (A) Ventricular premature beats, couplets. (B) Ventricular bigeminy, VPB on terminal T wave.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 112, Figures 
5.58A and B.

BA

Fig. 5.53: Multiform ventricular premature beats; note different shape and size in a lead, e.g. lead II.

 ■ Multifocal VPBs often have a varying coupling interval 
(Fig. 5.54).

 ■ A run of two VPBs is called a couplet (Figs. 5.55A to C), a 
run of three consecutive VPBs is a triplet, and a run of more 
than three consecutive VPBs is nonsustained VT (Fig. 5.56). 

 ■ Unifocal VPBs: The coupling interval is equal. VPBs 
that are unifocal are of little consequence.

 ■ Ventricular premature beats are a common occur-
rence in individuals with normal hearts (i.e. bigeminy 
and trigeminy commonly). 

 ■ Increasing the heart rate by walking or stair climbing 
may suppress some VPBs or mask the symptoms; the 
patient feels the sensation when the body is at rest  
particularly in bed.
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Fig. 5.54: Ventricular premature beats in pairs; couplets, multifocal.

Figs. 5.55A to C: Holter monitor showing multifocal ventricular pre-
mature beats, couplets (A); salvo: nonsustained ventricular tachy-
cardia (B and C). 
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. 
Philadelphia: WB Saunders, Elsevier Science; 2006, p. 113, Figure 
5.59.

A B

C
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Fig. 5.56: Atrial fibrillation and ventricular premature beats. 

Causes of Ventricular Premature Beats
 ■ Stimulants, such as caffeine, theophylline, ampheta-

mines, cocaine, and a host of pharmacologic agents, 
which may stimulate the production of VPBs.

 ■ Acute MI and the chronic phase of myocardial 
ischemia.

 ■ Valvular heart disease
 ■ Cardiomyopathy
 ■ Specific heart muscle disease
 ■ Cor pulmonale.

NARROW QRS TACHYCARDIA
Tachycardias are best identified as narrow QRS regular or 
irregular or wide QRS regular or irregular.

Causes of Regular Narrow QRS 
Tachycardias

 ■ Sinus tachycardia 
 ■ Atrioventricular nodal reentrant tachycardia. 
 ■ Atrial flutter, fixed AV conduction. 
 ■ Atrial tachycardia 
 ■ WPW syndrome.

Causes of Irregular Narrow QRS 
Tachycardias 

 ■ Atrial fibrillation. 

 ■ Atrial flutter, variable AV conduction. 
 ■ Multifocal atrial tachycardia. 

 A study of the entire 12-lead ECG during tachycardia 
and comparison with the ECG in sinus rhythm are strongly 
advised. Leads II, III, aVF, V1 and V6 warrant careful scru-
tiny. The lead II rhythm strip is not sufficiently diagnostic.

Sinus Tachycardia
 ■ The most common cause of a regular, narrow QRS 

tachycardia, with a rate of 100–140 beats/min, is sinus 
tachycardia. With rates of less than 130 beats/min on 
the ECG at rest, it is advisable to think first of sinus 
tachycardia (Figs. 5.57A and B) but rates of more than 
150 beats/min at rest may occur in patients with infec-
tions and thyrotoxicosis. 

 ■ Occasionally the sinus P wave is hidden in the T wave, 
and the rhythm is mistaken for supraventricular tachy-
cardia or atrial flutter; carotid massage reveals the P 
wave of sinus tachycardia.

ATRIOVENTRICULAR NODAL 
REENTRANT TACHYCARDIA
Atrioventricular nodal reentrant tachycardia is the most 
common cause of a paroxysmal, rapid, narrow, regular 
QRS tachycardia. 
 The impulse circulates within the AV node; the ventri-
cles are activated from the anterograde path of the circuit 
with activation of the atrium by the retrograde path.
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Figs. 5.57A and B: (A) Sinus tachycardia. (B) Sinus tachycardia 140 beats/min; even at fast rates P waves are clearly identified.

B

A

ECG Hallmarks of AVNRT
 ■ A rapid, regular rhythm, usually 160–225 beats/min, 

is present; a rate of more than 220 beats/min should 
prompt the search for WPW syndrome.

 ■ A QRS complex of less than 0.12 second
 ■ In approximately 50% of cases, P waves are hidden within 

the QRS complex and are not visible; the QRS complex is 
similar to that of a tracing when in sinus rhythm (Fig. 5.58)

 ■ In more than 40% of cases, P waves in leads II, III, and 
aVF occur at the end of the QRS complex and distort 
the terminal forces of the QRS complex, resulting in 
pseudo-S waves in leads II, III and aVF and a pseudo-r1 
wave in lead V1 (Fig. 5.59).

 ■ In more than 5% of cases, P waves are discernible at 
the beginning of the QRS complex and cause pseudo-Q 
waves in leads II, III and aVF.

 ■ In a rare form of AVNRT, P waves are negative in leads 
II, III and aVF, but follow the QRS complex after a 
 prolonged duration, such that the RP interval is greater 
than or equal to the PR interval. It is virtually impos-
sible to distinguish this rare form of AVNRT from the 
rare-type WPW, circus movement, using the retro-
grade, slow accessory pathway to activate the atria   
(see later discussion of WPW syndrome).

ATRIAL TACHYCARDIA

Atrial tachycardia occurs in the following three forms:
1. Paroxysmal atrial tachycardia (PAT) with or without  

AV block
2. Persistent (“incessant”) atrial tachycardia
3. Multifocal atrial tachycardia. 
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Fig. 5.58: Narrow QRS tachycardia, rate 170 beats/min: sup-
raventricular tachycardia, common variety of atrioventricular nodal 
reentrant tachycardia.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phil-
adelphia: WB Saunders, Elsevier Science; 2006, p. 118, Figure 5.63.

Fig. 5.59: ECG shows atvioventricular uodal reenty tachycardia: 
mote the disfortion of terminal forces, psendo-5 waves, in leads II, 
III, and aVF, and a psendo-r, wave in lead V1.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phil-
adelphia: WB Saunders, Elsevier Science; 2006, p. 118, Figure 5.64.

 ■ P waves are best identified in lead V1; they are often 
small, are not easily identified, and may be hidden in 
the T wave or QRS; the rhythm may be mistaken for 
sinus tachycardia or AV junctional tachycardia.

 ■ The atrial rate is commonly 150–200 beats/min, but 
may range from 110 beats/min to 250 beats/min. 

 ■ If the atrial rate is not rapid, and AV conduction is not 
depressed, each P wave may conduct to the ventricle. 

 ■ Short episodes of nonsustained PAT (SVT) lasting sec-
onds to a few minutes, with heart rates of 110–150 beats/
min, are common findings on routine Holter monitoring. 

 ■ With digitalis excess or other causes, AV conduction 
may be delayed, resulting in PAT with block. 

 ■ Variable AV conduction occurs. A 2:1 conduction is 
common; a 3:1 conduction or Wenckebach’s phe-
nomenon may occur. At times, the varying AV block 
results in an irregular ventricular rhythm that may be  
mistaken for atrial fibrillation.

 ■ Isoelectric intervals exist between the P wave and the 
QRS complex.

 ■ The differentiation of atrial tachycardia and atrial  
flutter may present difficulties if the atrial rate is rapid, 
but carotid sinus massage or adenosine would reveal 
flutter waves in atrial flutter.

 ■ The tachycardia persists despite the development of 
AV block. This finding excludes the participation of an 
accessory pathway.

Persistent (“Incessant”) Atrial Tachycardia
The incessant nature of this rare tachycardia may cause 
dilated (congestive) cardiomyopathy. Features include the 
following:

 ■ Regular rhythm 
 ■ P wave preceding the QRS complex, with polarity 

depending on the site of origin in the atrium. 
 ■ Variable AV conduction of 1:1, 2:1, including Wenck-

ebach’s phenomenon
 ■ Carotid sinus massage or adenosine increasing AV 

block and facilitating identification.

Multifocal Atrial Tachycardia 
(Chaotic Atrial Tachycardia)
Hallmarks

 ■ An atrial rate of 100–140 beats/min
 ■ At least three different P wave morphologies with 

chan ging PR intervals observed in one lead 
 ■ A completely irregular rhythm 
 ■ Usually caused by hypoxemia, chronic obstructive 

pulmonary disease, theophylline, (rarely) digitalis and 
IHD.

Paroxysmal Atrial Tachycardia with or 
without Atrioventricular Block
ECG Hallmarks of Paroxysmal Atrial 
Tachycardia

 ■ The P wave contour is different from that of the sinus P 
wave and precedes the QRS. 
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WOLFF-PARKINSON-WHITE SYNDROME 

ECG Hallmarks of WPW Syndrome in 
Sinus Rhythm

 ■ A QRS complex of more than 110 ms (0.10 second); in 
approximately 20% of individuals, the QRS complex 
may not be more than 100 ms (0.10 second).

 ■ A PR interval of less than 120 ms (0.12 second). 
 ■ A delta wave present in most (Figs. 5.51, 5.60 to 5.62). 

 ■ The delta wave may be a subtle finding in a few leads.
 ■ A tall R wave in V1 and V2 (can mimic RVH or posterior 

infarction).
 ■ Possible mimicry of inferior MI (Figs. 5.61 and 5.62). 

ECG CLUES DURING TACHYCARDIA
 ■ A narrow complex tachycardia, regular rhythm 

(Fig. 5.63). 
 ■ Paroxysmal tachycardia.
 ■ P waves that are separate from the QRS complex and 

that, depending on the location of the accessory path-
way, may have different shapes; if it is a left lateral 
accessory pathway, the P wave is negative in lead I; if 
the location is posteroseptal, the P wave is negative in 
leads II, III and aVF and may be positive in leads aVR, 
aVL and V1.

 ■ In the most common type of WPW syndrome, ortho-
dromic circus movement tachycardia, activation of the 
atria is rapid and occurs retrogradely via the accessory 
pathway and causes the P waves to be closer to the  
preceding QRS than to the one that follows.

 ■ Activation of the ventricles occurs through the AV 
node and bundle of His resulting in a narrow QRS  
(in the absence of bundle branch block).

 ■ The RP interval is smaller than the PR interval because 
of retrograde use of the accessory pathway to activate 
the atria (RP < PR). 

 ■ In a very rare form of WPW syndrome, orthodromic 
circus movement with retrograde activation of the atria 

Fig. 5.60: Wolff-Parkinson-White syndrome has a short PR, a 
delta wave easily detected in leads V2 to V5, and a tall R wave in 
leads V1 to V3.

Fig. 5.61: Wolff-Parkinson-White syndrome can mimic old inferior myocardial infarction.
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Figs. 5.62A to C: (A) Delta waves of Wolff-Parkinson-White syndrome, note inferior leads mimic old inferior myocardial infarction; 
(B) Wolff-Parkinson-White syndrome mimicking incomplete left bundle branch block; (C) Narrow QRS regular tachycardia, rate 230 
beats/min: Patient with Wolff-Parkinson-White syndrome.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 125,  
Figure 5.71.

B

C

A
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 ■ Circus movement tachycardia: WPW syndrome reverts 
to sinus rhythm or no effect.

 ■ Persistent atrial tachycardia: Increased AV block facili-
tates recognition of the atrial origin of this arrhythmia, 
temporary slowing of heart rate with AV block, or no 
effect.

 ■ Atrial flutter: Temporary slowing of the ventricular rate 
with AV block reveals flutter waves if not previously 
visible, or no effect.

 Carotid sinus massage or intravenous adenosine is not 
required for the verification of atrial fibrillation or sinus 
tachycardia; both conditions show temporary slowing of 
the ventricular rate. These arrhythmias are easily recogniz-
able, however.

BRUGADA SYNDROME
The Brugada syndrome is a congenital disorder of sodium 
cardiac channel function. Most patients have a family  
history of syncope, sudden death and abnormal ECG 
changes.

occurs through a slow conducting accessory pathway 
retrogradely, causing the late occurrence of the P wave; 
the RP interval is greater than (RP > PR) or equal to the 
PR interval, and the P wave is negative in leads II, III 
aVF, and V3 to V6. The arrhythmic ECG pattern is simi-
lar to the rare form of AVNRT described. This rare type 
of WPW syndrome may manifest as a persistent (inces-
sant) orthodromic circus movement tachycardia and 
cause a dilated cardiomyopathy with CHF. The condition 
is resistant to drug therapy, but can be cured by ablation.

 ■ Electrical alternans may be present during orthodromic 
circus movement tachycardia, but occurs rarely with 
other narrow QRS tachycardias.

CAROTID SINUS MASSAGE OR 
INTRAVENOUS ADENOSINE
Carotid sinus massage or adenosine given intravenously  
is an integral part of ECG diagnosis of arrhythmia.

 ■ Atrioventricular nodal reentrant tachycardia reverts to 
sinus rhythm or no effect.

Fig. 5.63: Typical features of Brugada syndrome. Atypical, incomplete right bundle branch block with a curious (odd shape) ST segment 
elevation/deformity in V1 to V3, described as the coved (in V1, V2) and saddle-back patterns (V3). Note there is no widened S wave 
in V5 or in V6, as seen in true incomplete or complete RBBB. Thus if you recognize an atypical RBBB think of Brugada syndrome and 
reassess for the characteristic features of this rare but important diagnosis. ECG from a 40-year-old man with episodes of syncope/
collapse. No recurrence of syncope over 3 years following ICD.
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Fig. 5.64: Atrial flutter; note sawtooth pattern II, III aVF, spiky waves V1, and no activity in lead I, V6.

 ■ Atrial fibrillation is the most common atrial arrhyth-
mia found in Brugada syndrome. Sudden cardiac 
death is often preceded by episodes of syncope with-
out warning. Brugada syndrome is a major cause of 
ventricular fibrillation.

 ■ Sudden unexpected death during sleep and night-
mares in East and Southeast Asia is a cause of death, 
~80% in men (age of 40–50 years) without known 
underlying cardiac diseases. In Thailand unexplained 
sudden cardiac death (Lai Tai in Thailand, “death dur-
ing sleep”), Bangungut (scream followed by sudden 
death) in the Philippines is the leading cause of death 
in young men. 

 ■ Studies in Japan for unexpected death at night, Pokkuri 
showed the prevalence of Brugada syndrome to be 
from 0.12% to 0.14% in the general population (Matsuo 
et al. 2001; Miyasaka et al. 2001). Abnormal ECG find-
ings may be intermittent, found in 0.15% of Japanese 
adults associated with a greater than 50-fold increase 
in the risk of unexpected death in Japanese men.

 ■ The ECG reveals a distinctive type of atypical right 
 bundle branch block. The ST segment is elevated 
in chest leads V1, V2 and V3 where the atypical right 
 bundle branch pattern is usually seen. The elevated ST 
segment has a curious convex curve or a coved and sad-
dle back shape.

 ■ Individuals with Brugada syndrome and their family 
members who are genetic carriers of a sodium chan-
nelopathy should be aware that some substances or 
medications (such as cocaine, methadone, procaina-
mide, propofol, antidepressants and antihistamines), 
may increase their risk of arrhythmias. 

 ■ Certain foods or herbal stimulants consumed at night 
by men, aged 30–50 years, to improve erectile function 
may be precipitants and deserves investigations.

ATRIAL FLUTTER

ECG Hallmarks
 ■ A sawtooth pattern of flutter (F) waves is present in 

leads II, III, and aVF (Fig. 5.65). The initial down-
ward deflection of the F waves has a gradual slope 
followed by an abrupt upward deflection that results 
in the typical sharp spikes of the sawtooth pattern. 
There are positive “spiky” P-like waves in lead V1, 
negative P-like waves in leads V5 and V6, and note 
there is nearly no atrial activity in lead I; occasion-
ally, leads V5 and V6 may show negligible atrial activ-
ity (Figs. 5.64 to 5.66). 

 ■ If the ECG reveals a ventricular response of 150 beats/
min, the chances of the arrhythmias being atrial flutter 
are above 90%. This situation arises because the atrial 
rate is often 300 beats/min, and with 2:1 AV conduc-
tion, the ventricular response is 150 beats/min. This 
2:1 ratio may not be easily apparent because an F wave 
may be partially obscured by the QRS complex and the 
F wave by the T wave; this pattern may be confused 
with sinus tachycardia or reentrant junctional tachy-
cardia. Carotid sinus massage should reveal sinus 
P waves or F waves. Conduction ratios of 2:1 and 4:1 
occur frequently. The ventricular rate may vary from 
100 to 230 beats/min (Fig. 5.67). A ventricular response 
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Fig. 5.65: Atrial flutter uncontrolled rapid ventricular response; clearly visible sawtooth pattern II, III aVF but no such waves in Lead I.

Fig. 5.66: Atrial flutter; note lead I no flutter waves is a tip off to flutter versus artifacts.

of more than 250 beats/min raises suspicion of WPW 
syndrome.

 ■ The rhythm is regular except when there is variable AV 
conduction.

 ■ The atrial rate varies from 250 beats/min to 400 beats/
min, but can be less than 200 beats/min, in particular 
in patients taking quinidine.

 ■ Flutter waves, if not visible, can be revealed by slowing 
AV conduction with carotid sinus massage or intrave-
nous adenosine.

 ■ Digitalis increases the atrial flutter rate and may 
induce atrial fibrillation before slowing the ventricular 
response.

 ■ T waves may distort the F wave pattern.
  The incidence of atrial flutter is 1 to 20th that of atrial 

fibrillation. Atrial flutter may be caused by IHD, valvu-
lar heart disease, congenital heart disease, hypoxemia, 
post-open heart surgery, infections, and any acute ill-
ness.

ATRIAL FIBRILLATION
Atrial fibrillation is the most common, persistent, signifi-
cant arrhythmia that is encountered in clinical practice. 
Causes of atrial fibrillation include diseases that result in 
left atrial enlargement. Underlying conditions include:
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Fig. 5.67: Atrial flutter, rapid ventricular rate: note no flutter waves in lead I; is a clue to a diagnosis of flutter when the saw tooth pattern 
is difficult to recognize.

 ■ Rheumatic mitral and aortic valve disease.
 ■ All forms of valvular heart disease including myxoma-

tous mitral valve prolapse.
 ■ Congestive heart failure
 ■ Hypertension
 ■ Cardiomyopathies
 ■ Ischemic heart disease
 ■ Congenital heart disease
 ■ Constrictive pericarditis 
 ■ Alcohol 
 ■ Specific heart muscle diseases 
 ■ Cor pulmonale, thyrotoxicosis, post-thoracotomy, 

hypoxemia and ruptured esophagus. 
 ■ Atrial fibrillation commonly occurs in individuals, 

 particularly the elderly with normal hearts.
 ■ Sick sinus syndrome should be considered in patients 

with syncope, atrial fibrillation and narrow QRS 
 complexes. If the QRS complex is wide, think of 
 antidromic WPW syndrome.

ECG Hallmarks

 ■ RR intervals that are irregularly irregular (completely 
irregular) (Figs. 5.68 to 5.77) 

 ■ Irregular undulation of the baseline that may be gross 
and distinct or barely perceptible, described as coarse 
(Fig. 5.71) and fine fibrillation. 

 ■ There may be no recognizable undulations of the 
 baseline, in particular in lead V1, where it is best seen; 
in this situation, careful measurement of the RR inter-
vals is necessary to detect slight irregularities. 

 ■ Coarse fibrillation is frequently seen with rheumatic val-
vular heart disease and significant atrial enlargement.

 ■ Occasionally, small P-like waves or APBs. 
 ■ The atrial rate ranges from 350 beats/min to 500 beats/

min, and there is variable AV conduction, resulting in a 
chaotic ventricular response.

 ■ QRS complexes often varying in amplitude.
 ■ The heart rate is commonly 100–180 beats/min, 

but possibly accelerates to more than 200 beats/min. 
Rates of more than 200 beats/min should suggest WPW 
 syndrome. With WPW antidromic tachycardia, wide QRS 
tachycardia with rates of 250–320 beats/min may occur.

Differential diagnosis in patients with an irregularly 
 irregular (completely irregular) rhythm includes: 

 ■ Atrial fibrillation
 ■ Multifocal atrial tachycardia; the varying morphology  

of P waves preceding most QRS complexes and the 
changing PR, RR and PP intervals should confirm MAT; 
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Fig. 5.68: Atrial fibrillation. ECG of a 71-year-old normotensive woman with a 5-year history of stable angina and no valvular or other 
heart disease. RR intervals are irregularly irregular; no P waves; controlled ventricular rate.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 129, Figure 5.74.

Fig. 5.69: Atrial fibrillation in a 29-year-old man with a normal 
heart. Coarse undulations in V1; RR intervals completely irregular;  
ventricular response 102 beats/min.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Phila-
delphia: WB Saunders, Elsevier Science; 2006, p. 130, Figure 5.75.

at least three different morphologic P waves should be 
observed in the same lead. 

 ■ Paroxysmal atrial tachycardia with variable AV block 
(see earlier discussion).

 ■ Atrial flutter with variable AV conduction; the saw-
tooth pattern in leads II, III, and aVF and little or no 
atrial activity in leads I, V5, and V6 are clues to flutter. 

 ■ Artifacts caused by somatic tremors that may occur 
mainly in the limb leads, in particular in patients with 
Parkinson’s syndrome: P waves should be visible in 
lead V1 or the precordial leads.

WIDE QRS TACHYCARDIA
The diagnosis of a wide QRS complex tachycardia should 
be considered as regular or irregular.
 Regular wide QRS include:

 ■ VT (coronary and noncoronary)
 ■ All types of supraventricular tachycardia with pre-

existing or functional bundle branch block (aber-
ration): sinus tachycardia, SVT or atrial flutter with 
fixed AV conduction with preexisting bundle branch 
block: WPW orthodromic (preexcited tachycardia, 
WPW  syndrome with anterograde conduction over an 
 accessory pathway, antidromic). 
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Fig. 5.70: Atrial fibrillation in a 38-year-old man with a “normal heart”; uncontrolled ventricular response 166 beats/min.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006, p. 131, Figure 5.76.

Fig. 5.71: Atrial flutter/fibrillation; with complete atrioventricular block (AV block) with RBBB morphology of the escape rhythm the ven-
tricular rate is very slow 39/min because of the AV block.

VENTRICULAR TACHYCARDIA (VT)
All wide QRS regular tachycardias should be treated as VT 
until proved otherwise. ECG hallmarks are given in Figure 
5.72. 

 ■ You need to assess a complete 12-lead ECG, in parti-
cular leads V1 to V6, to observe the hallmarks of VT. 
Lead 11 and V1–V6 must be carefully scrutinized. 

 ■ Look for positive concordance that can occur with VT 
and other tachyarrhythmias (Fig. 5.73).

 ■ Predominantly negative QRS complexes in precordial 
leads V4 to V6 is definitely VT (Figs. 5.72 and 5.74).

 ■ The presence of a QR complex in one or more of the 
precordial leads V2 to V6 (Fig. 5.72). 

 ■ Negative precordial concordance is diagnostic of VT 
(Fig. 5.72), but positive concordance (all complexes 
positive in leads V1 to V6) can be VT or circus move-
ment antidromic WPW tachycardia.

 ■ An RS interval of more than 0.10 second in any  
precordial lead.

 ■ Atrioventricular dissociation; more QRS complexes 
than P waves. P wave identification may be difficult, 
however. T waves or the terminal or initial parts of 
the QRS complex may resemble P waves, causing an  
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Fig. 5.72: Ventricular tachycardia: negative concordance. Positive 
concordance in leads V1 to V6 can be caused by ventricular tachy-
cardia or Wolff-Parkinson-White antidromic (preexcited) tachycar-
dia and other tachyarrhythmias. It is necessary to study the entire  
12-lead tracing with particular emphasis on leads V1 to V6; lead II 
may be useful.
*Or concordant negativity in leads V1 to V6; positive concordance 
in leads V1 to V6 can be caused by ventricular tachycardia or 
Wolff-Parkinson-White antidromic (preexcited) tachycardia.
**It is necessary to study the entire 12-lead tracing with particular 
emphasis on leads V1 to V6; lead II may be useful for assessment 
of P waves and atrioventricular dissociation.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. 
Philadelphia: WB Saunders, Elsevier Science; 2006, p. 135;  
Figure 5.80.

Fig. 5.73: Complexes in the V leads show positive concordance.

incorrect diagnosis of supraventricular tachycardia. AV  
dissociation is not a reliable diagnostic point.

 ■ Ventricular tachycardia: Complexes in the V leads 
show negative concordance, diagnostic for VT.

Other Suggestive Features for VT Include
 ■ Positive concordance (Fig. 5.73)

 ■ A QS or rS in lead V6 or net negative QRS complex 
in lead V6; a small R wave with a deep S in lead V6 is 
 typical of VT (Fig. 5.72).

 ■ Left rabbit ear taller than right rabbit ear in lead V1 
(Fig. 5.72). The rabbit ear may be subtle; a slurred 
or notched S downstroke in lead V1 or V2 suggests 
VT. 
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 ■ Axis commonly −90° to ±180°. The axis may be normal, 
however, in patients with idiopathic VT and some 
other varieties.

 ■ Negative precordial concordance: This is an impor-
tant feature of VT because this pattern does not occur 
during antidromic WPW syndrome using anterograde 
conduction over the bypass tract; in this situation, 
 positive concordance occurs.

TORSADES DE POINTES
Torsades de pointes is a polymorphic VT that usually 
occurs in the presence of a prolonged QT interval. The 
RR interval is irregular; the QRS complexes show a typical 
twisting of the points. The amplitudes of complexes vary 
and appear alternately above and below the baseline. The 
ventricular rate varies from 200 beats/min to 300 beats/
min, but can reach 400 beats/min and is usually nonsus-
tained, lasting 0.5 to 1 minute. Longer episodes degener-
ate into VT.
 Drugs and conditions that increase the QT interval 
may precipitate torsades de pointes and include quini-
dine, procainamide, amiodarone, disopyramide, sotalol, 
tricyclic antidepressants, phenothiazines, histamine H1 
antagonists such as terfenadine, antiviral and antifungal 
agents, hypokalemia, hypomagnesemia, insecticide pois-

Fig. 5.74: Ventricular tachycardia: negative concordance. Positive concordance in leads V1 to V6 can be caused by ventricular tachy-
cardia or Wolff-Parkinson-White antidromic (preexcited) tachycardia and other tachyarrhythmias.

Figs. 5.75: ECG from a 46-year-old man with a few short bouts of 
nonbothersome palpitations over 3 years. Onset of rapid tachycar-
dia with presyncope resulted in an emergency room assessment. 
ECG reveals atrial fibrillation, rapid ventricular response, and wide 
QRS indicating conduction down the accessory pathway (anti-
dromic, preexcited circus movement). Intravenous procainamide 
caused reversion; the ECG in sinus rhythm showed Wolff-Parkin-
son-White syndrome. The patient had electrophysiologic studies 
and successful ablation.
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Fig. 5.76: Second degree AV block; type 1: In the bottom strip lead II: the PR interval increases: following the third QRS complex that 
has the longest PR interval there is a pause because the P wave fails to conduct (Wenckebach phenomenon). Not all type 1 second 
degree AV block shows a Wenckebach phenomenon. 

Fig. 5.77: Type 1 AV block. Typical Wenckebach phenomenon: Note beat 3, PR prolongation a QRS complex then fol-
lowed by a dropped beat (the P wave is on the T wave of the third beat); then a long pause as failure to conduct this P wave. 
After a pause the PR following is the shortest. The PR interval is shortest after the pause. Other clues to presence of Wencke-
bach: (1) The QRS are grouped in pairs or trios. (2) the longest cycle is longer the twice the shortest. Note not all type 1 
blocks reveal a Wenckebach pattern. Wenckebach in 1999 without an ECG concluded from the venous pulse waves the  
phenomenon. Mobitz in 1924 with the ECG defined type 1 and type 2 AV blocks.
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oning, bradyarrhythmias, congenital long QT syndrome, 
cirrhosis, and subarachnoid hemorrhage.

SUPRAVENTRICULAR TACHYCARDIAS 
WITH WIDE QRS

 ■ A wide QRS tachycardia and a diagnosis of aberration 
should be made only in special circumstances in which 
patients were known to have bundle branch block  
earlier, and supraventricular tachycardia has ensued.

 ■ Supraventricular tachycardia with a wide QRS complex 
is the likely diagnosis when atrial flutter or fibrillation 
occurs in a patient with WPW syndrome. An example 
of this form of preexcited tachycardia is shown in  
Figure 5.75. Antidromic circus movement tachycardia 
(anterograde conduction over an accessory pathway) 
may cause a wide QRS tachycardia with  positive con-
cordance in leads V1 to V6 that resembles VT.

 ■ In patients with irregular wide QRS tachycardias, the 
differential diagnosis includes atrial fibrillation with 
aberrant conduction or WPW syndrome with conduc-
tion over an accessory pathway (Fig. 5.75).

 ■ In patients with very fast ventricular rates, in particular 
RR intervals less than or equal to 240 msec (fewer than 
six small spaces), WPW syndrome should be strongly 
considered.

BRADYARRHYTHMIAS

Sinus Bradycardia
 ■ Sinus rhythm with rates of 50–60 beats/min is com-

monly observed in healthy individuals, and rates of 
36–42 beats/min occur in most athletes. Causes of 
sinus bradycardia include: 

 ◆ Physiologic causes; IHD; sick sinus syndrome; 
hypothyroidism; and cardioactive drugs, in par-
ticular beta-blockers, digoxin, and verapamil. If 
the rate is less than 40 in a nonathletic individual,  
consider complete heart block. 

First-degree Atrioventricular Block
 ■ The normal PR interval ranges from 0.12 to 0.20 second 

(see Table 5.1 and Fig. 5.2E). Some normal individuals 
have intervals of 0.22 second.

Second-degree Atrioventricular Block
 ■ Patients with second-degree AV block should be 

 categorized as having Mobitz type I (Wenckebach) or 
Mobitz type II block.

 ■ Two types of second-degree AV block were originally 
described by Wenckebach and Hay from their analysis 
of the A, C and V waves in the jugular venous pulse; 
with the introduction of the ECG, Mobitz classified 
these blocks as type I and type II.

Mobitz Type I Atrioventricular Block 
(Wenckebach) 
ECG hallmarks:

 ■ The PR interval may begin within normal limits or 
may be slightly prolonged, then with each beat, the 
PR interval gradually lengthens. Finally, the impulse 
fails to reach the ventricles, and the QRS complex is 
dropped.

 ■ Following the dropped beat, the PR interval is the 
shortest PR (Fig. 5.76). 

 ■ The beats are grouped in pairs or trios. 
 ■ The long cycle containing the dropped beat (pause) is 

shorter than two of the shorter cycles because it con-
tains the shortest PR interval.

 ■ This type of benign block is observed with acute infe-
rior MI, rheumatic fever, acute myocarditis, PAT, old 
age, digitalis toxicity, and administration of verapamil 
and diltiazem.

 ■ Block is at the level of the AV node and rarely pro-
gresses to Mobitz type II or complete AV block.

Mobitz Type II Atrioventricular Block
Diagnostic features:

 ■ At least two regular and consecutive atrial impulses   
(P waves) are conducted with the same PR interval before 
the dropped beat as shown in Figure 5.78.

 ■ With high-grade block (2:1, 3:1), two or more consecu-
tive atrial impulses fail to be conducted, in particular 
when the atrial rate is slow, and in the absence of inter-
ference by an escaping subsidiary pacemaker.

 ■ The QRS complex may be narrow if the conduction 
problem is in the His bundle and more than 0.12 sec-
ond if the lesion is situated below the His bundle. The 
condition may precipitate third-degree AV block.
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Fig. 5.78: Mobitz type II second-degree atrioventricular block. There is a 3:2 conduction. The QRS complex has a left bundle branch 
block morphology. Two regular and consecutive atrial impulses are conducted with the same PR interval before the dropped beat. 
Source: From Chou T-C. Electrocardiography in Clinical Practice, 4th ed. Philadelphia, Saunders, 1996, p. 453. With permission elsevier 
Science

 ■ The PR interval is normal or slightly prolonged, but 
remains constant, as opposed to Mobitz type I, in 
which the PR interval gradually becomes prolonged 
before the dropped beat.

 ■ Ventricular rhythm is irregular because of noncon-
ducted beats.

 Mobitz type II block is usually caused by fibrotic dis-
ease of the conduction system or anteroseptal MI and may 
cause syncope or complete AV block. The condition is made 
worse by atropine, exercise, or catecholamines, whereas 
Mobitz type I block improves with atropine or exercise.

Third-degree AV Block
Complete AV block is a serious condition and requires 
prompt diagnosis and treatment (Figs. 5.79 to 5.82).

ECG Hallmarks
 ■ P waves are sinus waves and plentiful with very few 

QRS complexes.
 ■ Atrioventricular dissociation; no relationship 

between P waves and QRS complexes; complete 
absence of AV conduction. 

 ■ The RR intervals are regular. 

 ■ The QRS complex is narrow if the site of block is 
in the AV node with an escape rhythm originating 
in the AV junction. The QRS complex is wide if the 
escape rhythm originates from the ventricle or in 
the AV junction in the presence of bundle branch 
block.

 ■ The ventricular rate is very slow, less than 45 beats/
min, commonly 31–38 beats/min, but with congenital 
AV block, rates may be 40–60 beats/min.

 ■ With complete AV block, anterograde conduction 
never occurs, but in less than 20% of complete AV 
blocks, retrograde conduction to the atria occurs AV 
dissociation may occur without the presence of third-
degree AV block. 

 ■ It is surprising that many elderly patients are able to 
tolerate a rate of 35–40 beats/min without symptoms 
(Fig. 5.81).

 Many ECG image are shown in this chapter. But in 
clinical practic about 2–10% are of poor Quality containing 
distortion artifacts that prevent accurate interpretation. 
The author has provide a new electrode placementmethod 
for obtaining better Quality 12-lead ECGs (Khan 2015); see 
Chapter 22.
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Fig. 5.80: Complete atrioventricular block. Female age of 73 years; heart rate 35 beats/min.

Fig. 5.81: Routine ECG on an asymptomatic female age of 79 years, heart rate 35 beats/min; P waves bear no relation to QRS com-
plexes, note the PR intervals are not constant. The P waves just march through; P to P measurements are the same throughout L; 
complete third degree atrioventricular block: complete heart block. 

Fig. 5.79: Complete atrioventricular (AV) block. Female age of 92 years; heart rate 31 beats/min. 
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Fig. 5.82: Complete heart block. Same patient as in Figure 5.81, ECG done months later heart rate 34 beats/min, remains asympto-
matic, pacing done within weeks of this recording.
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Chest X-ray Interpretation
6

CHAPTER

 ■ Check soft tissues and bones
 ■ Check lung fields
 ■ Check hila
 ■ Check tracheobronchial tree
 ■ Check cardiac shadow
 ■ Check vascular pedicle
 ■ Check thoracic aorta
 ■ Check diaphragm and costophrenic angles

NORMAL POSTEROANTERIOR 
CHEST RADIOGRAPH
The posteroanterior chest radiograph (Figs. 6.1 and 6.2) 
is taken at full inspiration with a 6-feet distance between 
the X-ray tube and the film to minimize magnification and 
increase sharpness of detail, with the front of the patient’s 
chest pressed against the film cassette. It is important to 
analyze the chest film systematically, despite the temp-
tation to focus on an obvious lesion. The routine used to 
ensure systematic examination varies with the individual 
physician, but analysis of the film in the following order is 
suggested:

 ■ Check for patient rotation because this causes asym-
metry of the soft-tissue shadows, which may produce 
apparent increased density in one lung (Fig. 6.3) and 
may simulate or disguise mediastinal shift

Fig. 6.1: Normal posteroanterior radiograph of the chest.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 2.

Fig. 6.2: Line drawing of posteroanterior chest. (1. Trachea,  
2. Right innominate vein, 3. Superior vena cava SVC, 4. Right 
atrium, 5. Right main bronchus, 6. Intermediate bronchus, 7. Right 
upper lobe artery, 8. Right upper lobe vein, 9. Descending branch 
of right pulmonary artery, 10. Lesser fissure; usually lies between 
the anterior ends of the third and fourth ribs; horizontal disposi-
tion, commonly smoothly convex superiorly, 11. Aortic knuckle, 
12. Left subclavian artery, 13. Left pulmonary artery, 14. Left main 
bronchus, 15. Left lower lobe bronchus, 16. Left lower lobe artery,  
17. Main pulmonary artery, 18. Left auricular appendage [not seen 
as a separate bulge in normal hearts], 19. Apex of left ventricle, 
20. Descending aorta).
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 3.
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NORMAL LATERAL  
CHEST RADIOGRAPH
The lateral chest radiograph (Fig. 6.4) also is taken at a 
6 feet distance, in full inspiration. A left lateral position  
(i.e. with the left-side nearer to the film) is preferred 
because in this situation the right hilum is projected in 
front of the left, allowing differentiation of the hila. In the 
right lateral position, the hila are superimposed. Figure 6.5 
is an instructive line drawing of the lateral chest. It is 
important that the lateral radiograph also be analyzed 
systematically; this applies particularly to the divisions of  
the mediastinum because certain lesions have preferential 
locations in the various divisions. A variety of classifica-
tions of the mediastinum exist; the simplest and most 
effective is the long-established anatomic classification 
(Fig. 6.6).
 A suggested routine for systematic evaluation is as  
follows:

 ■ Check soft tissues and bones, particularly the thoracic 
spine

 ■ Check anterior mediastinum 
 ■ Check middle mediastinum 
 ■ Check posterior mediastinum

Fig. 6.3: Rotated posteroanterior chest. Notice from the position of 
the clavicles and the trachea in relation to the thoracic spine that the 
patient is rotated to the right. This has displaced the heart to the right 
and has caused asymmetric density of the lung fields, the left lung 
field appearing denser than the right.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006. 
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 4.

Fig. 6.4: Normal lateral chest radiograph.
Sources: 
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 5.

Fig. 6.5: Line drawing of lateral chest. (1. Trachea, 2. Retrotracheal 
triangle, 3. Manubriosternal junction [angle of Louis], 4. Ascen ding 
aorta, 5. Main pulmonary artery, 6. Right ventricle, 7. Posterior  
aspect of arch of aorta, 8. Left pulmonary artery, 9. Origin of left up-
per lobe bronchus, 10. Origin of right upper lobe bronchus, 11. Right 
hilum, 12. Left atrium, 13. Left ventricle, 14. Inferior vena cava).
Sources: 
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore, Williams & Wilkins, 1997; p. 6.

 ■ Check diaphragm and posterior costophrenic angles
 ■ Check superior mediastinum.
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ABNORMAL SIGNS ON  
POSTEROANTERIOR CHEST 
RADIOGRAPH

Soft Tissues and Bones
 ■ To detect lesions of the chest wall, such as rib meta-

stases, the soft tissues and bony structures of the thorax 
should be examined before the lungs are analyzed.

 ■ Chest wall lesions and normal variants may give the false 
impression of pulmonary disease. Abnormalities of 
the chest wall may alter the density of a hemithorax (see 
Unilateral Hyperlucency of the Lung). A mastectomy, the 
most common of such causes, produces ipsilateral hyper-
lucency. Conversely, a chest wall mass may increase the 
density of the ipsilateral hemithorax.

 ■ Normal variants on the chest wall that may be con-
fused with a pulmonary nodule

 ■ Sclerotic or hypertrophic anterior costal cartilages, 
especially in the first rib

 ■ Sclerotic foci (bone islands) in the ribs
 ■ Nipple shadow 
 ■ Lung fields

 Because of the multiplicity of abnormal signs in the 
lung fields, they are discussed individually later in this 
chapter under Lung Parenchyma.

Hila
 ■ The radiographic hila are composed primarily of vas-

cular shadows, predominately the pulmonary arteries.
 ■ Displacement of the hila is common in collapse, fibro-

sis, or resection of the lung and is estimated from the 
disturbance of this normal relationship (Fig. 6.7).

Enlarged Hila
 ■ Enlarged but otherwise normal hila occur with dila-

tion of the pulmonary arteries. Dilation is an index of 
increased pulmonary artery pressure or of increased 
pulmonary artery flow; the most common causes 
are congenital heart disease with left-to-right shunt  
(Fig. 6.8), cor pulmonale and severe pulmonary hyper-
tension.

 ■ Unilateral enlargement of a pulmonary artery may 
occur in massive embolization, in which the artery 
becomes distended by thrombus; Figure 6.9 shows a 
diameter of 22 mm, and it should not exceed 16 mm 
in diameter.

 ■ The caliber of the left pulmonary artery is not so easily 
estimated because it runs partly lateral and partly pos-
terior to the left lower lobe bronchus.

 ■ Enlarged and lobulated hila are characteristics of 
hilar adenopathy (Fig. 6.10).

Fig. 6.6: Divisions of the mediastinum. This is the long-established 
anatomic classification used in this text.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders,Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 7.

Fig. 6.7: Marked elevation of the left hilum (white arrow) from  
radiation fibrosis in the left upper lobe. The left main bronchus is 
not straight, but terminates in an upward curve (black arrow) from 
this elevation of the left hilum.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 8.
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Fig. 6.8: Enlarged hila from increased pulmonary arterial flow in 
an atrial septal defect. Note the mild prominence of the main pul-
monary artery. The width of the right descending pulmonary artery 
(arrows) is 20 mm (normal maximum is 16 mm). 
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 149, Figure 6.8.

Fig. 6.9: Enlargement of the right hilum from distention of the 
descending right pulmonary artery from a massive pulmonary 
embolus. The transverse diameter of the pulmonary artery is 22 
mm. The distention is the result not of increased pulmonary artery 
pressure proximal to the clot, but of distention by thrombus. Note 
the abrupt change of caliber in the descending pulmonary artery, 
which is accompanied by diminished vascularity in the lower lobe.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 150.

Dense Hilum
The density of the hilar shadows on the two sides is sym-
metric, and a valuable sign is the presence of increased 
density of one hilum (Fig. 6.11). If a hilum is not enlarged 
and does not show calcification, intrinsically, it cannot 
be denser than normal; there must be an intrapulmonary 
density superimposed on it. This is a frequent sign in carci-
noma of the bronchus.

Tracheobronchial Tree
Trachea

 ■ The trachea is normally straight and lies in the midline 
of the chest as judged by its relationship to the upper 
thoracic spinous processes and to the medial ends of 
the clavicles.

 ■ In the root of the neck, the trachea may be bowed, 
commonly by thyroid enlargement (Fig. 6.12).

 ■ Between the sternal notch and the aortic arch, tracheal 
bowing is common, the trachea being either pushed by 
a mass or pulled by loss of volume in the adjacent lung 
(fibrosis, atelectasis or resection).

 ■ Uniform displacement of the trachea, as opposed to 
localized bowing, occurs with mediastinal shift when 
there is any major change of lung volume, particularly 
after collapse or resection of the lung.

Fig. 6.10: Bilateral symmetric enlargement and lobulation of the 
hila from adenopathy. Although suggestive of pulmonary sarcoido-
sis, this enlargement was the result of metastasis from melanoma. 
Melanoma and hypernephroma are particularly likely to produce 
this type of hilar metastasis. There is also subcarinal adenopathy 
causing increased density and deviation of the upper portion of 
the azygoesophageal recess. Note also the 2.5 cm intrapulmonary 
metastatic mass behind the lower right heart border (arrow).
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 16.
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Right Paratracheal Stripe
 ■ The right paratracheal stripe is produced by contact 

of the lung with the right lateral border of the trachea. 
It is a well-defined thin line, which should not exceed  

Fig. 6.11: Comparison with the right hilum shows a distinct increased 
density of the left hilum (arrow). This indicates a density superim-
posed on the hilum and is a frequent sign in the small peripheral bron-
chial carcinoma. In this case, the carcinoma was a peripheral lesion 
in the superior segment of the left lower lobe.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 19.

Fig. 6.12: Bowing and displacement of the trachea to the right by a 
left-sided goiter. The soft tissue mass of the goiter can just be dis-
tinguished extending down to just above the aortic knuckle (arrow). 
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 20.

Figs. 6.13A and B: (A) Normal radiograph of a patient before the development of right paratracheal and hilar adenopathy. Note the 
clarity of the thin right paratracheal stripe, ending in the azygos vein; (B) The same patient with bilateral symmetric hilar adenopathy of 
sarcoid. The right paratracheal stripe is blurred, and there is a subtle increased density in the azygos area. These latter findings are the 
result of enlargement of the azygos node.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 24.

A B

4 mm in width, and is commonly seen ending at the 
azygos vein (Fig. 6.13A).

 ■ In the absence of disease in the adjacent lung or pleura, 
blurring of this stripe, particularly when accompanied 



Chest X-ray Interpretation 109

by increased density or a convex bulge, is a significant 
sign (Fig. 6.13B).

 ■ Causes of blurring of the paratracheal stripe are listed 
in Table 6.1.

Cardiac Shadow
The anatomic composition of the heart borders is illus-
trated in Figure 6.14:

 ■ Measuring cardiothoracic ratio, normal cardiac con-
tours and normal pattern of pulmonary vessels are 
shown in Figures 6.15A and B.

 ■ The narrow transverse diameter of the heart that occurs 
in chronic obstructive pulmonary disease (COPD) and 
the prominence of the main pulmonary artery that 
occurs in primary or secondary pulmonary hyperten-
sion may be important consideration in patients who 
have pulmonary symptoms.

 ■ The clarity of the heart borders is an important consid-
eration in localizing pulmonary disease, arising from 
the significance of the “silhouette sign”.

Fig. 6.14: Line drawing of posteroanterior chest. (1. Trachea,  
2. Right innominate vein, 3. Superior vena cava SVC, 4. Right 
atrium, 5. Right main bronchus, 6. Intermediate bronchus, 7. Right 
upper lobe artery, 8. Right upper lobe vein, 9. Descending branch 
of right pulmonary artery, 10. Lesser fissure; usually lies between 
the anterior ends of the third and fourth ribs; horizontal disposi-
tion, commonly smoothly convex superiorly, 11. Aortic knuckle, 
12. Left subclavian artery, 13. Left pulmonary artery, 14. Left main 
bronchus, 15. Left lower lobe bronchus, 16. Left lower lobe artery,  
17. Main pulmonary artery, 18. Left auricular appendage [not seen 
as a separate bulge in normal hearts], 19. Apex of left ventricle, 
20. Descending aorta).
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 149.

Table 6.1: Causes of blurring of the right paratracheal stripe.
Iatrogenic Traumatic

Hemorrhage Catheter insertion
Postmediastinoscopy

Adenopathy Particularly rupture of adjacent lung consoli-
dation or pleural effusion

Figs. 6.15A and B: (A) Blurring of the lower aspect of both cardiac borders by pericardial fat.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006; p. 154, Figure 6.14; p. 
154, Figure 6.15.

A B

 ■ The silhouette sign results because any intrathoracic 
opacity that obliterates the normally sharp border of 
the heart, aorta or diaphragm must lie in contact with 
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the tangential plane of that structure. Correspond-
ingly, structures in front of or behind the tangential 
plane do not obliterate the margin.

 ■ The heart borders are uniformly sharp except that the 
lower aspects of the heart borders in the cardiophrenic 
angles may be blurred by pericardial fat. A left pericar-
dial fat pad blurring the border is common; bilateral 
fat pads are less common (Fig. 6.15A) and an isolated 
right pericardial fat pad is most rare.

 ■ Blurring of the left heart border is characteristic of  
lingular disease (Figs 6.15B).

 ■ Blurring of the right heart border is seen with middle 
lobe disease (Fig. 6.16).

 ■ Blurring of the right heart border is a common finding 
in depressed sternum (Fig. 6.17). A clue to this on the 
posteroanterior view is that the posterior ribs are more 
horizontal than normal, and the anterior ribs are more 
vertical. Pectus excavatum may cause pseudocardio-
megaly.

Heart Failure Signs
 ■ Interstitial pulmonary edema, a sign of heart failure, 

may be indicated by Kerley B lines that may be 
observed by careful scrutiny for short opaque lines 
best seen along the lateral aspect of the lungs near the 
margins of the ribs (Fig. 6.18A).

 ■ Figure 6.18B shows ill-defined opacification in both 
lung fields, most prominent in the perihilar regions 
caused by alveolar pulmonary edema.

Thoracic Aorta
 ■ The right upper border of the mediastinum above the 

right atrium is a straight edge formed by the supe-
rior vena cava, but an unfolded ascending aorta from 
athero sclerosis may project beyond the superior vena 
cava, producing a convex bulge.

 ■ The lateral border of the ascending aorta should not 
project beyond a vertical line tangential to the right 
atrium; if it does, this should raise consideration of 
poststenotic dilation in aortic stenosis or of aortic 
aneurysm.

 ■ Intimal calcification of the aorta is common in older 
adults (>65 years old). Calcification in the aortic 
knuckle allows the thickness of the aortic wall to be 
determined, and it should not be greater than 6 mm. 

Aortic Aneurysm
 ■ Figure 6.19 shows an obvious aneurysm of the aortic 

arch, and the intimal calcification shows that the thick-
ness of the aortic wall is 16 mm; this indicates a dis-
secting aneurysm of the aorta.

Fig. 6.16: Blurring of the right heart border by consolidation in the 
medial segment of the middle lobe.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders,Elsevier Science; 2006; p. 155.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore. Williams & Wilkins, 1997; p. 30.

Fig. 6.17: Blurring of the right heart border from depressed ster-
num. Note the characteristic configuration of the ribs that commonly 
occurs in depressed sternum. The posterior aspects of the ribs 
are more horizontal than normal, and the anterior aspects more 
sharply declining.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 156, Figure 6.17.



Chest X-ray Interpretation 111

 ■ In children and young adults, the descending aorta lies 
predominately in front of the vertebral column. As the 
patient ages, the aorta becomes tortuous and comes 

to lie increasingly to the left of the vertebral col-
umn, producing a double density behind the heart; 
this can be confusing if the continuity of the shadow 
with the upper descending aorta is not appreciated  
(Fig. 6.20).

Figs. 6.18A and B: (A) Kerley B lines in interstitial pulmonary edema. These are short opaque lines (arrowhead) seen best along the lateral  
aspects of the lungs. Thickened interlobular septa from lymphangitic spread of tumor can produce an identical appearance. (B) Diffuse 
alveolar pulmonary edema showing ill-defined opacification in both lungs that is most prominent in the perihilar regions.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006; p. 172, Figure 6.34; p. 
173, Figure 6.35.

A B

Fig. 6.19: The aortic knuckle is obviously circumferentially  
enlarged, indicating an aneurysm of the aortic arch. In addition, 
intimal calcification can be seen (arrow), and this allows the thick-
ness of the aortic wall to be measured. The aortic wall is markedly 
thickened (1.6 cm), indicating a dissecting aneurysm.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 32.

Fig. 6.20: The left paravertebral soft-tissue shadow behind the left 
side of the heart (black arrow) could be mistaken for a paraver-
tebral soft-tissue swelling if the continuity of the margin with the 
upper descending aorta (white arrow) is not recognized. Note also 
the right paratracheal bulge and loss of the paratracheal stripe 
from enlarged nodes (white arrow).
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 158.
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Fig. 6.21: Bilateral pleural effusions in a patient with metastatic 
nodules scattered throughout both lungs, primary unknown. There 
is a small left pleural effusion obliterating the left costophrenic 
angle, with an ill-defined margin. There is a larger right pleural 
effusion, also with an ill-defined margin, extending along the axil-
lary margin of the lung. There is a little atelectasis in the anterior 
segment of the right upper lobe, abutting on the outer aspect of 
the lesser fissure.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 36.

Diaphragm and Costophrenic Angles
 ■ The radiologic custom is to refer to the right and left 

hemidiaphragms as the right and left diaphragms.
 ■ Both diaphragms, the costophrenic angles, and the 

cardiophrenic angles are normally well-defined except 
that pericardial fat may blur the cardiophrenic angles. 
Blurring of the diaphragm implies either pleural fluid 
or disease in the adjacent lung field.

 ■ The dome of the right diaphragm is normally 1 cm 
higher than the left, although the right and left cardio-
phrenic angles are usually at about the same level.

 ■ The outline of the right diaphragm is lost as it reaches 
the right heart border.

 ■ The left diaphragm is visible medially as far as the ver-
tebral column.

 ■ A weakened and elevated anteromedial flange of the 
diaphragm is common, particularly on the right.

 ■ When weakening is extensive and involves most of 
the diaphragm, it is termed as “eventration of the  
diaphragm”. Eventration is distinguishable from a  
paralyzed diaphragm by a costophrenic angle that 
remains at the normal level in eventration.

Pleural Effusion
 ■ A trace of fluid in the costophrenic angle merely blunts 

the angle.
 ■ A minimal pleural effusion obliterates the angle, but 

the margins are ill-defined (Fig. 6.21).
 ■ A larger effusion causes an obvious homogeneous 

density with an ill-defined margin extending upward 
and inward from the costophrenic angle and exten-
ding along the axillary border of the lung.

 ■ Massive effusions extend over the apex of the lung 
onto the mediastinal aspect of the apex (Fig. 6.22) and 
usually cause a mediastinal shift to the opposite side. 
Large effusions commonly cause compression atelec-
tasis of the underlying lung (particularly of the basal  
segments), and if the atelectasis is sufficient, no media-
stinal shift is produced.

 ■ Particularly large effusions may cause depression of 
the diaphragm and on the right commonly displace 
the azygoesophageal recess to the left of the midline.

 ■ A lateral decubitus film is valuable in confirming that 
the obliteration is the result of fluid and not pleural 
adhesions and in giving an index of the volume of the 
effusion.

Fig. 6.22: Massive right pleural effusion, extending over the apex 
of the lung onto the mediastinal aspect of the upper lobe. There 
is no mediastinal shift because of the complete collapse of the  
middle and lower lobes. The left paravertebral opacity (arrow) is 
the result of right pleural effusion bulging the azygoesophageal 
recess to the left of the midline.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 159.
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Fig. 6.23: Old pleural thickening obliterating the left costophrenic 
angle. Note the considerable lateral elevation and straightening of 
the left diaphragm and the sharpness of the costophrenic angle, 
indicating an old pleural reaction with adhesions from fibrosis 
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 38.

 ■ Costophrenic angle blunting or obliteration may be 
produced by flattening of the diaphragm in COPD or 
by fibrous adhesions from previous effusion; these can 
usually be distinguished from fluid in that the costo-
phrenic angle is sharp and well defined in these two 
circumstances.

 ■ An additional sign of old pleural adhesions rather 
than recent effusion is straightening of the diaphragm 
with elevation of the lateral aspect (Fig. 6.23). Because 
of the fibrous adhesions, the lateral aspect does not 
descend with the rest of the diaphragm on inspira-
tion, impairing the normal “piston action” of the dia-
phragm. Occasionally, pleural fluid collects under 
the lung, a subpulmonic or infrapulmonary effusion. 
It has a characteristic appearance on posteroanterior 
and lateral views. In the normal posteroanterior view, 
the dome of the diaphragm lies in the medial third, 
whereas in infrapulmonary effusion, it is displaced to 
the lateral third, and there is usually a minimal effu-
sion in the costophrenic angle.

 ■ A further sign is that the normal vascular pattern is not 
seen behind the dome of the diaphragm, a result of the 
usually associated posterior costophrenic effusion.

 ■ On the left side, infrapulmonary effusion is easier to 
diagnose because of the increased space between the 

gastric air bubble and the apparent dome of the dia-
phragm.

 ■ Infrapulmonary effusion is easily confirmed with a 
late ral decubitus view.

 ■ Calcification of the diaphragmatic pleura is a frequent 
finding in asbestosis and is usually accompanied by 
pleural thickening and possibly calcification in the 
midaxillary regions. Diaphragmatic pleural calcifica-
tion also can follow empyema, tuberculous pleurisy, 
and hemothorax. Occasionally, an asymptomatic idi-
opathic diaphragmatic calcification is seen.

ABNORMAL SIGNS ON THE 
LATERAL CHEST RADIOGRAPH

Anterior Mediastinum
 ■ The anterior mediastinum lies between the sternum 

anteriorly and the heart and aorta posteriorly and 
extends from the level of the manubriosternal junction 
above to the diaphragm below (see Fig. 6.6).

 ■ The retrosternal space is usually of the same translu-
cency as the retrocardiac space, but undue amounts 
of anterior mediastinal fat make the retrosternal space 
more opaque.

 ■ Normally, the right ventricle is in contact with the  
lowest third of the anterior chest wall, measured from 
the manubriosternal junction to the diaphragm. This 
contact is decreased in emphysema and is increased in 
right ventricular hypertrophy.

 ■ Enlargement of the prevascular lymph glands in 
the anterior mediastinum occurs, particularly in  
lymphoma. The anterior mediastinal mass merges 
with the aortic and cardiac shadows.

 ■ Internal mammary adenopathy occurs, particularly in 
carcinoma of the breast. The nodal mass merges ante-
riorly with the sternum, but it stays separate from the 
vascular shadows.

 ■ The most common primary anterior mediastinal 
tumors are thymomas (Fig. 6.24) and germ cell neo-
plasms, particularly teratomas. These tumors usually 
do not merge with the sternum, but the malignant 
varieties commonly merge with the heart and aortic 
shadows.

Middle Mediastinum
 ■ The middle mediastinum extends posteriorly from the 

anterior mediastinum to the vertical extent of the pos-
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terior limit of the pericardium (see Fig. 6.6). It includes 
the heart, distal trachea and hila.

 ■ The most common abnormality other than cardiac 
seen in the middle mediastinum is hilar adenopathy. 
Figure 6.25 shows the characteristic lobulated enlarge-
ment of right and left hilar nodes.

Posterior Mediastinum
 ■ Although, according to the strict definition, the poste-

rior mediastinum ends prevertebrally, in clinical prac-
tice there is a consensus that it extends paravertebrally 
to the level of the ribs.

 ■ Normally, there is an even gradation of density in the 
thoracic spine that gradually decreases in whiteness 
as one descends inferiorly. Reversal of this gradation 
indicates an overlying density; the most common pul-
monary cause is collapse or consolidation in one of the 
lower lobes.

 ■ The intervertebral foramina show a similar gradation 
of density, and reversal indicates an overlying opacity.

 ■ Aneurysms of the descending aorta usually can be 
seen clearly in the posterior mediastinum on the lat-
eral view (Fig. 6.26).

 ■ The most common primary tumor in the posterior 
mediastinum is a neurogenous tumor, but the most 

common opacity seen in clinical practice is a hiatus 
hernia. If the characteristic air bubble of the hernia is 
missing (Fig. 6.27), the appearance may be confusing.

Diaphragm
The left diaphragm can be distinguished from the right in 
the following ways:

 ■ Assuming a left lateral film, the preferred lateral view 
in most centers, the left posterior ribs are nearer to the 
film and smaller and better defined than are the right.

 ■ If the gastric air bubble can be clearly identified as 
being applied to one diaphragm, this identifies it as the 
left diaphragm.

 ■ The posterior costophrenic angles are normally sharp. 
They become obliterated or blurred in pleural effusions.

 ■ The posterior costophrenic angles also can be obl-
iterated by either pleural adhesions or diaphragmatic 
flattening in COPD.

 ■ Infrapulmonary effusion has a characteristic appea-
rance on the lateral view and on the posteroanterior 
view. This fluid resembles an elevated diaphragm, but 
with a sharply declining straight anterior border con-
tinuous with the major fissure. There is usually blur-
ring of the posterior costophrenic sulcus from the 

Fig. 6.24: One of the two most common anterior mediastinal pri-
mary tumors, a thymoma. It is distinct from the sternum anteriorly 
and merges with the vascular shadow posteriorly.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 44.

Fig. 6.25: Marked right hilar and left hilar (arrows) node enlarge-
ment in a patient with non-Hodgkin’s lymphoma.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 45.
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small effusion, which usually occurs in association 
with the infrapulmonary fluid.

Superior Mediastinum
 ■ The superior mediastinum extends from the thoracic 

inlet above to a line drawn between the lower border 
of the fourth thoracic vertebra posteriorly and the 
manubriosternal junction anteriorly (see Fig. 6.6).

 ■ In the anterior aspect of the superior mediastinum, in 
front of the trachea, the most common abnormality is 
an intrathoracic goiter, which if large enough causes 
an anterotracheal density and posterior displacement 
of the trachea.

 ■ The space behind the trachea is called the retrotra-
cheal triangle. Its boundaries are the posterior wall of 
the trachea anteriorly, the superior wall of the aorta 
inferiorly, the upper four thoracic vertebrae posteri-
orly, and the thoracic inlet superiorly; it is a unique 
triangle in that it is defined as having four sides. A car-
cinoma of the esophagus may produce a visible mass 
in the triangle.

 ■ The most common abnormal structure in the retro-
tracheal triangle is an intrathoracic goiter, of which 
approximately 25% are retrotracheal. It produces a 
mass abutting on the posterior wall of the trachea. 
Another clinically rare abnormality in this triangle is 
a right-sided aorta.

 ■ The inferior portion of the superior mediastinum is 
occupied by the horizontal portion of the aortic arch. 
The anterior aspect of the superior aortic margin is not 
well-defined because the great vessels prevent the left 
lung from providing a sharp interface with the aorta. 
The posterior aspect is often clearly visible, however, 
particularly in older people. An aneurysm of the aorta, 
with or without calcification, may give a characteristic 
appearance.

LUNG PARENCHYMA
This section discusses the following diseases of the lung 
parenchyma:

 ■ Unilateral hyperlucency of the lung
 ■ Airspace disease
 ■ Atelectasis
 ■ Pulmonary edema
 ■ Pulmonary emphysema
 ■ Bronchiectasis
 ■ Pulmonary masses
 ■ Cavitation
 ■ Diffuse interstitial lung disease

Fig. 6.26: Mild aneurysmal dilation of the lower thoracic aorta  
(arrows).
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 163.

Fig. 6.27: A fixed hiatus hernia (arrows) visible behind the heart. 
With the lack of the characteristic air bubble, this could be con-
fused with a solid space-occupying lesion (e.g. a large esophageal 
tumor) or, in a patient after splenectomy for blood dyscrasia, with 
extramedullary hematopoiesis.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 49.
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Unilateral Hyperlucency of the Lung
Normally, each hemithorax attenuates the radiographic 
beam to roughly the same degree, and the two lungs 
appear of equal density. Many conditions may render 
one hemithorax more translucent (or, conversely, more 
opaque) than the other, leading to the appearance of uni-
lateral hyperlucency.

Radiographic Technique
 ■ If the patient is rotated, the lung that is farther from  

the film may appear darker or more translucent  
(see Fig. 6.3).

 ■ On a bedside radiograph, improper alignment of the 
radiographic grid may lead to unequal exposure of the 
two hemithoraces.

Chest Wall Abnormalities
 ■ Any reduction in the thickness of the chest wall on one 

side can produce ipsilateral hyperlucency.
 ■ Mastectomy, the clue to which is the absence of the 

normal curve of the inferior aspect of the breast, is a 
common cause of unilateral hyperlucency.

 ■ A large unilateral chest wall mass increases the density 
of the ipsilateral hemithorax such that the normal side 
may appear falsely hyperlucent.

Pleural Abnormalities
 ■ Pneumothorax may produce ipsilateral hyperlucency 

(Fig. 6.28). Identification of the visceral pleural line is 
required for the absolute diagnosis of a pneumotho-
rax.

 ■ In the supine patient, a pleural effusion layers posteri-
orly, increasing the density of the ipsilateral hemithorax 
so that the contralateral lung may appear hyperlucent.

Lung Abnormalities
 ■ An increase in the translucency of one lung can result 

from a decrease in its blood flow, a decrease in its inter-
stitial tissue, an increase in its aeration, or a combina-
tion of these factors. True hyperlucency of both lungs 
can occur for identical reasons, but its recognition is 
difficult. Because of the identical density of the two 
lungs, there is no “control” side with which to compare. 
More commonly, a technical aberration leading to an 

increase in the overall blackening of the film gives the 
spurious appearance of bilateral hyperlucency.

 ■ Unilateral hyperlucency from aspiration of a foreign 
body into a main bronchus is more common in children 
than in adults—atelectasis usually occurs in adults.

 ■ Asymmetric pulmonary emphysema in adults may 
lead to relative hyperlucency of the more severely 
affected lung.

 ■ Lobar resection results in compensatory overinflation 
of the remaining lung, which may appear hyperlucent.

 ■ In Swyer-James (MacLeod’s) syndrome, the hyperlu-
cent lung has a small hilum and traps air in expiration; 
an identical appearance occasionally can result from a 
partially occluding neoplasm in a main bronchus.

 ■ Obstruction of a main pulmonary artery by an embo-
lus or a neoplasm may render the ipsilateral lung 
hyperlucent.

Airspace Disease (Alveolar Disease, 
Parenchymal Consolidation)
Consolidation refers to replacement of the air in the pul-
monary acini by fluid, cells or both. Because fluid and 
cells attenuate an X-ray beam to the same degree, a simi-
lar appearance may result regardless of the material that 

Fig. 6.28: Large left pneumothorax causing an increase in the  
lucency of the left hemithorax. Note the visceral pleural margin of 
the collapsed lung (arrows).
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 55.
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fills the acini—edema fluid, inflammatory exudate, blood 
or neoplastic cells. Because consolidation affects primarily 
the airspaces of the lung, rather than the pulmonary inter-
stitium, the radiographic appearance of consolidation is 
known commonly as the airspace or alveolar pattern.

Signs of Parenchymal Consolidation
 ■ Air bronchogram: Because the bronchial tree is not 

occluded in consolidation, the larger conducting air-
ways are visible as dark, tubular, branching structures 
within the opaque areas of consolidation.

 ■ Acinar shadows: Poorly marginated nodular opaci-
ties 4–10 mm in diameter representing consolidated 
acini, if seen, denote filling of the peripheral airspaces.

 ■ Coalescence: As the consolidation spreads, groups of 
involved acini merge, forming coalescent or confluent 
areas of opacification (Figs. 6.29 and 6.30).

 ■ Poor margination: In contrast to a mass that typically 
has discrete margins, an area of consolidation is usu-
ally poorly marginated except where it abuts a fissure 
because of the random superimposition of consoli-
dated and normal groups of acini (Figs. 6.31 and 6.32). 
Rarely, pneumonia results in a spherical, well-defined 
opacity resembling a mass.

 ■ Butterfly pattern of distribution: This bilateral perihilar 
pattern, also known as the batwing pattern, indicates 

consolidation, usually resulting from pulmonary edema 
or pulmonary hemorrhage (see Pulmonary Edema).

 ■ Normal lung volume: Because the acinar air is replaced 
by fluid or tissue, marked volume loss is not a usual 
feature of consolidation unless there is obstruction of 
a major bronchus (see under Atelectasis).

Causes of Parenchymal Consolidation
 ■ Alveolar pulmonary edema of cardiac or noncardiac 

origin
 ■ Acute pneumonia of bacterial, viral or fungal origin
 ■ Pulmonary hemorrhage
 ■ Aspiration of fluid
 ■ Bronchoalveolar carcinoma or lymphoma
 ■ Alveolar proteinosis

Atelectasis (Collapse, Loss of Volume)
Some forms of atelectasis increase the radiographic den-
sity of the affected lung tissue, but this is not essential to 
the diagnosis (e.g. in the presence of a pneumothorax, the 
atelectatic lung is usually of normal density).

Types of Atelectasis
 ■ Resorption atelectasis caused by bronchial obstruction 

is the most common form. An air bronchogram is not 

Fig. 6.29: Diffuse bilateral consolidation from combined Pneumo-
cystis carinii and cytomegalovirus infection in an AIDS patient.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 58.

Fig. 6.30: Legionella pneumonia. Bilateral consolidation with 
marked confluence in the left lung.
Sources: 
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 59.
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present in resorption atelectasis because of the bron-
chial occlusion. Obstructive pneumonitis or drowned 
lung refers to the consolidation that develops in a lobe 
after the occlusion of its lobar bronchus by an endo-
bronchial neoplasm. There is usually no infection, the 
lung being filled with retained bronchial secretions.

 ■ Passive (relaxation) atelectasis occurs in the presence 
of a space-occupying process, such as a pneumotho-
rax, a pleural effusion, or a large mass.

 ■ Cicatrization atelectasis results from pulmonary 
fibrosis (e.g. old granulomatous infection, radiation  
fibrosis).

 ■ Adhesive atelectasis denotes alveolar collapse with 
patent airways and seems to result from a deficiency of 
surfactant. Air bronchograms can be seen in passive, 
cicatrization, and adhesive atelectasis because of air-
way patency in these processes.

 ■ Discoid (plate) atelectasis, generally seen at the lung 
bases, is thought to result from hypoventilation.

Radiographic Signs of Atelectasis
 ■ Displacement of lobar fissures, the most reliable sign 

(Fig. 6.33)
 ■ Displacement of the pulmonary hila (see under Hila)

 ■ Shift of the mediastinum
 ■ Elevation of the hemidiaphragm
 ■ Compensatory overinflation of nonatelectatic lung
 ■ Narrowing of the rib interspaces, the least reliable sign
 ■ Atelectasis of the various lobes of the lung, alone or in 

combination, produces distinct patterns (Fig. 6.34), 
the recognition of which can be a guide to appropriate 
therapy.

Pulmonary Edema
In general, pulmonary edema may result from elevated 
pressure in the pulmonary microvasculature (hydrostatic 
or cardiogenic pulmonary edema), from increased per-
meability of the alveolar-capillary membrane (noncar-
diogenic or increased permeability pulmonary edema), 
or from a combination of both. The ability to distinguish 
cardiogenic from noncardiogenic edema based on the 
appearance of the chest radiograph is a subject of disa-
greement. The radiologic signs of cardiogenic pulmonary 
edema are described next.

Vascular Redistribution 
(Pulmonary Venous Hypertension)
As the pressure increases in the pulmonary venous system, 
redistribution of blood flow to upper zonal vessels occurs, 

Fig. 6.31: Acute tuberculous pneumonia in the left upper lobe. The 
disease is poorly marginated and fades imperceptibly into the nor-
mal lung. 
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 59.

Fig. 6.32: Acute right upper lobe pneumonia showing the sharp  
inferior margination of the consolidation by the minor fissure (arrow).
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 60.
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leading to vascular enlargement in the upper lobes. The sign 
is most reliable when serial radiographs show the develop-
ment of vascular redistribution. This sign is not valid in two 
situations:
1. In a normal patient examined in the supine position
2. In the presence of any disease that alters vascular com-

pliance so as to increase the perfusion of the upper 
lobes (e.g. basal emphysema, mitral stenosis)

Interstitial Edema
Transudation of fluid initially occurs into the interstitial 
spaces of the lung, producing the following signs:

 ■ Loss of the sharp definition of the pulmonary vessels
 ■ Thickening of the interlobular septa (A and B lines of 

Kerley) (see Fig. 6.18A)
 ■ Bronchial wall thickening
 ■ Thickening of the interlobar fissures
 ■ Haziness of the pulmonary hila

Airspace (Alveolar) Edema
Continued transudation of fluid results in filling of the pul-
monary airspaces, producing some of the signs associated 
with parenchymal consolidation (see Fig. 6.18B):

 ■ Diffuse, bilateral, poorly marginated opacities

 ■ Acinar shadows
 ■ Butterfly pattern of distribution (Fig. 6.35).

Cardiac enlargement, widening of the vascular pedicle 
and pleural effusions are commonly, but not uniformly, 
present in cardiogenic pulmonary edema. Signs that have 

Fig. 6.33: Right upper lobe collapse from mucous plugging. The 
smooth curvilinear inferior margin of the opaque lung represents 
the minor fissure. Absence of air bronchograms indicates occlu-
sion of the lobar bronchus.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 62.

Fig. 6.34: Right lower lobe collapse resulting from bronchogenic 
carcinoma. The collapsed lobe forms a wedge-shaped opacity  
inferomedially, increasing the density of the right paraspinal  
region. Note also the displacement of the upper mediastinum to 
the right and the small right hilum, which are additional signs of 
lower lobe collapse.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 63.

Fig. 6.35: Classical butterfly (bat wing) pattern of pulmonary edema 
in a uremic patient.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p. 173.
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been suggested to favor the diagnosis of increased permea-
bility pulmonary edema are normal heart size, normal 
vascular pedicle, absence of Kerley A or B lines, absence 
of pleural effusions, peripheral distribution of edema, and 
presence of air bronchograms.

Pulmonary Emphysema
The plain radiographic signs of pulmonary emphysema 
include overinflation of the lungs, altered pulmonary 
vascularity, and bullae.

Overinflation of the Lungs
 ■ Flattening of the diaphragm
 ■ Increased size of the retrosternal airspace
 ■ Anteriorly bowed sternum with increased thoracic 

kyphosis
 ■ Infracardiac translucency

Altered Pulmonary Vascularity
 ■ Focal or generalized areas of reduced vascularity 

(oligemia)
 ■ Vascular shunting to less severely affected areas.

Bullae
 ■ Thin-walled air-filled spaces
 ■ Multiple or single
 ■ Varying size from 1 cm in diameter to replacement of 

an entire lung
 ■ May acquire an air-fluid level if bullae become infected

 The combination of these features tends to give the dis-
tinctive appearance of an overinflated chest with excep-
tionally clear lungs and a long, narrow heart. Computed 
tomography (CT) clarifies the presence of emphysema 
and is more sensitive than plain radiography in this regard 
(Fig. 6.36).

Bronchiectasis
Although location of bronchiectasis varies, the basal seg-
ments of the lower lobes are affected most commonly. 
Bronchography or CT (see under CT of the Chest with 
Radiographic Correlation) is confirmatory, but the following 
signs on the plain film are suggestive of bronchiectasis:

 ■ Dilated, thick-walled segmental bronchi (tram lines)
 ■ Crowded lung markings and displaced hila resulting 

from atelectasis

 ■ Mucus-filled bronchi forming tubular, finger-like 
opacities

 ■ Saccular air-filled spaces containing air-fluid levels if 
there are retained secretions (Fig. 6.37)

Fig. 6.36: Large emphysematous bullae (arrowheads on lateral 
margin) at the right base in a patient with α1-antitrypsin deficiency.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 69.

Fig. 6.37: Bronchiectasis. Note the saccular spaces in the lower 
lobes, many of which contain air-fluid levels. This patient with dys-
kinetic cilia does not have dextrocardia.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 70.



Chest X-ray Interpretation 121

Cystic Fibrosis
Cystic fibrosis is a common cause of bronchiectasis and 
has typical radiographic manifestations.

 ■ Generalized overinflation of the lungs
 ■ Diffuse bronchial wall-thickening
 ■ Diffuse bilateral, ill-defined, patchy opacities
 ■ Hilar and mediastinal lymphadenopathy in more 

severe cases

Pulmonary Masses
In general, solitary lesions greater than 3 cm in diameter 
are likely malignant (Fig. 6.38). A peripheral bronchogenic 
carcinoma usually cannot be detected on a chest radio-
graph until it has achieved a diameter of at least 9 mm. 
In the evaluation of a solitary pulmonary nodule, certain 
observations present strong evidence that the lesion is 
benign.

Signs of a Benign Solitary Pulmonary Nodule: 
Calcification

 ■ Central, uniform and concentric calcification is chara-
cteristic of infectious granulomas (Fig. 6.39).

 ■ “Popcorn” calcifications are typical of hamartomas.

 ■ Eccentric calcification does not rule out the possibility 
of a bronchogenic carcinoma but makes it extremely 
unlikely.

 ■ A documented lack of growth of a solitary pulmonary 
nodule over a 2-year period is a generally accepted sign 
that the lesion is benign; this point out the importance 
of obtaining previous radiographs for comparison.

 There are no other criteria that distinguish reliably a 
benign from a malignant solitary pulmonary nodule except 
for the unequivocal demonstration of a feeding artery and 
draining vein in the case of an arteriovenous malforma-
tion, which is a rare cause of a solitary nodule (see CT of the 
Chest with Radiographic Correlation). Although the goal 
of cancer detection is to identify primary carcinoma of the 
lung at the stage of the small solitary nodule, this disease 
occasionally can be multifocal (particularly the brochoal-
veolar type), and the presence of more than one lesion does 
not exclude the diagnosis of primary lung cancer. 

Multiple Masses or Nodules
Although the differential diagnosis of multiple pulmonary 
nodules is long, most are caused by metastases and infec-
tious granulomas.

 ■ Metastases commonly vary in size and have smooth 
borders.

Fig. 6.38: Large cell bronchogenic carcinoma. Right lower lobe 
mass is 9 cm in diameter. The diagnosis was established by fine 
needle aspiration biopsy.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 72.

Fig. 6.39: Presumed histoplasmoma. Left apical nodule with lami-
nated calcification (dot and ring calcification) characteristic of an 
infectious granuloma.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 72.
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 ■ Multiple calcified nodules indicate a benign etiology, 
with the exception of metastases from osteosarcoma 
or chondrosarcoma, which may be calcified.

Cavitation
A cavity is a gas-filled space within a zone of consolida-
tion or within a mass or a nodule. Cavitation in a lesion is 
usually the result of tissue necrosis with expulsion of the 
necrotic material into a bronchus. Although benign and 
malignant lesions may undergo cavitation, the presence of 
cavitation in a solitary well-defined mass suggests malig-
nancy.

 ■ Most cavities in which the thickest part of the wall is 
less than or equal to 4 mm are benign.

 ■ Most cavities in which the thickest part of the wall is 
greater than or equal to 15 mm are malignant.

 ■ A nodular inner cavity wall suggests primary lung  
cancer.

Diffuse Interstitial Lung Disease
In diffuse, bilateral pulmonary disease, there may be 
radiographic clues as to the predominant location of the 
abnormality of the pulmonary airspaces (see under Air-
space Disease) or the pulmonary interstitium. Analysis of 
these clues is known as pattern recognition, an approach 
of considerable merit but one that is sometimes difficult 
and not without its limitations. Airspace disease can hide 
underlying interstitial disease, mixed patterns are com-
mon, and the radiographic patterns do not always corre-
late with the histologic findings. With the advent of high-
resolution CT of the lung, new insights have been gained 
into diffuse infiltrative pulmonary disease. This technique 
is more sensitive than the conventional chest radiograph 
in detecting diffuse disease and can guide the clinician to 
the site and type of biopsy (transbronchial versus open) 
that is more likely to yield the diagnosis.
 Several patterns have been described for diffuse inter-
stitial lung disease as follows:

Reticular or Linear Pattern
 ■ This pattern resembles a net, with thin linear shadows 

surrounding air-containing spaces.
 ■ As with a screen or a sieve, the net may be fine, medium 

or coarse.
 ■ The honeycomb pattern is a specific type of coarse 

reticular pattern.

 ■ Septal lines (Kerley A or B lines) are an example of lin-
ear shadowing (see Fig. 6.18C).

 ■ If chronic, common causes include interstitial pulmo-
nary fibrosis and lymphangitic carcinomatosis.

Nodular Pattern
 ■ Interstitial nodules are usually clearly defined  

(Fig. 6.40).
 ■ They can be classified according to size as micronodular 

(diameter <1 mm), small (1–3 mm), medium (3–5 mm), 
or large (>5 mm).

 ■ Common causes are granulomatous disease and dif-
fuse metastases.

Reticulonodular Pattern
 ■ This denotes an admixture of the reticular pattern and 

the nodular pattern.
 ■ Common causes are sarcoidosis, lymphangitic carci-

nomatosis, and some varieties of pneumoconiosis.

Pulmonary Embolism
The large multicenter Prospective Investigation of Pulmo-
nary Embolism Diagnosis (PIOPED) study showed that 
the chest radiographic findings are poor predictors of pul-

Fig. 6.40: Nodular pattern. Diffuse small-to-medium nodularity  
resulting from silicosis in a gold miner.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 75.



Chest X-ray Interpretation 123

monary embolism. The chest radiograph remains essen-
tial, however, in the investigation of suspected pulmonary 
embolism for two reasons:
1. To permit interpretation of the ventilation-perfusion 

lung scan.
2. To exclude other diseases, such as pulmonary edema, 

pneumonia, or pneumothorax, that may mimic the 
clinical features of pulmonary embolism.

Radiographic Findings in Pulmonary 
Embolism without Infarction

 ■ Normal chest radiograph (12% of proven cases in the 
PIOPED study).

 ■ Prominent central pulmonary artery (Fleischner sign) 
(see Fig. 6.9).

 ■ Oligemia distal to a large vessel occluded by a pulmo-
nary embolism (Westermark’s sign) (see Fig. 6.9). 

 ■ Elevated diaphragm.

Radiographic Findings in Pulmonary 
Embolism with Infarction

 ■ Increased size and abrupt tapering of the feeding 
artery

 ■ Parenchymal opacification (Fig. 6.41)
 ■ Pleural-based opacity (Hampton’s hump)
 ■ Pleural effusion
 ■ Elevated diaphragm

LIMITATIONS OF BEDSIDE RADIOGRAPHY
 ■ There is magnification of the cardiac shadow because 

of the shortened distance between the X-ray tube and 
the film and because of the anteroposterior projection; 
on an anteroposterior film, a cardiothoracic ratio of 
0.56 corresponds to a normal ratio of less than 0.5 on a 
conventional posteroanterior radiograph.

 ■ In the supine position, there is a physiologic redistri-
bution of blood flow to the upper lobe pulmonary ves-
sels, and assessment of vascular redistribution is not 
possible.

 ■ In the supine position, there may be an increase in the 
width of the upper mediastinum by 10–40% compared 
with the upright position, which can lead to difficulty 
in the assessment of the patient in whom there is con-
cern of mediastinal hemorrhage.

 ■ These physiologic changes are accentuated by the low 
lung volumes at which the chest radiograph is often 
obtained in a critically ill patient; on an expiratory film 
in a normal subject, the pulmonary vessels are closer 
together, the lungs are more opaque, and the heart and 
upper mediastinum are wider than on an inspiratory 
film obtained at the same time.

 ■ Pneumothoraces and pleural effusions are more diffi-
cult to detect in a supine patient

COMPUTED TOMOGRAPHY OF 
THE CHEST WITH RADIOGRAPHIC 
CORRELATION
Computed tomography has become the most useful ima-
ging technique in the evaluation of chest disease after the 
plain chest radiograph. CT produces thin cross-sectional 
images of the thorax, 1–10 mm in thickness, whose con-
trast range can be manipulated by the operator to enhance 
the visualization of normal structures and lesions. The 
contrast resolution (the ability to distinguish differences 
in brightness or density) of CT exceeds that of the chest 
radiograph, and this feature, coupled with its tomographic 
capability, enables CT to distinguish lesions that cannot 
be identified on the routine chest film. Atelectatic lung can 
be distinguished clearly from pleural fluid, a distinction 

Fig. 6.41: Parenchymal opacity in the left lower lung zone and 
prominent left pulmonary artery in a patient with left-sided chest 
pain, hypoxia, and lower limb deep vein thrombosis. The ventila-
tion perfusion lung scan showed high probability for pulmonary 
embolism.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006; p.180.
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that may be impossible on a conventional radiograph. The 
extent to which tissues attenuate the X-rays used to cre-
ate the CT images can be measured and expressed in units 
(commonly called Hounsfield units, in recognition of the 
scientist who invented CT).
 High-resolution CT (HRCT) is a technique that opti-
mizes spatial resolution by use of very thin sections  
(1–2 mm) and a high-spatial frequency reconstruction 
algorithm. HRCT improves the visualization of diffuse 
lung parenchymal disease and bronchial abnormalities. 
HRCT has replaced bronchoscopy in the assessment of 
bronchiectasis.

Indications for Chest 
Computed Tomography

Mediastinum and Hila
 ■ Confirmation and evaluation of mediastinal and hilar 

masses suspected on chest X-ray, including aneurysms 
and vascular anomalies

 ■ Staging of lung cancer
 ■ Search for occult thymic lesions (myasthenia gravis)
 ■ Assistance in percutaneous biopsy

Lungs and Airways
 ■ Search for pulmonary neoplasms (primary or  

secon dary)

 ■ Determination of calcification in a pulmonary lesion
 ■ Confirmation and assessment of chronic restrictive 

lung disease (HRCT)
 ■ Assessment for lung biopsy (percutaneous or trans-

bronchial)
 ■ Evaluation of hemoptysis
 ■ Evaluation of bronchiectasis (HRCT)
 ■ Evaluation of pulmonary emphysema

Pleura and Chest Wall
 ■ Evaluation of complex pleural effusions
 ■ Differentiation between lung abscess and empyema
 ■ Assessment of asbestos-related pleural disease
 ■ Evaluation of pleural neoplasms

 Assessment of chest wall invasion by neoplasm or 
infection (magnetic resonance imaging is superior).
 It is customary to use a standard CT protocol that pro-
vides information about the lungs, mediastinum, hila, 
pleura and chest wall. Patients are usually scanned in a 
supine position during suspended respiration at full lung 
volume. Depending on the indication for the examina-
tion, the patient may receive intravenous contrast media 
to opacify the heart, the systemic thoracic vessels, and the 
pulmonary vessels. Images are routinely reconstructed 
and filmed at two different “window” settings, known as 
mediastinal windows and lung windows. If the patient 
does not expand the lungs to the same degree for each 
tomographic section, the misregistration of sequential 

Figs. 6.42A and B: (A) Plain radiograph and (B) CT scan show bilateral upper lobe pulmonary masses in a heavy cigarette smoker. Fine 
needle aspiration biopsies, guided by the CT scan, revealed bilateral synchronous bronchogenic carcinomas.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 99.

A B
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Fig. 6.43: Left upper lobe cavity with thick nodular wall in primary 
squamous cell carcinoma. The CT scan was done principally to 
evaluate the mediastinum, not the obvious pulmonary lesion.
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 100.

Figs. 6.44A and B: (A) Plain radiograph of a patient with CREST (calcinosis cutis, Raynaud’s phenomenon, esophageal dysfunction, 
sclerodactyly and telangiectasia) syndrome showing bibasilar reticulonodular disease; (B) High-resolution CT shows that the pattern is 
actually one of small cysts or honeycombing. Note the dilated air-filled esophagus (arrows on A).
Source: Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 102.

A B

Fig. 6.45: Bronchiectasis. CT scan inferior to the hila showing gene-
ralized dilation of the segmental and subsegmental bronchi in a  
patient with bronchiectasis resulting from dyskinetic cilia syndrome. 
Sources:
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: 

WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A 

Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 103.
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Figs. 6.46A and B: (A) Plain radiograph and (B) CT scan in a man with right-sided streptococcal pneumonia and empyema. Note the 
lentiform shape of the pleural fluid collection and the thin enhancing pleural wall (arrowheads) on the CT scan, which are characteristic 
of empyema.
Sources: 
1. Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
2. Khan M Gabriel. Pulmonary Disease Diagnosis and Therapy: A Practical Approach. Baltimore: Williams & Wilkins, 1997; p. 104.

Figs. 6.47A and B: (A) Plain radiograph of a patient with CREST syndrome showing basilar reticulonodular disease; (B) HRCT shows 
that the pattern is actually one of small cysts or honeycombing. Note the dilated air-filled esophagus (arrow). 
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.

A B

A B

images can result, which may lead to small lesions’ being 
missed. Volumetric scanning (also known as spiral or heli-
cal scanning) is a relatively new technical advancement 
that enables the scanner to examine the entire thorax during 
a single breath-hold, eliminating this problem. Volumet-
ric scanning has been shown to improve the detection of  

nodules, the assessment of the airways, and the visualiza-
tion of the intrathoracic vessels.
 It is beyond the scope of this chapter to provide a com-
prehensive overview of CT of the thorax. Some representa-
tive cases are shown together with some correlative chest 
radiographs (Figs. 6.42 to 6.47). 



INTRODUCTION
It is estimated that in the year 2025 more than 25  
million people will die of cardiovascular disease (CVD) 
and approximately 11 million from acute MI in a world 
population of approximately 7.9 billion. Approximately, 
50% of these fatal myocardial infarction (MI) deaths (>5 
million) are sudden, within 1 hour (Myerburg et al. 2004; 
Yusuf et al. 2001; Gillum 1990). These deaths are caused 
by atheroma and subsequent thrombosis (atherothrom-
bosis).

ATHEROMA
Atheroma is the cause of fatal and nonfatal MI. Research 
must be directed at prevention of atheroma formation and 
progression. The thrombotic phase is late and research-
ers and interventional cardiologists are mainly engaged 
in strategies to define vulnerable atheroma plaques. Many 
investigative tools and testing are being developed to 
identify vulnerable plaques, and placement of stents can 
be done for a few wealthy individuals; a spit in the ocean, 
expecting the tide to rise. At a recent cardiology meeting, 
Dr Nissen emphasized that the problem is not because of 
the deficiencies of any one technology. Instead, there is 
“something wrong with the whole notion”. The problem is 
that the “exact characteristics of vulnerable plaque remain 
uncertain” and that vulnerability “is diffuse and global, 
not local”.
 “Even if we knew what to look for, we would have to 
scan every branch of every vessel”, said Nissen.
 A heart attack is the most common cause of death 
in women aged 60–85 years. Cardiovascular disease is 
no longer mostly a male disease. Since 1984, the annual 
mortality rate of the disease in the USA has been higher 
for women than for men. The disease remains the num-
ber one killer of women in the USA and the world (Lancet 

editorial 2016). It is far too late if we concentrate mainly on 
ameliorating the problem on admission to an emergency 
room (ER) or interventional center.
 To prevent the epidemic caused by atheroma, warn-
ings must be noted from familial homozygous disease in 
which total cholesterol is greater than 2,000 mg/dL, 51 
mmol/L and low-density lipoprotein-cholesterol (LDL-C) 
greater than 20 mmol/L; plaques of atheroma are promi-
nent in coronary and vital arteries from the age of about 14 
years.
 Low-density lipoprotein-cholesterol is bad: Here is an 
example, a boy had at birth a cholesterol of 951 mg/dL (24 
mmol/L), extensive xanthomas on the extensor surfaces 
of arms, legs, gluteal folds and Achilles tendons. He died 
at the age of 7 years. Autopsy review in 2003: the circum-
flex coronary artery was involved by chronic atheroscle-
rosis and acute thrombosis that was considered the cause 
of death (Rajamannan 2003). Atheroma plaques were 
observed throughout the thoracic aorta.
 We are now certain that LDL-C is the major culprit for 
atheroma formation.

Asteroid
Rosuvastatin administration of 40 mg/day achieved an 
average LDL-C of 60.8 mg/dL (1.56 mmol/L). This marked 
amelioration of lipid levels (~30% reduction) caused  
significant regression of atheroma for all three prespeci-
fied intravascular ultrasound (IVUS) measures of disease 
burden (Nissen et al. 2006). This is sound evidence that 
coronary atheromatous plaques can regress significantly 
when LDL-C is markedly lowered.
 Patients randomized to atorvastatin plus ezetimibe 
therapy experienced a greater reduction in the percentage 
of atheroma volume than those randomized to atorvasta-
tin, and it may be due to the lower mean LDL-C (Tsujita  
et al. 2015).

Myocardial Infarction
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A Novel Idea is Needed

Low-density Lipoprotein-Cholesterol Blood 
Testing Centers for all Comers and Sitosterol 
for Diabetics (Khan 2017)
It is crucial for governmental and other agencies to set 
up simple blood collection centers to screen all individu-
als; men aged approximately 35 years and females aged 
approximately 40 years—once only is cost saving. 
 Lower is better: The LDL-C in these individuals must 
be less than 2.5 mmol/L (96 mg/dL) and total cholesterol 
must be less than 4.5 mmol/L.

 ■ These individual are assessed only once to minimize 
expense for a blood testing center sponsored by volun-
tary granting bodies. Dietary advice can be given and 
advice for those who exceed the goal to see their family 
physician.

 ■ In the general population, the main causes for ele-
vated blood cholesterol are high intake of saturated 
fats and trans-fatty acids, diabetes, and a relative 
decrease in LDL receptors that mop up cholesterol 
from the blood. Blood cholesterol in the range of 
5.0–6.5 mmol/L (190–250 mg/dL), LDL-C: 3.1–3.9 
mmol/L (124–150 mg/dL) is associated with most 
heart attacks.

DEFINE RISKS

Very High Risk
Men aged 35–75 years, women aged 45–75 years; any of the 
given three:
1. Based on parent; positive for MI at age less than 70 

years. LDL-C more than 3.5 mmol/L, approximately 
135 mg/dL

2. Prior MI and LDL more than 3.5 mmol/L
3. Diabetes plus any family member, father, uncles, aunts, 

positive for MI or blood sitosterol >5 mg/L.

High Risk
 ■ Diabetic with negative family history but LDL more 

than 3.5 mmol/L, approximately 135 mg/dL or  
elevated blood sitosterol >5 mg/L

 ■ Blood pressure more than 160 mm Hg, plus LDL more 
than 3.5 mmol/L, 135 mg/dL

 ■ Family history negative for CAD, but LDL-C is greater 
than 4 mmol/L or sitosterol> 5 mg/L.

LOW-DENSITY LIPOPROTEIN- 
CHOLESTEROL: A MAJOR CULPRIT;  
FORMULATE LDL-C GOAL 
Start LDL assessment of males aged 35–75 years and 
females aged 40–75 years (Table 7.1). 
 Patients with chest pain caused by acute MI are at high 
risk for cardiac events.

 ■ Sudden death: An acute MI remains a fatal event in 
more than 33% of patients. Approximately, 50% of 
deaths occur within 1 hour of onset of symptoms, 
mainly because of ventricular fibrillation (VF). In addi-
tion several deaths occur within hours because of car-
diogenic shock. To assess how we can save lives, see 
section pathophysiology and Flowchart 7.1. Currently, 
emphasis and research mainly deal with patients from 
time of arrival at an ER. 

PATHOPHYSIOLOGY AND NEW  
CONCEPTS FOR EARLY AND LATE 
THERAPY
Acute chest pain accompanied by abnormally coved ST-
segment elevation in more than two leads is diagnostic of 
ST-segment elevation MI (STEMI) (Box 7.1). Chest pain 

Table 7.1: Formulate low-density lipoprotein-cholesterol 
(LDL-C) goal based on risk and prevention of coronary  
artery disease.

Risk LDL-C goal assessment*

Very high risk
High risk
Average risk
Probable low risk

<1.5 mmol/L (57 mg/dL†)
<2.0 mmol/L (77 mg/dL)
<2.5 mmol/L (96 mg/dL†)
<3 mmol/L (115 mg/dL)

Note:
*Items below apply:

 ■ Stop smoking
 ■ Avoid driving in heavy traffic (recirculate air when in traffic)
 ■ Mild to moderate exercise 3–4 hours/week; if jogger then light 

jog 20 minutes, walk 10 minutes, jog 10 minutes, total 40 min-
utes; or play some sport; or at least 40 minutes brisk walk

 ■ Dietary corrections are obvious, add fruits and vegetable
 ■ Learn to deal with stress
 ■ Maintain weight.

†Rounded off; easy numbers to recall.
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Flowchart 7.1: Pathophysiology of atheroma formation, erosion, rupture, causing sudden cardiac death and myocardial infarction. Why 
the coronary arteries?

*Coronary arteries prone to atheroma: As empty in systole and refilled during diastole, hemodynamically fluctuating shear stress causes 
injury to the intima; finally erosion or rupture of atheroma plaque occurs particularly in genetically susceptible individuals. Coronary  
arteries are hydraulically vulnerable unstable channels. During an average life span they empty and fill rapidly at fluctuating shear stress 
more than 2 billion times with altered arterial hemodynamics at bends, bifurcations and at ostia. Over time the altered shear stress 
causes erosion and fissuring of plaques. High levels of LDL-C and in diabetics elevated sitosterol (Khan 2017) cause atheroma and 
arterial obstruction.
The algorithm suggests that fatal events may be best prevented by:
 ■ Greatly reducing culprit LDL-C levels and sitosterol in diabetics, and administration of an appropriate beta-blocker to alter hemo-

dynamic shear stress and prevent erosions. For individuals with diabetes mellitus blood sitosterol levels must be maintained  
<4.4 mg/L (Khan 2017).

 ■ Fatal or nonfatal MI and sudden deaths were significantly prevented by timolol and propranolol, but by no other cardioactive agents; 
perhaps β-1 and β-2 agents are more cardioprotective than b-1 agents.

†From motor vehicles, as dangerous as smoking.
§Aspirin: A double agent; inhibits platelet aggregation and perhaps the inflammatory process.
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associated with more than two leads showing ST-segment 
depression (particularly if changing in intensity) is good 
evidence for non-STEMI (NSTEMI) reconfirmed within 
hours by elevated troponins or creatine kinase-myocardial 
band (CK-MB).
 Acute MI is nearly always caused by occlusion of a 
coronary artery by thrombus, overlying a fissured, eroded 
or ruptured atheromatous plaque. The ruptured plaque, 
by direct release of tissue factor (TF) and exposure of 
the subintima is highly thrombogenic. Exposed collagen 
provokes platelet aggregation. The extrinsic coagulation  
cascade is activated through the interaction between  
vascular TF and the circulating blood, causing in vivo gen-
eration of thrombin, which converts fibrinogen to fibrin. 
Fibrin interacts with activated platelets to form a mesh 
structure that stabilizes the mural thrombus. Thus, athero-
thrombosis completes the occlusion of the artery. 
 Why are the coronary arteries affected by atheroma 
and most other arteries are spared is a crucial key to the 
puzzle. 
 Coronary arteries are prone to atheroma due to the  
following reasons:

 ■ As they empty in systole and refilled during diastole
 ■ Hemodynamically fluctuating shear stress
 ■ Injury to intima and erosion of atheroma plaque 

occurs in genetically susceptible individuals
 ■ Coronary arteries are hydraulically vulnerable unstable 

channels. During an average life span they empty and 
fill rapidly at fluctuating shear stress more than 2.5 

billion times with altered arterial hemodynamics at 
bends, bifurcations and at ostia. 

 ■ Over time the altered shear stress causes erosion and 
fissuring of plaques (see Flowchart 7.1).

Fatal events may be best prevented by the following:
 ■ Greatly reducing culprit LDL-C levels, and sitosterol 

levels in diabetics and use of an appropriate beta-
blocker to alter hemodynamic shear stress and also 
cause arterial vasoconstriction to ameliorate cardio-
genic shock.

 ■ Timolol caused a 71% and propranolol a 56% reduc-
tion in sudden cardiac deaths in post-MI patients. No 
other drug, including angiotensin-converting enzyme 
(ACE) inhibitors and angiotensin receptor blockers 
(ARBs) cause significant reduction in sudden cardiac 
deaths. Lipophilic β-1 and β-2 agents are superior to 
hydrophilic and beta 1 blockers (see Chapter 19).

 ■ Physician must now recognize that all beta-blockers 
are not all alike (Khan 2007).

 In coronary angiography performed during the early 
hours of ST elevation, MI has confirmed the presence of 
total occlusion of the infarct-related artery in more than 
90% of patients. It is not surprising that aspirin, through 
inhibition of platelet aggregation, reduces the incidence 
of coronary thrombosis and is especially useful in preven-
tion of the progression of unstable angina to thrombosis 
and MI. But aspirin does not prevent atheroma formation,  
erosions, rupture and/or sudden death.

 ■ Chewable aspirin (160–320 mg) is particularly useful 
when given at the onset of chest pain produced by 
infarction. Patients must be informed that the use of 
chewable aspirin can prevent fatal and nonfatal infarc-
tion but that nitroglycerin does not. This advice should 
serve to motivate individuals to carry chewable aspi-
rins for emergency use. However, aspirin does not 
block all pathways that relate to platelet aggregation 
and does not nullify the intensely thrombogenic con-
stituents of atheromatous plaques. In addition, aspirin 
does not decrease the incidence of sudden death in 
patients with acute MI. Aspirin does, however, reduce 
the incidence of MI in patients postinfarction and in 
those with unstable and stable angina. Thus, chewable 
aspirin administration plays a key role in the preven-
tion and management of acute MI.

 Beta-blocker therapy is crucial (Flowcharts 7.1 to 7.3 
and Fig. 7.1).

Box 7.1: Causes of ST-segment elevation.

 ■ Normal variant
 ■ Acute STEMI
 ■ Coronary artery spasm: Prinzmetal angina
 ■ Left ventricular aneurysm
 ■ Acute pericarditis; but no ST-segment reciprocal depression 
 ■ Left ventricular hypertrophy (rare)
 ■ Left bundle branch block; easily dismissed as QRS > 120 ms
 ■ Acute myocarditis (very rare)
 ■ Hyperkalemia (very rare)
 ■ Hypothermia
 ■ Brugada syndrome; ST-elevation V1–V3 (no reciprocal depres-

sion and saddle back elevation in only 2 leads)
 ■ Stress cardiomyopathy (Takotsubo cardiomyopathy) 
 ■ Subarachnoid hemorrhage
 ■ Myocardial infarction age indeterminate
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Fight or Flight Reaction

 ■ At the onset of coronary artery occlusion, pain and 
fear trigger nature’s protective fight or flight reaction. 
The outpouring of epinephrine causes peripheral  
arterial dilatation, to allow a run and flee. Marked 
flooding of catecholamines cause LV dysfunction simi-
lar to that observed in stress cardiomyopathy (SC) cul-
minating in cardiogenic shock. Dobutamine, catecho-
lamine infusion, can precipitate the SC findings.

 ■ A b-2 blocking agent should abort or ameliorate the 
stress-induced acute heart failure, shock findings, 
observed in SC and may ameliorate the deleterious 

effects of acute MI at an early stage. Lives can be saved 
by using a noncardioselective, lipophilic beta-blocker 
(timolol 5 mg stat or propranolol 40 mg stat in non-
smokers).

 ■ The only drugs proven to reduce the incidence of  
sudden cardiac death in post MI patients are timolol 
and propranolol (section RCT for timolol and proprano-
lol and Table 7.2). Unfortunately over worldwide timolol 
is rarely prescribed, and propranolol use has dwindled.

 ■ Immediately taking a small dose of a beta-blocker: 
Timolol 2.5–5 mg or propranolol 20–40 mg provided; 
shortness of breath indicating heart failure is not a 
major symptom can be lifesaving. Early beta-blocker 

Flowchart 7.2: Salutary effects of beta-adrenergic blockade. ↑ = Increase; ↓ = Decrease.

Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
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Flowchart 7.3: Beta-1 and beta-2 blockers, timolol, propranolol (in nonsmokers) may prevent ventricular fibrillation (VF) and fatal 
myocardial infarction; beta-blockers are not all alike. The hypothesis presented should provoke thought and randomized control trials. 

Effects of early AM catecholamine surge, platelet hyperaggregability or strenuous exertion in subject at risk.

(CAD: Coronary artery disease; BP: Blood pressure; VF: Ventricular fibrillation; MI: Myocardial infarction).
*Death within the hour or less than 2 hours is usually caused by VF/VT, cardiogenic shock.
†Stress cardiomyopathy causes acute LV dysfunction.
**Blocks beta-2 receptors; causing a adrenergic receptors are freed to cause vascconstriction and BP increases. (A) This peripheral 
arterial constriction should combat cardiogenic shock at the earliest stage and may prevent some deaths; (B) amelioration of early AM 
platelet hyperaggregability that may prevent heart attack; (C) may restore sudden marked drop in serum potassium levels; and (D) pre-
vents VF. Vascular resistance will markedly increase if propranolol or timolol is administered when epinephrine is circulating.
Note: Angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) harmful at this early stage; only later 
with onset of heart failure vasoconstriction occurs and ACE inhibitors are then useful. Takotsubo stress cardiomyopathy causes severe 
LV dysfunction, shock and death. Catecholamine-like vasoactive agents including dobutamine may precipitate attacks in susceptible 
individuals.

administration is safe and is associated with reduced 
incidence, duration and mortality of pulseless ven-
tricular arrhythmias, life-threatening arrhythmias,  

including atrial fibrillation (AF). Physicians and inves-
tigators must now recognize that beta-blockers possess 
subtle and important clinical differences (Khan 2005).
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 ■ Propranolol intravenous (IV): In selected patients, up 
to 1 mg at a rate of 0.5 g/min is repeated if necessary at 
2–5 minute intervals to a maximum of 3 mg.

 ◆ If there are no signs of heart failure or hypotension, 
the dose can be given orally 20 mg twice daily for 
a few days then on discharge 80 mg twice daily. In 
smokers, blood levels are lowered and the salutary 
effects of propranolol are masked (Deanfield et al. 
1984).

 ■ Metoprolol is advisable because it has been success-
fully used early, within hours of infarction in several 
RCTs; patients can be shifted to timolol or propranolol 
within days to weeks post-MI.

 ◆ Dosage: 5 mg IV, at a rate of 1 mg/min repeated at 
5 minute intervals to a maximum of 10 mg, rarely 
15 mg.

 ◆ The drug was used inappropriately, at excessive 
dosage in patients with hypotension and acute 
heart failure; the COMMIT RCT (2005).

 ■ Angiotensin-converting enzyme inhibitors, ARBs, 
carvedilol, atenolol and most other beta-blockers can-
not prevent sudden death or significantly save any of 
the approximately 40% who die prior to reaching an ER.

 ■ Angiotensin-converting enzyme inhibitors cause arte-
rial vasodilation and also a decrease in preload. They 

can be dangerous during early hours of acute MI. 
Beta-blockers are lifesavers at this critical period. ACE 
inhibitors cause more deaths during by-pass surgery. 
Preoperative ACE inhibitor therapy was associated  
with a doubling in the risk of death (1.3% vs 0.7%;  
p = 0.013). There was also a significant difference 
between the ACE inhibitors and control group in the 
risk of postoperative renal dysfunction (PRD; 7.1% 

Fig. 7.1: Common locations of cardiac pain.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006.

Table 7.2: Total deaths and sudden deaths in beta-blocker 
randomized control trials of postmyocardial infarction 
and heart failure patients

Control Drug % Decrease

Total sudden death*

Propranolol 78 60 64

5 am–11 am 31 11 64

Total deaths 188/1460 138/1456 26

Timolol**

Total sudden death^ 95 47 50

Instant, within seconds 38 11 71

Total deaths 117/718 67/670 42

Metoprolol#

Total sudden death 21 9 57

Total deaths 31/147 25/154 19##

MERIT-HF^

Total sudden death 132 79 40.2

Total deaths 217/2001 145/1990 33.2

Bisoprolol [CIBIS]***

Total sudden death 83 48 42.2

Total deaths 228/1320 156/1327 31.6

*BHAT study, AM sudden death (Peters et al. 1989) follow-up 25
months, 120–240 mg daily.
** Timolol Norwegian MI study; mean duration 17 months.
Follow-up: 10 mg twice daily.
# Metoprolol: A very small study of only ~150 patients in each
group followed for 3 years.
## “This reduction in cardiac mortality did not reach statistical
significance, as was to be expected from our sample size” (Olsson
et al. 1985).
^In (MERIT-HF) There were fewer sudden deaths in the meto-
prolol CR/XL group than in the placebo group (79 vs 132, 0.59 
[0.45–0.78]; p = 0.0002) and deaths from worsening heart failure 
(30 vs 58, 0.51 [0.33–0.79]; p = 0.0023).
*** Bisoprolol in CIBIS; significant decrease in deaths and sudden 
deaths.
 Carvedilol did not prevent sudden death in two large RCTs; 
total mortality in RCT was not significantly reduced in post MI  
patients.
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vs 5.4%; p = 0.006), AF (25% vs 20%; p < 0.0001) and 
increased use of inotropic support (45.9% vs 41.1%;  
p < 0.0001) (Miceli et al. 2009).

 ■ Events can be significantly reduced if treatment is 
begun at home or in the ambulance within 1–2 hours 
of onset of chest pain.

 ◆ Immediately chewing aspirin, 75–81 mg soft-chew 
aspirin. If central chest pain occurs, all subjects 
are advised to chew three (nonenteric coated) soft 
chewable aspirins (total ~240 mg) while awaiting 
ambulance and/or medical attention.

 ◆ If severe shortness of breath indicating no signifi-
cant heart failure or severe bradycardia (heart rate 
< 55 beats/min) is not a feature, a small dose of  
timolol 2.5 mg or propranolol 20 mg is advisable. 
This simple measure can save lives or reduce the 
size of MI.

 ◆ High-dose statin is cardioprotective for those at 
moderate to high risk.

NONATHEROSCLEROTIC CAUSES OF 
MYOCARDIAL INFARCTION
Nonatherosclerotic causes of myocardial infarction are as 
follows:

 ■ Coronary artery spasm
 ■ Emboli or dissection of the coronary artery in 7% of 

patients with STEMI and 10% of patients with NSTEMI 
(Casscells et al. 2003).

 ■ Similar proportions of patients with NSTEMI and 
angiographic normal coronary arteries are reported 
despite elevated troponins (Dokainish et al. 2005) and 
MI detected by magnetic resonance imaging (MRI) 
(Martinez et al. 2007). There are causes of elevated car-
diac troponins other than acute MI that include ane-
mia, sepsis, pulmonary embolism, heart failure, rapid 
tachycardia and acute severe anemia from blood loss.

POSTINFARCTION RANDOMIZED 
CONTROL TRIALS
Postinfarction RCTs hold a crucial key to prevention of 
sudden cardiac death. 
 Timolol study (1981) randomized 3,647 patients; 945 
administered 10 mg twice daily followed for 17 months 
and 937 administered placebo.

 ■ Total mortality was 98 (10.4%) versus 152 (16.2%)  
p < 0.001. Overall mortality rate reduction of 36%, a 
reduction not observed with any other drug.

 ■ Sudden deaths: A stunning 71% reduction in smokers 
and nonsmokers. No other drug can match this. The 
claim of experts would be ACE inhibitors or ARBs were 
not in play, but these drugs are weakly effective and 
reduced total mortality by approximately 20% or not 
significantly. 

 ■ The HOPE (Heart Outcomes Prevention Evaluation) 
study is flawed (Weinsaft 2000).

 [BHAT (Beta-Blocker Heart Attack Trial) 1982] rand-
omized 16,400 patients; 1,916 to propranolol, 120–240 mg/
day and 1,921 to placebo for 2 years. 

 ■ Total mortality was 138 (7.2%) versus 188 (9.8%); a 26% 
reduction p = 0.005.

 ■ Sudden deaths: A 64% reduction between 5 am and 11 
am (see Table 7.2).

 Carvedilol [CAPRICORN (Carvedilol Post-Infarct 
Survival Control in Left Ventricular Dysfunction Study) 
study]: In this RCT 1,959 patients with a proven acute MI 
and a left-ventricular ejection fraction (EF) of less than or 
equal to 40% were randomly assigned 6.25 mg carvedilol 
(n = 975) or placebo (n = 984). Dosage was increased to a 
maximum of 25 mg twice daily during the next 4–6 weeks. 
The primary endpoint was all-cause mortality, or hospital 
admission for cardiovascular problems. 
 Results: There was no significant difference between 
the two groups in the coprimary endpoint of death or  
cardiovascular hospital admission, or in the secondary 
endpoints of sudden death and admission to hospital 
because of heart failure.
 Total mortality was 116 (12%) for carvedilol versus 151 
(15%) for placebo; p = 0.03, not significant. Heart failure 
admission 118 (12.5%) versus 138 (14%); p = 0.215.
 Sudden deaths: No decrease. The authors of the study 
state, “Although nominally significant for the outcome of 
all-cause mortality alone, the p value of 0.03 does not meet 
the higher level of significance specified when the primary 
endpoint was adopted. Nevertheless, death is the most 
important outcome, it was the original primary endpoint,  
and, in practical terms, the observed 23% reduction in  
all-cause mortality” (Dargie 2001). This is a failure in high 
risk patients. Yet the drug has mostly replaced propranolol, 
and timolol is lost to oblivion. The drug should not replace 
timolol or propranolol (nonsmokers) based on these find-
ings. The drug is only indicated for post-MI patients with 
heart failure EF less than 40%.

 ■ The incidence of acute MI is similar in the USA and 
Europe; unfortunately, the incidence is increasing in 
Asia and Latin America (Wang et al. 2004).
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 More than 80% of CAD may be accountable for by an 
elevated LDL-C, lifestyle issues such as weight, diet, exer-
cise, and control of risk factors such as blood pressure 
and smoking. In diabetics elevated blood sitosterol is an 
important harmful factor.

 ■ Caution: Although there is evidence that a small con-
sumption of alcohol, one drink for women and two for 
men, confers some cardiovascular protection from age 
45 years onwards, alcohol may cause AF in suscepti-
ble individuals aged 60–80 years and cannot be rec-
ommended. A Prospective Study and Dose-Response 
Meta-Analysis indicated that alcohol consumption, 
even at moderate intakes, is a risk factor for AF. All 
studies reported a positive association, with an overall 
8% (6–10%) increase in AF risk per one drink per day 
increment in alcohol consumption. In this large pro-
spective study, both moderate (1–3 drinks/day) and 
high (>3 drinks/day) alcohol consumption was asso-
ciated with increased AF risk. With regard to specific 
alcoholic beverages, consumption of liquor and wine 
but not beer was significantly positively associated 
with AF risk (Larsson et al. 2014).

TRIGGERS FOR ATHEROMA AND ACUTE 
MYOCARDIAL INFARCTION

 ■ Traffic has the greatest population effect as more people 
are exposed to the trigger (Nawrot et al. 2011). Most city 
dwellers are exposed to traffic pollution which I believe 
to be a major trigger for heart attacks and supersedes 
other triggers such as physical exertion in relatively 
sedentary individuals, air pollution, and anger.

 ■ Importantly, drivers of vehicles in heavy city traffic are 
exposed to exhaust fumes which circulate within their 
vehicles. It is not surprising therefore that in China, 
India, and other countries there is a rise in the occur-
rence of heart attacks as large population groups move 
from country living and become car-driving city dwellers.

Risk Factors for Acute Myocardial 
Infarction

 ■ Gender: Men from age 42 and women from age 55 
onward

 ■ Advancing age
 ■ Strong family history
 ■ Hypertension
 ■ Hypercholesterolemia: Particularly elevated LDL-C 

more than 3.5 mmol/L (135 mg/dL) present for several 
years from age 30–60 years

 ■ Elevated blood sitosterol levels in diabetics cause ath-
eroma and MI (Khan 2017)

 ■ Diabetes mellitus particularly in those with elevated 
blood sitosterol > 4.4 mg/L

 ■ Left ventricular hypertrophy
 ■ Smoking
 ■ Driving often in heavy traffic (exhaust pollution) 
 ■ Obesity and insufficient exercise.

 The earlier-mentioned factors are fixed or chronic 
conditions that are appropriate to predicting long-term 
risk than near-term risk. “What are needed are novel risk 
factors that reflect acute processes influencing atheroscle-
rotic plaque erosion or rupture, atherothrombosis, and 
electric instability in the myocardium” (Eagle et al. 2010). 
No algorithm has been developed that accurately pre-
dicts near-term risk across diverse populations. The ability 
to forecast near-term risk of acute MI or sudden cardiac 
death would represent an important advance in cardiovas-
cular medicine because it would clarify which individuals 
are in most urgent need of intervention (Eagle et al. 2010).

Pain Pattern
This varies a great deal in their severity. The characteris-
tics of pain and the accompanying symptoms can be very  
different from one individual to another. Crushing or com-
pressing pain or a heaviness over the chest, a very heavy-
weight or bar is resting on the center of the chest, espe-
cially over the breastbone.
 The pain is:

 ■ Viselike-tightness, squeezing, constricting: It feels as if 
the chest is in a vise or as if a tight metal band is being 
pulled around the chest. The patient tries to describe 
the tightness by clenching a fist.

 ■ Choking, strangling, sickening feeling in the center and 
across the chest: This type of sensation can occur in 
patients with anxiety.

 ■ Burning-like indigestion: A burning discomfort or pain 
in the center of the chest, especially when accompa-
nied by sweating or feelings listed earlier. Pain origi-
nating from the stomach is often burning in quality, 
but the associated symptoms differentiate heart from 
stomach pain. For example, heart pain is very often 
associated with profuse sweating, whereas stomach 
pain rarely ever causes profuse sweating. 

 ■ Just a discomfort: The patient may not perceive the 
sensation as pain but as a mild-to-moderate discom-
fort. Tingling, numbness, or heaviness over the left or 
right arm may occur at the same time as the pain in the 
chest, but rarely, it can be the only manifestation of a 
heart attack.
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 ■ Dizziness and/or severe weakness: This commonly 
occurs along with the chest pain of a heart attack, but 
is rarely the only symptom. 

 ■ Nausea without vomiting or diarrhea: If associated 
with pain in the chest or discomfort or shortness of 
breath. Weakness, or dizziness, can be a symptom of 
a heart attack. This rarely occurs without chest pain. 
In such a situation, the associated shortness of breath 
points to a disturbance of the heart rather than the 
stomach.

 ■ Pointed, sharp, stabbing, sticking, knife-like pain, the 
size on the chest about a fingertip is seldom a manifes-
tation of a heart attack.

Location of Pain
 ■ In most patients, pain of a heart attack is in the center 

of the chest under the breastbone (retrosternal). The 
pain is more often located under the lower two-thirds 
of the breastbone (see Fig. 7.1). 

 ■ The next most common area for pain is the upper half 
of the breastbone and the pit of the stomach. Heart 
pain occurs mainly in the center of the chest, and 
doctors often use the term “central retrosternal chest 
pain” as being typical of a heart attack. Pain from all 
three areas can move (radiate) up or down to involve 
the entire chest, neck, throat and lower jaw (not higher 
than the upper jaw) and may extends to the arms, fore-
arms and hands.

 ■ Both arms may feel painful, heavy, numb, or tingly. 
Left arm discomfort is more common than right, and 
as shown in Figure 7.1, the inner aspect (ulnar side of 
the arm) is the most common site of arm pain. Most 
of the arm or a small part such as the wrist may be the 
site of pain or discomfort without involvement of the 
chest. Arm, jaw, or throat pain, however, is usually 
accompanied by pain in the chest, but rarely can be at 
these locations without chest pain. If there is associ-
ated shortness of breath, nausea and/or sudden gener-
alized, yet mild weakness, the arm pain can be a mani-
festation of a heart attack. A faint feeling, presyncope 
may occur caused by bradyarrhythmias triggered by 
an inferior MI.

 More than 70% of patients presenting to ERs because 
of chest pain are not having a heart attack. Some of these 
patients have an unstable form of angina pectoris, chest 
wall pain, with some panic, stomach problems (in particu-
lar, reflux esophagitis with esophageal spasm), gallstones 
and very rarely pericarditis. Negative troponin levels have 

proved useful to enable early patient discharge from ER 
without further tests. But follow-up to exclude a cardiac 
cause is necessary in greater than 25% of those discharged.
 Coronary computed tomography angiography (CCTA) 
done before discharge is most useful in this subset of 
patients in whom unstable angina or presence of CAD 
remains a probable cause and saves time, costs and cardi-
ology referral. Over the next decade this test would likely 
be used instead of invasive angiography in the majority 
for the diagnosis of CAD. Currently, patients prefer this  
test. CCTA gives information on lumen area, area stenosis, 
lesion length and plaque burden assessment. The test is 
less accurate when severe coronary calcification is pre-
sent, but newer technologies are expected to eliminate  
this major disadvantage. Atheroma covered by severe  
calcification has less tendency to rupture or erode, thus 
some cardioprotection emerges.

Physical Signs
The patient appears apprehensive, anxious, cold and 
clammy. Patients with other cause of chest pain (other 
than aortic dissection, pulmonary embolism or both rare) 
do not usually experience these features. Thus, a good his-
tory taken is crucial. The area of chest pain may be indi-
cated with a clenched fist. Tachycardia of 100–120 beats/
min particularly in patients with anterior or anteroseptal 
MI. An increase in blood pressure caused by increased 
sympathetic tone is observed in approximately 50% of 
patients with anterior infarction. Bradycardia less than 55 
beats/min and a decrease in blood pressure in about two-
thirds of inferior infarcts; many of these patients become 
hypotensive, sometimes profoundly, and may get tran-
sient dizziness.
 S4 gallop is common, S3 and S4 in some with an ele-
vated jugular venous pressure caused by heart failure. The 
lower third of the lung fields may reveal crepitations. In 
many there are no abnormal physical signs, but this finding 
in a patient with suggestive symptoms and a family history 
of MI should not decrease the level of suspicion that the 
patient may have an acute MI.

DIAGNOSIS
 ■ The ECG changes of STEMI remain crucial for rapid 

diagnosis in order to initiate rapid commencement 
of thrombolytic therapy or percutaneous coronary 
intervention (PCI). Figures 7.2 to 7.10 give examples of 
ECG abnormalities typical for STEMI. In patients with 
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ischemic-type chest discomfort, abnormally coved  
ST-segment elevation greater than 1 mm in two con-
secutive leads but (not V1 and V2), reportedly has a 
specificity of 91% and sensitivity of approximately 70% 
for diagnosing acute MI.

 ■ Abnormally coved equal to or greater than 2 mm ST-
segment elevation in three consecutive leads and in 
other leads and with ST segment reciprocal depression 
has a specificity of 99% and sensitivity of more than 
90% MI and prevents costly errors (Figs. 7.2 to 7.10).

 For patients with minimal ST-segment changes that 
are nondiagnostic, the sensitivity increases to more than 
90% with serial ECG done every 20 minutes for 2 hours or 
more in those in whom the initial ECG reveals no ST-seg-
ment elevation.
 Some patients obviously have to await results of  
further ECGs, troponin or CK-MB measurements for 
confirmation. See later discussion for ST-elevation normal 
variants.

 ■ “American College of Cardiology Foundation/Ameri-
can Heart Association guidelines include new ST-seg-
ment elevation at the J-point in at least two contiguous 
leads more than or equal to 2 mm (0.2 mV) in men, 
more than or equal to 1.5 mm (0.15 mV) in women in 
leads V2 to V3, and/or of more than or equal to 1 mm 
(0.1 mV) in other contiguous chest leads or the limb 
leads” (Bainey and Armstrong 2015).

 ■ The European Society of Cardiology (ESC) definition: 
J-point elevation in two contiguous leads with more 
than or equal to 0.25 mV (0.25 mm) in men below the 
age of 40 years, more than or equal to 0.2 mV (0.3 mm) 
in men over the age of 40 years, or more than or equal 
to 0.15 mV (0.15 mm) in women in leads V2–V3, and/or 
more than or equal to 0.1 mV (0.1 mm) in other leads. 

 ■ The ESC advocate right precordial leads (V3R and V4R) 
for inferior MI to identify right ventricular MI and pos-
terior chest leads (V7–V9 ≥ 0.05 mV) in patients with 
suspected posterior (inferobasal) MI.

Fig. 7.2: Acute inferior myocardial infarction. ST elevation in three inferior leads; note reciprocal depression in leads I and aVL.
Source: From Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
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Fig. 7.3: Acute inferior myocardial infarction (STEMI); abnormally shaped high ST segment in inferior leads. Note the reciprocal depres-
sion in leads I, aVL, V1 and V2. Reciprocal depression is not diagnostic of infarction but is an important confirmatory sign that strongly 
supports the diagnosis.

Fig. 7.4: Acute inferior myocardial infarction: ST elevation in leads II, III, and aVF. Note reciprocal depression in leads V1, V2 and aVL.
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Fig. 7.5: ST-segment elevation leads 11, 111, aVF and anterolateral leads V5 and V6 acute inferolateral infarction.

Fig. 7.6: Acute anterior infarction: marked ST elevation and Q waves in leads V1–V6.
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Figs. 7.7A and B: (A) Acute anterior myocardial infarction: ST elevation in leads V1–V4; (B) Acute anterior infarction: same patient as 
in A, 8 hours later.

A

B
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Fig. 7.8: ECG with ST-segment elevation V1 to V4.
Source: Khan M Gabriel. Rapid ECG Interpretation. Humana Press: 
Springer Science and Business Media; 2008, p. 114, Figure 5.6B.

Fig. 7.9: Marked ST-segment elevation in eight leads: 1, aVL, V1–V6: extensive anterior infarction; note reciprocal depression in inferior 
leads.
Source: From Khan M Gabriel. Heart Disease Diagnosis and Therapy: A Practical Approach, 2nd edition. Totowa: Humana Press; 2005. p. 15.
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Fig. 7.10: Abnormal ST segment elevation V1–V6 diagnostic for acute anterior MI.

ST-segment Elevation Myocardial 
Infarction 

 ■ Acute MI can be diagnosed within 20–40 minutes by 
observation of ST-segment changes in three serial 
ECGs done during this period. Troponins or MRI 
are second runners because time is of the essence. A 
small study, however, found wide variations among 
experienced cardiologists in reading ECGs with ST 
elevation and differentiating STEMI with the need for  
primary PCI from NSTEMI (Kurowski et al. 2007). Thus, 
meticulous instructions to physicians, paramedics and 
ambulance crews regarding interpretation of the ECG 
must be employed worldwide.

 ■ Less errors are made by clinicians who use equal to or 
more than 2 mm abnormal contour ST-segment eleva-
tion in more than two contiguous V leads for a diag-
nosis of anterior MI, and all three leads (1) 11; (2) 111; 
(3) aVF; for inferior MI; reciprocal depression helps to 
confirm the diagnosis of STEMI; this added key is not 
sufficiently stressed by various guidelines.

Inferior Myocardial Infarction
Typical ECG pattern: Abnormal contour ST-segment  
elevation of more than 1 mm (0.1 mV) in two or more 
contiguous inferior leads II, III and aVF, and often there 
is reciprocal ST-segment depression in one aVL (Fig. 7.2) 
and sometimes also in V1 and V2 (Figs. 7.3 and 7.4).  

This reciprocal depression is not diagnostic of MI but is a 
most important confirmation sign, as it does not usually  
appear in mimics of MI. Figure 7.3 shows features of acute 
inferolateral MI.
 Figure 7.5 shows features of acute inferior and lateral 
infarction.

Anterior Myocardial Infarction
Greater than 2 mm abnormal contour ST-segment elevation 
in more than two contiguous leads and with reciprocal 
depression is diagnostic (Figs. 7.6 to 7.9).
 Figure 7.9 shows extensive anterior MI; abnormal ST 
elevation V1 through V6; note reciprocal depression in 
11, 111 and aVF. Figure 7.10 shows ST elevation V1 to V4 
(STEMI) Where symptoms are not typical, the response to 
nitroglycerin must be ascertained.

Normal Variants and Mimics
The range of normal ST-segment deviation differs between 
men and women. ST-elevation in the V2 or V3 leads of 
2 mV or less in men, 1.5 mV or less in women, or 1 mV 
or less in other leads is considered normal. Even a 2 mm  
(2 mV) elevation in two contiguous chest leads that reveal 
an abnormal coving of the ST segment may be the subtle 
finding caused by an acute MI. This diagnosis is reinforced 
if reciprocal depression is present and symptoms are sug-
gestive of MI. The ST-segment elevations should not have 
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characteristic of an early repolarization or pericarditis, 
nor of a repolarization abnormality from left ventricular 
hypertrophy (LVH) or bundle branch block.
 Minimal ST-segment elevation in black patients, other 
ethnic groups and athletes must be reassessed to exclude 
the occasional normal variant.
 ST elevation of infarction must be distinguished from 
the following:

 ■ Early repolarization changes may mimic infarction but 
are often observed in leads V2–V3 and V5–V6 with a  
subtle “fish-hook” configuration (Figs. 7.11 to 7.16); the 
ST segment can be elevated 2–3 mm but does not have an 
abnormal convex coving, and is not shown in three con-
tiguous leads; also reciprocal depression is rarely seen  
(Figs. 7.11 to 7.15) ST-segment normal variants and 
features that may appear abnormal are not uncom-
mon in black people.

   Diagnosis: Normal variant confirmed in this 55 year 
old male quadriplegic. 

 ■ Acute pericarditis: In acute pericarditis, the ST-seg-
ment elevation is not confined to leads referable to 
an anatomic segmental blood supply. Elevation in 
lead I is accompanied by elevation in leads II, III and 
aVF; the ST elevation is concave, as opposed to con-
vex upward with an injury current of infarction and  

reciprocal depression is absent except in aVR (Figs. 
7.17 and 7.18).

 ■ Occasionally the ECG findings are interpreted as ante-
rior infarction, age indeterminate (Fig. 7.19).

Wolff-Parkinson-White
The ECG pattern may sometimes mimic an old MI  
(Figs. 7.18B and C).

Old Infarction
Pathologic Q waves may evolve early (2–4 hours) or late 
12–24 hours and in a few, after 30 hours of onset and can-
not be relied on for early diagnosis. The terms “transmu-
ral” and “nontransmural” have been abandoned and the  
Q wave or the non-Q wave infarction cannot be catego-
rized in the early phase.
 Figures 7.20 and 7.21A show findings for old antero-
septal MI. Figure 7.21B shows poor R wave progression 
V2–V3, a not unusual finding in some females as V3 is 
poorly placed over the breast tissue or technician error 
placing the V3 electrode closer to V2.
 Left ventricular hypertrophy is a common cause of 
poor R wave progression in leads V1–V3, and occasionally 
ST-segment elevation occurs (Fig. 7.22).

Fig. 7.11: ST elevation V2, V3, normal variant in a 22-year-old male. Note the shape of the ST segment is not completely abnormal, 
there is sometimes a small deformity at the end of the QRS complex as it joins the ST segment in V3, V4 or V5 (fish-hook). The absence 
of reciprocal depression helps to exclude myocardial injury in individuals of this type presenting at age older than 40.
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Fig. 7.12: Routine ECG from a 24-year-old male with no heart disease. Sinus bradycardia, ST-segment concave (not convex) elevation 
11, 111, aVF, and normal variant in V2, V3, V4; can be misdiagnosed as acute pericarditis or STEMI. Note the ST segment in V3 has a 
small notch at its commencement and is concave and not the convex shape of STEMI. There is reciprocal depression in aVR. If the ST 
elevation in 11, 111, aVF were due to inferior STEMI there should be some reciprocal depression in 1 and aVL.

Fig. 7.13: ST elevation V2 and V3; normal variant (male African American). Note fish-hook like notch in V2 and V3; ST elevation is not 
in three contiguous V leads (STEMI abnormal ST segments Figs. 7.2 to 7.10).

 Figure 7.23 shows inferolateral MI, Figure 7.24 shows 
inferior MI and Figure 7.25 shows left bundle branch 
block.

Left Bundle Branch Block
The V leads commonly show small r-waves in V1–V3 or QS 
complexes with ST elevation that can be misinterpreted as an 

anteroseptal infarct if the physician fails to note a QRS dura-
tion greater than 0.21 second or 210 ms (Figs. 7.21A and B).

Right Ventricular Infarction 
Patient with clinical feature of acute infarction not asso-
ciated with ST elevation in the precordial leads do right 
chest leads (Fig. 7.26).
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Fig. 7.14: Normal variant; ST elevation has a concave normal curve and a subtle fish-hook V3 and V4.

Fig. 7.15: ST elevation V2–V4, normal curve; note not there is no reciprocal depression in 11, 111, or aVF: normal variant.

Nondiagnostic ECG
Acute MI may be present with ECG changes that are non-
specific in 10–20% of cases and may result from the following:

 ■ Slow evolution of ECG changes: The tracing may remain 
normal for several hours

 ■ Old infarction masking the ECG effect of a new infarct
 ■ Inferior MI associated with left anterior hemiblock in 

which R-waves are expected to be small or minute in 
lead III and aVF

 ■ Left bundle branch block
 ■ Apical infarction

 ◆ Poor wave progression V2–V3 in females com-
puter interpreted as probable old anteroseptal MI  
(Fig. 7.21B)

 ◆ Nondiagnostic inferior Q waves incorrectly inter-
preted as old or probable old inferior MI ( Figs. 7.27 
to 7.29).

 Hypothermia with rectal temperatures less than 93°F 
(<34°C) may cause distortion of the earliest stage of repo-
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Fig. 7.16: ECG of a 34-year-old Hispanic man with ST-segment 
elevation with notched J-point “fish-hook” in lead V3.

Fig. 7.17: The tracing shows characteristic features of acute pericarditis: The ST segment is elevated in most leads, particularly leads 
I, II, aVL, aVF, V5 and V6. Note the reciprocal ST segment depression in aVR in which there is PR segment elevation. In the leads 
with ST-segment elevation there is PR segment depression. Sinus tachycardia is present, as is commonly seen with acute pericarditis.

larization. Primary or secondary tumors may cause ST 
elevation and Q waves.

 ■ Subarachnoid hemorrhage or intracranial hemor-
rhage (ICH) may cause ST segment shifts or alteration 
of the QT interval. Torsades de pointes and transient 
left ventricular dysfunction have been associated with 
both entities.

 ■ Hypertrophic cardiomyopathy usually causes Q waves, 
but it can present with Q waves and ST elevation  
(Chapter 18).

 ■ Acute cor pulmonale, especially caused by pulmonary 
embolism, may cause ST elevation and Q waves, simu-
lating acute MI.

 ■ Severe trauma may cause myocardial injury and  
ST-segment elevation with or without Q waves.

 ■ Electrocution may cause ST-segment elevation and 
occasionally Q waves and recurrent VF.

 ■ Scorpion sting may cause ST-segment elevation, with 
or without Q waves, right bundle branch block, and 
other conduction defects.

Stress Cardiomyopathy (Takotsubo)
In women aged approximately 35–75 years presenting with 
severe but somewhat atypical chest pain precipitated by 
an acute stressful event, SC should be excluded by urgent 
echocardiography.
 Stress cardiomyopathy causes severe chest pain but 
can present with mild to moderate chest pressure and 
mimics the symptoms of acute MI (see Chapter 18).

 ■ The ECG may show ST-segment elevation or depres-
sion simulating STEMI or NSTEMI. Thus, caution is 
necessary to avoid a rush to angiogram PCI or throm-
bolytic therapy particularly in women in whom chest 
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A

B

Figs. 7.18A to C: (A) Acute pericarditis: sinus tachycardia 126 beats/min; typical features: widespread ST elevation and PR segment 
elevation in aVR, which shows ST-segment depression. Note: The J-point level almost equals the height of the T wave in V6; (B) WPW 
mimics inferior MI; (C) WPW syndrome: prominent Delta wave, short PR interval, tall R wave in V2. Note the features in II, III, and aVF 
mimic old inferior MI, and the pattern in V1 mimics incomplete right bundle branch block (IRBBB).

C
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Fig. 7.19: Q wave in leads V1–V4 with ST abnormalities: correctly reported as anterior infarction, age indeterminate, a term that empha-
sizes the need for comparison. This ECG is similar to a tracing done 2 years earlier, old anterior MI.

Fig. 7.20: Deep Q waves V1–V3 with abnormally coved ST segment and T inversion; old anteroseptal myocardial infarction, probably 
recent past (weeks to months).
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Figs. 7.21A and B: (A) Q waves V1–V2, small Q, V4: old anteroseptal MI; (B) ECG from a 55-year-old female. Note, poor R wave 
progression V2–V3, a not unusual finding in some females as V3 is poorly placed. An incorrect computer interpretation is commonly 
probable old anteroseptal MI.

B

A

pain is precipitated by acute stress. An echocardio-
gram rapidly resolves the diagnosis.

 ■ A frequently encountered  incorrect ECG diagnosis 
is: probable old inferior MI, based on the presence of 
small Q waves in leads 11, 111 avf (Figs. 7.29A to D).

THERAPY

Immediate Treatment
 ■ Aspirin: Chew three aspirins of 75–81 mg
 ■ Pain relief with morphine 
 ■ Prior to heart failure and cardiogenic shock manage-

ment involves the administration of beta-blocker. A 
beta-blocker commenced within the hour of admission  

provided heart failure is not present and the heart rate 
is greater than 54 beats/min.

Oral beta-blocker and in some instances IV:
 ■ Intravenous propranolol dose: Up to 1 mg slowly at a 

rate of 0.5 mg/min, repeated if necessary at 2–5-min 
intervals to a maximum of 3 mg, if no heart failure 
occurs within a few hours, commence oral therapy 20 
mg twice daily increasing slowly over days to weeks to 
120–240 mg.

 ■ Metoprolol IV: Metoprolol IV 5 mg at a rate of 1 mg/
min, 5 minutes later second 5 mg bolus, 5 minutes 
later third 5 mg bolus; 8 hours after IV 25–50 mg twice 
daily; 50–100 mg twice daily, followed by oral metopro-
lol; but switch within a week to timolol 5–10 mg/daily 
or in nonsmokers propranolol.
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Troponin Assessment
Troponin levels have a small role to play in the rapid diag-
nosis of STEMI prior to thrombolysis to be commenced 
within 30 minutes of arrival at an ER, or PCI done within 
90 min of arrival at a center.

 ■ Troponin testing done over several hours is most  
useful in patients, who from a relevant history have 

a low probability of acute MI and no ECG features of 
STEMI.

 ■ The biomarkers are most useful for the diagnosis of 
NSTEMI. More cases of unstable angina are now diag-
nosed with NSTEMI due to increased sensitivity of 
newer troponin biomarkers.

 ■ For suspected NSTEMI, troponins are assessed, but 
the results are not acted on or waited for, as the bio-
markers, in spite of all their sensitivity, tend to be nega-
tive in the first few hours, and interventional therapy 
usually commences 24–48 later.

 ■ Troponin testing allows the same day discharge of 
more than 60% of patients presenting with chest pain. 
In a small study, low plasma troponin concentrations 
identified 66% of patients at very low risk of cardiac 
events who could be discharged from the ER (Shah  
et al. 2015).

 Causes of elevated troponin levels other than acute 
MI include pulmonary embolism, heart failure, aortic  
dissection, severe aortic stenosis or regurgitation, hyper-
trophic cardiomyopathy, apical-midventricular ballooning 
syndrome (Takotsubo cardiomyopathy), rhabdomyolysis, 
tachyarrhythmia, bradyarrhythmia, heart block, hyper-
tension, hypotension, myopericarditis, rheumatic fever, 
rheumatoid arthritis, systemic vasculitis, postviral, amy-
loidosis, sarcoidosis, hemochromatosis, scleroderma, 
atrioventricular ablation, defibrillation, chest wall trauma, 
cardiac surgery, renal failure, stroke, or subarachnoid 
hemorrhage, drug toxicity (e.g. adriamycin, 5-fluorouracil, 
daunorubicin and herceptin), hypothyroidism, severe 
asthma, sepsis (including sepsis occurring with shock), 

Fig. 7.22: Poor R wave progression in leads V1–V4 and ST ele-
vation, deep S waves V2, V3, tall R, V5 and V6, caused by left 
ventricular hypertrophy. Note left atrial enlargement, a common 
feature of left ventricular hypertrophy.
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadel-
phia: WB Saunders, Elsevier Science; 2006.

Fig. 7.23: Q waves 11, 111, and aVF: old inferior MI and Q waves with abnormal ST-T wave changes V4–V6; old inferolateral MI.
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critically ill patients, pheochromocytoma, severe burns, 
Kawasaki disease, extreme exertion and snake venom (White 
and Chew 2008).

Specific Treatment

Percutaneous Coronary Intervention versus 
Thrombolytic Agent
Primary PCI is the preferred mode of reperfusion when 
performed in a timely fashion by an experienced team. 

However, significant changes in healthcare delivery in 
most countries will be required to accomplish the benefits 
of PCI. This accomplishment is probably achieved in less 
than 50% of patients who have and acute MI in the USA 
and Canada. In cities approximately 75% reach facilities 
equipped to deal with cases within 60–90 minutes. Per-
haps this can be accomplished in approximately 1% of 
such patients in Asia, Africa and developing countries. 
How can we help the unfortunate underprivileged of the 
world?

Fig. 7.24: Inferior 11, 111, aVF pathologic Q waves: old inferior MI and right bundle branch block.

Fig. 7.25: ST elevation V1–V3; QRS wide more than 140 ms. Tiny r waves V1 and V4, notched R lead 1, 11 and aVL; typical features 
of left bundle branch block.
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Fig. 7.26: Abnormal ST-segment elevation in leads II, III, and aVF indicates acute MI; leads V4–V6 as labeled were appropriately 
placed on the right side of the chest: leads V4R and V5R show abnormal ST-segment elevation, which indicate acute inferior and right 
ventricular infarction.
Note: V4–V6 were right-sided chest leads and should have been labeled V4R, V5R and V6R. ST elevation in leads V3R and V4R is the 
main electrocardiographic feature of right ventricular infarction that usually occurs in association with inferior MI.
Source: Khan M Gabriel. Encyclopedia of Heart Diseases, 2nd edition. New York: Springer; 2011. p. 631.

Fig. 7.27: Nondiagnostic inferior narrow Q waves; computer interpreted as old inferior MI. ECG within normal limits.

 ■ Percutaneous coronary intervention completed within 
2–4 hour of onset of chest pain saves lives and reinfarc-
tion. This accomplishment is nearly impossible in most 
countries.

 ■ Percutaneous coronary intervention must be done 
within 90–120-min after arrival to an equipped  facility 
the procedure is usually accomplished in approxi-

mately 4–6 hours from onset of chest pain, often more 
than 8 hours. At this time myocardial necrosis is estab-
lished. The weakened myocardium must cope with the 
insult that could have been avoided by more compas-
sionate doctors who in nonfacility-equipped areas could 
learn to interpret the ECG of STEMI and administer a 
thrombolytic agent immediately or within the hour. 
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 ■ Percutaneous coronary intervention has not been 
tested against immediate triple noninvasive therapy: 
Aspirin, propranolol, timolol, or metoprolol, and 
within the hour thrombolytic therapy.

 Percutaneous coronary intervention in both the 
DANAMI-2 (Danish Acute Myocardial Infarction 2) and 
PRAGUE-2 studies failed to reduce 30-day mortality com-
pared with thrombolytics given within 3 hours of symp-
toms. In the multicenter Danish trial, 1,572 patients with 

acute MI were randomized to fibrinolysis with accelerated 
IV alteplase or primary angioplasty. The primary study 
endpoint was a composite of death, clinical evidence of 
reinfarction, or disabling stroke at 30 days.
 Ninety-six percent of patients were transferred from 
referral hospitals to an invasive-treatment center within 2 
hours. Thus, PCI was done 4–6 hours after onset of symp-
toms. Thrombolytics were delayed. PCI patients showed 
significantly improved survival, decrease in reinfarction, 

Fig. 7.28: Nondiagnostic inferior Q waves; computer interpreted as old inferior MI; ECG within normal limits.

Fig. 7.29A
A
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Figs. 7.29A to D: (A) Inferior Q waves; computer interpreted; old inferior MI. (B) Nondiagnostic inferior Q waves noted: otherwise ECG 
within normal limits. (C) Nondiagnostic inferior Q waves noted: otherwise ECG within normal limits. (D) Nondiagnostic inferior Q waves 
noted; ECG within normal limits.

B

C

D
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and disabling stroke (13.75% vs 8.0%); for patients seen 
initially at referral centers, rates were 14.2% versus 8.5% 
and for patients seen initially at invasive centers, rates 
were 12.3% versus 6.7%.
 In the fibrinolysis group, 26 patients required repeat 
thrombolytics, 15 had rescue and 148 (19%) required 
revascularization within 30 days.
 But if the reinfarctions associated with invasive proce-
dures had been included, the difference would have been 
narrowed. No significant differences were observed in the 
rate of death [6.6% among all patients, the better outcome 
after angioplasty was driven primarily by a reduction in the 
rate of reinfarction (1.6% in the angioplasty group vs 6.3% 
in the fibrinolysis group; p < 0.001; a 75% reduction].
 Criticisms of the trial include the following:

 ■ The study patients represented only 37% of those 
screened; those deemed to be at “high risk” during 
ambulance transport were excluded.

 ■ Optimal therapy with statins, aspirin and beta-block-
ers was lacking.

 ■ The investigators make the statement, “We chose 
to count clinical reinfarction and to omit recurrent 
ischemic episodes and reinfarction related to invasive 
procedures”. If the reinfarctions associated with inva-
sive procedures had been included, the difference would 
have been narrowed.

 ◆ Whereas patients with standard contraindications 
to fibrinolysis were excluded, those with a previous 
stroke were included; thus, the stroke data is inac-
curate.

 ■ The timing for administration of thrombolytics may 
have been delayed for hours.

 In PRAGUE-2 presentation (0–3 hours from symptoms 
onset) revealed similar mortality between primary angio-
plasty (7.3%) and thrombolysis (7.4%).

 ■ Percutaneous coronary intervention in both the DAN-
AMI-2 and PRAGUE-2 studies failed to reduce 30-day 
mortality compared with thrombolytic given within 3 
hours of symptoms.

   Patients randomized within less than 3 hours of 
symptom onset (n = 551) had no difference in mortal-
ity whether treated by TL (7.4%) or transferred to PCI 
(7.3%) (Widimský et al. 2003).

 ■ We need to get to the patient within 2 hours of chest 
pain and administer a thrombolytic agent within the 
hour in the home, ambulance or ER. This strategy can 
be compared with PCI in a large study.

Thrombolytic Agents
Except in cities where PCI is readily available, hospitals 
must insist on thrombolytic therapy administration within 
30 minutes of arrival to an ER.
 Mobile coronary care ambulances: In areas where 
ambulances can be equipped with an ECG machine, para-
medics can be taught to interpret STEMI. The ECG is then 
transmitted via a web program to a physician interpreter 
who is on call for the district to confirm the findings, strep-
tokinase (SK) can be commenced in the ambulance or 
immediately on reaching the ER.

 ■ If the ER is not equipped to give the infusion within 
30 minutes of arrival, the hospital should allow such 
a case to by-pass the ER, the patient is moved rapidly 
to a coronary care unit or an intensive care unit (ICU) 
where staff can rapidly administer a thrombolytic 
agent. This can be done within 30 minutes of arriv-
ing on the door step of any hospital. This system was 
developed by the author at a hospital in Ontario just 
prior to introduction of PCI.

 ■ This is the only solution outside of cities where 
equipped PCI facilities do not exist.

 ■ Thrombolytic therapy can be safely commenced by 
family physicians, or general practitioner equipped 
with an ECG recorder, or by an instructed ambu-
lance personnel who should be instructed to interpret 
STEMI ECGs. Training to assess an ECG for STEMI can 
be done within hours and repeated for trainees over a 
few days, with reassessment weekly until competence 
is achieved. A test can be done within a few weeks to 
ascertain the competence of the doctor, ambulance 
person, or paramedic. This is a major step forward in 
most countries where electronic ECG interpretation is 
not possible.

 ■ An IV is a simple step to success and most ambulance 
crews can be trained. Thrombolytic therapy can be 
commenced by ambulance crews; this can be done in 
most rural areas or small towns where hospital facili-
ties are at a distant from the patient. In areas where 
small clinics exist and are manned by a few nurses and 
a doctor, governmental bodies should provide an ECG 
machine; many inexpensive portable machines are 
available.

 ■ Any doctor attending a clinic can within a few hours 
learn how to diagnose acute STEMI from the ECG. 
The learning can be derived from this chapter, and  
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Chapter 5 (ECG Interpretation Made Easy). This strat-
egy can save countless lives or minimize the hazards 
following an acute MI.

 Ways to reduce delays in administration of a throm-
bolytic drug or achieving PCI immediately after STEMI  
onset include the following:

 ■ Early recognition of symptoms by patients and prehos-
pital diagnosis so that the ER can be bypassed in favor 
of direct admission to the catheterization laboratory 
(Windecker et al. 2013) or at least to a coronary care 
unit or a simple ICU, to rapidly commence or complete 
the IV thrombolytic, and prevent death from ventricu-
lar tachycardia (VT) or VF.

 ■ For most developing countries, IV thrombolysis is the 
only lifesaving strategy. PCI is a limited procedure that 
can be successful in cities equipped with facilities, 
 specialized cardiology staff and nurses.

 Physicians in rural areas: Physicians in rural areas 
of developing countries must develop a strategy to give 
immediately propranolol 20–40 mg, plus aspirin and a 
statin, (the medical bag must contain these 3 drugs) and 
administer a thrombolytic agent within an hour or 2 of 
onset of chest pain.
 Thrombolytic therapy: Thrombolytic therapy is expec-
ted to be most beneficial with a set goal of less than 2 hours 
from the onset of symptoms and less than 20 minutes  
door-to-needle time (home or hospital). If PCI facilities 
are not readily available immediate thrombolytic  therapy 
is commenced during ambulance transport or within 20 
minutes of arrival at an emergency. A door-to-needle time 
of more than 20 minutes is inexcusable. Improving the 
proportion of patients receiving reperfusion and decreas-
ing the delay in delivering reperfusion would save more 
lives than changing from the strategy of fibrinolysis to 
primary PCI or introducing novel-adjunctive therapies to 
current reperfusion practices without delay in achieving a 
door-to-balloon time less than 60 minutes with maximum 
90 minutes. The benefit of PCI over fibrinolysis remains 
dependent on timely implementation, with some analyses 
suggesting that the incremental benefit is lost with a rela-
tive delay in door-to-balloon time (Wijeysundera et al. 
2007) versus door-to-needle time of between 60 minutes 
and 114 minutes, with less tolerance in high-risk patients 
(Nallamothu and Bates 2003; Pinto et al. 2006). In the US, 
the median door-to-balloon time during the past decade 
was 180 minutes, with less than 5% of patients treated 
within the 90 minutes.

 In the Gruppo Italiano per lo Studio della Streptochi-
nasi Nell‘Infarto Miocardico (GISSI-1 1986) and Second 
International Study of Infarct Survival (ISIS-2 1988) trials, 
decrease in mortality was more than 50% compared with 
controls treated in the first hour. Unfortunately, less than 
5% of patients actually received therapy within 1 hour of 
onset but often 2 hours was achieved. 

 ■ Streptokinase is strongly recommended because it has 
been proven to save lives and heparin is not needed. 
Tenecteplase $2,000 + IV heparin is necessary versus 
$200 for SK, no heparin.

 ■ If SK is chosen, give a high dose statin, aspirin 80 or 81 
mg soft chew stat and daily and a beta-blocker  [if there 
are no symptoms or signs of heart failure [propranolol 
or timolol; bisoprolol and metoprolol are reserved for 
those with lung diseases; do not use atenolol or carve-
dilol].

 ■ The Italian trials of IV SK GISSI-1 (1986) and ISIS-2 
(1988) have demonstrated that IV SK produces ade-
quate reperfusion if it is given within the first 2 hours 
of the onset of the ischemic event. The GISSI study and 
ISIS-2 indicate that an IV infusion of 1.5 million unit 
of SK over about 1 hour is not particularly expensive 
or troublesome to give routinely, and heparin is not 
required. The randomization of over 6,000 patients in 
ISIS-3 and GISSI-2 indicated no real difference in early 
mortality between SK and t-PA, and although there 
was a small trend suggestive of a slightly higher inci-
dence of intracranial bleeding resulting from t-PA plus 
heparin: no difference in “net clinical outcome”.

 The Global Utilization of Streptokinase and Tissue 
Plasminogen Activator for Occluded Coronary Arteries 
(GUSTO 1993) trial studied 41,021 patients with acute 
infarction. The primary end point, 30-day mortality, was 
modestly lowered with accelerated t-PA (6.3%) versus SK 
(7.3%) a 14% risk reduction (p = 0.006). A 14% reduction is 
not clinically meaningful and parallels the less than 14% 
observed effects of placebo; the large sample size exagger-
ates the salutary effects of t-PA.
 The Assessment of the Safety and Efficacy of a New 
Thrombolytic [(ASSENT)-2 Trial 1999] compared single 
bolus tenecteplase (TNKase) with front-loaded t-PA in 
16,949 patients. At 30 days, mortality rates were almost 
identical, but in patients treated after 4 hours, the mortal-
ity rate was 7% for TNKase and 9.2% for t-PA (p = 0.018).
 The ease of SK or particularly reteplase administra-
tion without heparin use should appeal to clinicians in  
developing countries.
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 In many countries outside North America, SK use 
should be continued or revitalized; use SK without hepa-
rin in the young or older patient with an inferior MI and 
in most patients over age 75. It is not logical to administer  
TNKase to all patients with acute MI based on the net  
clinical benefit and cost-effectiveness.
 I agree completely with the statement made by Collins 
et al. (1997), “The choice of TNKase or SK is of little conse-
quence to public health worldwide, particularly when the 
real problem is the ER door-to-needle time, which is still 
inexcusably high, in excess of 30 min” and remains high 
(Khan 2011).
 The existing data indicate that the majority of heart 
attack victims must be reached within 20 minutes of a 
call for help. It is most logical and beneficial to administer 
reteplase or SK in the home or during ambulance transport 
once a diagnosis is confirmed. If telemetry is not available 
and diagnosis is not possible, then the emergency door-to-
needle time should not exceed 20 minutes (Khan 2015).

INTRACRANIAL HEMORRHAGE
The incidence of ICH in RCTs was reported as follows:

 ■ GUSTO-II (1997): SK 0.37, t-PA 0.72 
 ■ ASSENT-2 (1999): t-PA 0.93, TNKase/t-PA 0.94. 

 Analysis of the Medicare database suggests that throm-
bolytic therapy with t-PA is harmful in patients older than 
75 year (Thiemann et al. 2000). The incidence of stroke is 
more than 4% for t-PA and approximately 2.85% for SK in 
patients older than 75 years. There appears to be a four– 
fivefold greater incidence of ICH in patients older than 75 
years who are treated with t-PA versus SK (Khan 2015). 
Treatment with accelerated t-PA mandates IV heparin for 
more than or equal to 48 hours after initiating therapy; 
thus longer hospital stay. SK does not require heparin and 
can be done in the home or ER and discharge within 24 
hours on a beta-blocker, aspirin and statin to save cost.

 ■ Thus, SK (or reteplase) is the recommended drug to be 
used in developing countries in areas where PCI is not 
readily available.

 ■ In addition, SK’s cost is approximately $200 versus 
Tenecteplase more than $2000 and with added heparin, 
a clinical nuisance.

Streptokinase
Drug dosage: Streptokinase
 1.5 million units in 100 mL 0.9% saline IV infusion 
over 30–60 minutes. The SK combines with plasminogen  

to form plasminogen activator complex. The complex 
converts free plasminogen to plasmin, which causes 
fibrinogenolysis and independent lysis of fibrin. SK also 
causes activation of fibrin-bound plasminogen; thus, two 
independent actions occur. The activator complex has a  
half-life of about 85 minutes. The extensive coagulation 
defect begins rapidly after administration, remains intense 
for about 4–8 hours, and dwindles over the following 36–48 
hours.
 Heparin is not required when SK is administered. About 
65% coronary patency rate is observed when 1.5 million 
units of the drug are given within 3 hours of the onset of 
symptoms of infarction. Allergic reactions are seen in 
about 2% of patients. Edema, bronchospasm, angioneu-
rotic edema and anaphylaxis are reported in 0.1–0.5% with 
apparently no fatalities. Hypotension occurs in 6–8% of 
patients but usually is responsive to fluid administration. 
 The final report of GISSI, published in The Lancet after 
a 12-month follow-up period drove home the usefulness 
of streptokinase. There was a significant difference in 
 mortality rates between the streptokinase group and the 
nonstreptokinase group (controls) at 12 months (17.2% in 
the streptokinase group versus 19.0% in controls, p = 0.008; 
relative risk = 0.90), especially in the 0–3-hour groups.

Tenecteplase
Drug dosage: 0.5 mg/kg bolus.
 Tenecteplase is a genetically engineered triple-com-
bination mutant of native t-PA, and has proven successful 
foll owing the ASSENT-3 Trial (2001). Heparin IV is needed 
or subcutaneous (SC).

Reteplase
Drug dosage: 10 units over 10 minutes; the same dose is 
repeated 30 minutes later.
 Reteplase is a deletion mutant of alteplase. Reteplase 
can be administered as a bolus injection; this is an advan-
tage over t-PA and SK. Reteplase, however, showed only a 
small benefit over SK in the INJECT (International Joint 
Efficacy Comparison of Thrombolytics) trial (1995), but it 
had mortality, ICH and stroke rates similar to those of t-PA 
in the GUSTO-III trial (1997). Heparin must not be given 
through the same IV line. Allergic reactions are seen in 
about 2% of patients. Edema, bronchospasm, angioneu-
rotic edema and anaphylaxis are reported in 0.1–0.5% with 
apparently no fatalities. Hypotension occurs in 6–8% of 
patients but usually is responsive to fluid administration.
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Beta-blocker
Physicians should insist on commencing the drug within 
a few hours following the conformation of STEMI or 
NSTEMI; if not commenced on day 1, should be started by 
day 2.
 Propranolol: 20 mg to 40 mg twice daily increasing 
over weeks to 120–240 mg/day (only in nonsmokers) or
 Timolol: 5 mg twice daily increasing over weeks to 10 
mg twice daily. Bisoprolol or metoprolol: for those with 
lung disease.
 Carvedilol: In the CAPRICORN study 1,959 patients 
with a proven acute MI and EF of less than or equal to 40% 
were randomly assigned 6.25 mg carvedilol (n = 975) or 
placebo (n = 984). Dosage was increased to a maximum of 
25 mg twice daily during the next 4–6 weeks.
 Results were disappointing: There was no significant 
difference between the two groups in the coprimary end 
point of death or cardiovascular hospital admission, or 
in the secondary end points of sudden death and admis-
sion to hospital because of heart failure. Total mortality of 
116 (12%) for carvedilol versus 151 (15%) for placebo p = 
0.03, not significant. Heart failure admission of 118 [125 for 
carvedilol versus 138 for placebo (14%)], p = 0.215. Sudden 
deaths did not decrease. The additions were reported as 
significant (Dargie 2001). Carvedilol has alpha activity that 
may render the drug non cardioprotective particularly in 
patients with lowered blood pressure, impending cardio-
genic shock.
 Atenolol: Must not be used because it is a poorly effec-
tive drug that is commonly used worldwide; an error made 
by cardiologists and experts (see Chapter 19).

Angiotensin-converting Enzyme 
Inhibitor Therapy
Angiotensin-converting enzyme inhibitors or ARBs are 
administered only for patients who have documented 
heart failure on day 2 of infarction.
or an EF < 40% on day 2–4. These agents are overused and 
do not prevent recurrent infarction or fatal outcomes.
 SMILE study: The Survival of Myocardial Infarction 
Long-term Evaluation (SMILE) study, showed that zofeno-
pril, an analog of captopril, commenced at approximately 
15 hours after the onset of anterior MI and continued for 
6 weeks, caused a reduction in mortality and occurrence 
of severe heart failure at 6 week and at 1 year follow-up 
(Ambrosioni et al. 1995). The initial dose of medication 
was 7.5 mg. The dose was repeated after 12 hours and 

progressively doubled—as long as systolic blood pressure 
remained above 100 mm Hg and there were no signs or 
symptoms of hypotension—until the final target dose of 30 
mg twice daily was reached.
 During the 6 weeks of treatment, death or severe 
 congestive heart failure occurred in 83 of the 784 patients 
in the placebo group (10.6%) and in 55 of the 772 patients 
in the zofenopril group (7.1%).
 “There was a reduction in risk mainly attributable to a 
decrease in the incidence of severe congestive heart fail-
ure but not for total deaths. At 1 year, 77 of 772 patients in 
the zofenopril group (10.0%) died, as compared with 111 
of 784 patients in the placebo group (14.1%), and this diff-
erence accounted for a significant reduction in the risk of 
death (29%; p = 0.011), but patients in the placebo group 
were at higher risk” (27% diabetics in placebo only 10% 
in treated L; 40% hypertension versus 21%; 20 (19.6%)  
previous MI versus 4 (4%).

 ■ Deaths zofenopril 51 versus 38
 ■ Heart failure 32 versus 46 but beta-blockers were rarely 

used; less than 15%. The study is flawed and most 
pateints are prescribed these agents based on this 
small study.

 AIRE (Acute Infarction Ramipril Efficacy) study: 2,006 
patients 3–10 days post-MI with heart failure class II and 
III were randomized. At a minimum follow-up of 6 months 
and an average of 15 months, there were 170 deaths in 
the ramipril group and 222 deaths in the placebo group  
(p = 0.002), an observed risk reduction of 27%. If heat  
failure is present 3–7 days post MI, it is necessary to use all 
therapies for heart failure including ACE inhibitor [ARBs 
are not all alike and caution is needed (see Chapters 8  
and 10)].
 Eplerenone: EPHESUS (Eplerenone Post-Acute Myo-
cardial Infarction Heart Failure Efficacy and Survival 
Study) RCT of 6,632 patients 3–14 days postacute MI 
with EF less than 35% were studied. At 1-year follow-up, 
eplerenone-treated patients had an all-cause mortality of 
14.45% versus 16.7% for spironolactone-treated patients. 
But eplerenone-treated patients had slightly and signifi-
cantly higher rates of worsening renal function (creati-
nine increased 0.06 mg/dL vs 0.02 mg/dL) and of serious 
hyperkalemia (5.5% vs 3.9%) (Pitt et al. 2003). Caution is 
needed; use aldosterone antagonists only if more than 
40 mg furosemide daily is needed to maintain freedom 
from symptoms and signs of heart failure and EF is < 35%  
(See Chapters 8, 10). Patients in this study did not receive 
optimal medical therapy with beta-blockers statins or 
aspirin.
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NON-ST-SEGMENT ELEVATION 
MYOCARDIAL INFARCTION

In most patients with chest pain, an ECG ST-segment 
depression diagnostic of ischemia (see Flowchart 7.3) and 
a positive troponin or CK-MB, a diagnosis of NSTEMI, is 
made.
 The RITA-3 (Third Randomised Intervention Treat-
ment of Angina) trial compared outcomes of a routine 
early invasive strategy (coronary arteriography and myo-
cardial revascularization, as clinically indicated) to those 
of a selective invasive strategy (coronary arteriography 
for recurrent ischemia only) in patients with NSTEMI, a 
median of 5-year follow-up, the routine invasive strategy 
was associated with a 24% reduction in the odds of all-
cause mortality. The advantage of reduced mortality of 
routine early invasive strategy seen at 5 years was attenu-
ated during later follow-up, with no evidence of a differ-
ence in outcome at 10 years (RITA-3 2016). The authors 
further stratify the results by the postdischarge GRACE 
(Global Registry of Acute Coronary Events) score and find 
no clear treatment effect by low-, intermediate-, or high-
risk categories.
 TIMACS (Timing of Intervention in Patients with Acute 
Coronary Syndromes; 2009) randomly assigned 3,031 
patients with acute coronary syndrome (ACS) to undergo 
either routine early intervention (coronary angiography 
less than or equal to 24 hours after randomization) or 
delayed intervention (coronary angiography more than or 
equal to 36 hours after randomization).
 Among patients with a score of 140 or less (a combina-
tion of the low-risk and intermediate-risk thirds) there was 
no significant difference between groups (7.6% vs 6.7%).
 A delayed approach (36–48 h) is reasonable in low-to 
intermediate-risk patients. There is no evidence that incre-
mental benefit is derived by angiography and intervention 
performed within the first few hours of hospital admission 
even in high-risk patient.

 ■ In high-risk patients, intervention within 12–24 hours 
is superior to a strategy of delaying intervention to 
more than 36 hours.

 Fox and colleagues assessed a meta-analysis (n = 
5,467 patients) designed to determine whether outcomes 
are improved despite trial differences: “a routine invasive 
strategy reduces long-term rates of cardiovascular death 
or MI and the largest absolute effect is seen in higher-risk 
patients” (Fox et al. 2010).

Discharge Medications
 ■ Beta-blocker: Patients should be discharged on the  

following:
 ◆ Propranolol: 40–80 mg twice daily increasing over 

weeks: maintenance 120–240 mg/day (use only in 
nonsmokers).

 ◆ Timolol: 5 mg twice daily increase over weeks to  
10 mg twice daily (maintain heart rate 48–58 beats/
min).

 ■ Bisoprolol: 5–10 mg/d in patients with lung disease
 ■ Metoprolol: 50–100 mg twice daily atenolol

 ◆ Atenolol is not recommended; bisoprolol 5–10 mg/
day is advisable if bronchospastic disease is present.

 ■ Aspirin 80–81 mg nonenteric, coated after a meal daily. 
Keep three handy for emergency use.

 ■ Statin: Preferably the following:
 ◆ Rosuvastatin 20 mg daily (40 mg in USA) for a 

few months to achieve goal LDL-C less than 1.8 
mmol/L, if not achieved add ezetimibe 10 mg/day.

 ◆ Atorvastatin 60 mg daily (80 mg in USA) for a 
few months to achieve goal LDL-C less than 1.8 
mmol/L, if not achieved add ezetimibe 10 mg/day.

 ■ ACE inhibitor: Ramipril, or zofenopril, or trandolapril 
(proven in RCTs).

 Administer only if large anterior MI, or compensated 
heart failure or EF less than 40%.
 These drugs are overused.

SITOSTEROL: ADVICE FOR DIABETICS TO 
REDUCE SITOSTEROL BLOOD LEVELS
About 50% of diabetic patients are expected to have sitos-
terolemia, 5–10 mg/L.
 Foods to minimize: Some foods with high sitosterol 
content should be minimized. 
 All vegetable oils (corn, canola, safflower, and coconut 
oils are high compared with soybean, and flaxseed) mar-
garine (corn oil canola) avocado, nuts: pistachio, almonds, 
cashew; canola oil and corn oil: One tablespoon of con-
tains 59 milligrams of beta-sitosterol.
 Foods with lower sitosterol levels: Carrots, cauliflower, 
cabbage, bananas, apples, peaches and pears. Soybean oil: 
23 milligrams in a tablespoon Flaxseed oil: 28 milligrams 
in a tablespoon.

Ezetimibe
Ezetimibe is indicated as adjunctive therapy to diet for 
the reduction of elevated sitosterol levels in patients with 
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homozygous familial sitosterolemia. Thus, ezetimibe is 
indicated as adjunctive therapy to diet for the reduction of 
elevated sitosterol in diabetic patients. 
 Drug therapy and dietary restriction are both neces-
sary.
 Ezetimibe reduces blood sitosterol ~21% (Salen et al. 
2004). 
Dosage: 12–13 hr fasting sitosterol blood level
 7–10 mg/L 20 mg daily (two 10 mg tablets)
 Sitosterol level not determined because of cost or una-
vailable.
 4.5 – 6.9 mg/L 10 mg daily
 Advise 10 mg daily.
 If positive family history of MI or stroke before age 75: 
20 mg/d is advisable.

Rehabilitation
 ■ Walk approximately 2 miles or 40 minutes daily, or 

other exercise.
 ■ Diet low in saturated fats. Do not use coconut oil, palm 

oil or ghee for cooking as it can increase atheroma  
formation and progression. Investigate other oils.

 ■ Stress management.

NEW CONCEPTS FOR PREVENTION OF 
FATAL MYOCARDIAL INFARCTION OR 
SUDDEN DEATH
Sudden cardiac death and fatal MIs occur in more than 
33% of patients who have a heart attack. Approximately 
50% of deaths occur within 1–2 hours of onset of symp-
toms, mainly because of VF and cardiogenic shock. 
Worldwide this represents approximately 3 million deaths  
annually.
 Flowchart 7.3 gives an algorithmic approach that 
addresses probable solutions to hopefully prevent more 
than 33% of the 3 million deaths; 1 million deaths annu-
ally.
 The hypothesis presented should provoke thought and 
RCTs. A lesson can be learnt from studying the pathophys-
iology of stress cardiomyopathy. The takotsubo syndrome 
causes severe LV dysfunction, shock and death. Catecho-
lamine-like vasoactive agents including dobutamine or 
stress duting surgery may precipitate attacks in susceptible 
individuals. 
 Timolol and propranolol are the only two drugs proven 
to significantly prevent sudden cardiac deaths and VF (see 
Table 7.2). Metoprolol has shown some VF prevention but 

numbers were small and only possess β-1 activity. RCTs 
in post-MI patients were small. See earlier discussion on 
metoprolol for detail. 
 Carvedilol, with mild α-1 activity is not advisable; 
cardioselective β-1 agents are not advisable. Atenolol is 
widely used but is not recommended because it is a poorly  
effective beta-blocker (see Chapter 19: Which beta-blockers 
are recommended. Apart from its paroven use in hyper-
tension of pregnancy atenolol should be rendered obso-
lete (Khan 2007).
 Propranolol and timolol reduce cardiac output, but 
this result in increased peripheral vascular resistance that 
is required at the fight or flight reaction stage. Vascular 
resistance will markedly increase if propranolol is admin-
istered when epinephrine is circulating.
 The vasodilator action of epinephrine mediated via 
β-2-adrenergic receptors will be blocked, unmasking the 
powerful α-adrenergic receptor-mediated vasoconstric-
tion that is needed at this early phase to maintain a blood 
pressure greater than 80 mm Hg and prevent death. It is 
well known that propranolol can curb the marked anxiety 
caused by sympathetic stimulation. Serum potassium can 
drop suddenly more than 1 mmol/L during severe exertion 
and during stress. Patients with serum potassium less than 
3.5 mmol/L on admission with ACS have a higher mortal-
ity (Goyal et al. 2012).
 It is necessary to use a lipophilic β-1 and β-2 beta-
blocker to attain high brain concentration. These agents 
ameliorate catecholamine surge and cause the following:

 ■ Peripheral arterial constriction that should combat 
cardiogenic shock at the earliest stage and thus may 
prevent some deaths

 ■ The melioration of early AM platelet hyperaggregabil-
ity that may prevent heart attacks

 ■ Restoration of sudden marked drop in serum potas-
sium levels that can occur during insurmontable stress 
or severe exertion

 ■ Prevention of VF.
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Heart Failure
8

CHAPTER

INTRODUCTION
Heart failure (HF) occurs when the heart is unable to eject 
enough blood from its chambers into the circulation to 
satisfy the needs of the body. The heart consumes more 
energy per gram than any other organ.
 Heart failure has reached epidemic proportions world-
wide. There is much talk and writings regarding failures to 
prevent recurrent HF (rehospitalization) by experts who 
do not advise using digoxin, and diuretics are used inap-
propriately. Instead, there is too much reliance on angio-
tensin-converting enzyme (ACE) inhibitors and angiotensin 
receptor blockers (ARBs).
 Four golden rules dictate efficient management:
1. Ensure that the diagnosis of HF is correct, eliminating 

the conditions that may mimic HF.
2. Determine and treat the basic cause of the heart  

disease. The rare surgical or medical cure is worth the 
effort.

3. Search for the precipitating factors; remove or treat 
and prevent their recurrence to avoid further epi-
sodes of HF. Withdraw drugs known to worsen HF; 
[nonsteroidal anti-inflammatory drugs (NSAIDs)] and 
notably calcium antagonists commonly administered 
to patients with hypertension and coronary heart  
disease (CHD).

4. The specific treatment of HF requires sound and 
 up-to-date knowledge of the pathophysiology of HF, 
and the actions, indications and side effects of the 
pharmacological agents used in its management. 
Relieve symptoms and signs of HF by reducing raised 
filling pressures to near normal.

PATIENT ASSESSMENT
 ■ Is shortness of breath mild, moderate, or severe? Deter-

mine the degree of shortness of breath and assess for 
orthopnea and paroxysmal nocturnal dyspnea.

 ■ Document the history of acute myocardial infarction 
(MI), previous infarction, chronic ischemia, a past  
history of congestive heart failure (CHF), or known 
valvular lesions.

 ■ Is atrial fibrillation (AF) present with a fast ventricular 
response of greater than 140 beats/min?

 ■ If there is no evidence of the above-mentioned prob-
lems, ask about excessive alcohol consumption, which 
can cause HF.

FACTORS PRECIPITATING HEART FAILURE
 ■ Reduction or discontinuation of medication, salt 

binge, and increased physical activity in patients with 
underlying cardiac disease.

 ■ Increased cardiac output caused by severe hyperten-
sion, arrhythmia, or infection.

 ■ Progression or complication of the basic underlying  
heart disease [i.e. ischemic heart disease (IHD), left 
ventricular (LV) aneurysm, or increasing valvular  
disease].

 ■ Drugs that may precipitate cardiac failure, includ-
ing NSAIDs, beta-blockers, corticosteroids, calcium 
antagonists, digitalis toxicity and some antiarrhythmic 
agents, including disopyramide and procainamide. 
Also, chemotherapeutic agents may precipitate myo-
cardial dysfunction and HF.

CAUSES OF HEART FAILURE
 ■ Myocardial damage caused by IHD and its complica-

tions, by myocarditis, or by cardiomyopathy.
 ■ Ventricular overload caused by pressure overload 

resulting from hypertension, aortic stenosis and  
pulmonary stenosis.

 ■ Volume overload caused by mitral regurgitation, aortic 
regurgitation, ventricular septal defect, atrial septal 
defect, or patent ductus arteriosus.
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 ■ Restriction and obstruction to ventricular filling 
caused by mitral stenosis, cardiac tamponade, con-
strictive pericarditis, restrictive cardiomyopathies, or 
atrial myxoma.

 ■ Cor pulmonale 
 ■ Other causes, including thyrotoxicosis and arterio-

venous fistula.

SELECTIVE PHYSICAL EXAMINATION
Physical examination in an HF patient includes the 
following:

 ■ Assess the vital signs
 ■ Examine the cardiovascular system for increased jugu-

lar venous pressure (JVP). With HF, the JVP is greater 
than 2 cm above the sternal angle. Prominent V waves 
are easily seen if tricuspid regurgitation is present. The 
venous pressure may not be readily visible if it is mark-
edly elevated to the angle of the jaw. Sit the patient 
upright and look for pulsation of the ear lobes; look 
tangentially across the neck for visible waves.

 ■ Assess carefully for cardiomegaly with the patient in 
the left lateral position; assess thrills, murmurs and 
gallop rhythms. An S3 gallop is heard in most cases of 
HF. An S3 gallop or summation gallop (S3 or S4) is heard 
in virtually all patients with dilated cardiomyopathy; 
the sound is much louder than that heard with HF  
secondary to ischemic or valvular heart disease.

 ■ Assess for crackles (crepitations) over lung fields and 
for pleural effusion. Pleural effusion is much more 
common on the right side in patients with HF.

 ■ Assess for bilateral pitting edema, and in patients who 
have been confined to bed, check for presacral edema. 

DIAGNOSTIC TESTING

Chest X-ray
The radiologic signs of HF clinch the diagnosis. Echocardio-
graphy is a most important test but does not tell us if HF is 
present; it helps to define cause of failure. It is crucial to 
carefully asses the chest X-ray and learn to recognize these 
findings, which include the following:

 ■ Interstitial pulmonary edema; perihilar haze, pulmo-
nary clouding and Kerley B lines (septal lines at the 
bases that extend to the pleura and should not exceed 
2 cm in length and 1–2 mm in width) (Fig. 8.1).

 ■ Constriction of the lower lobe blood vessels and 
dilation of the upper zone vessels, a sign of pulmo-
nary venous hypertension; these findings may occur 

in patients with mitral stenosis and severe chronic 
obstructive pulmonary disease and if the X-ray is taken 
with the patient in the supine position.

 ■ Pleural effusions; blunting of the costophrenic angle, 
especially on the right side, which is greater than the 
left, is a common finding.

 ■ Interlobar fissure thickening owing to an accumula-
tion of fluid; this is best seen in the lateral film.

 ■ Dilation of the central pulmonary arteries
 ■ If LV failure is severe or if mitral stenosis is the cause, 

pulmonary edema may be severe, and a “butterfly” 
pattern becomes obvious (Fig. 8.2).

 ■ Heart size may be slightly increased, but in many types 
of HF (e.g. acute MI, mitral stenosis, aortic stenosis 
and cor pulmonale) the heart size may remain within 
normal limits.

 ■ It is important to exclude radiologic mimics of HF; 
differential diagnosis includes viral and other pneu-
monias, allergic pulmonary edema caused by heroin 
and nitrofurantoin, lymphangitic carcinomatosis, high 
altitude and alveolar proteinosis. Occasionally, uremia  
and inhalation of toxic substances and increase in  
cerebrospinal fluid pressure can cause radiologic 
changes.

Fig. 8.1: Kerley B lines in interstitial pulmonary edema. These 
are short opaque lines (arrowhead) seen best along the lateral  
aspects of the lungs. Thickened interlobular septa from lymphangitic 
spread of tumor can produce an identical appearance.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd  
edition. Philadelphia: WB Saunders/Elsevier Science; 2006. p. 172,  
Figure 6.34.
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 ■ Edema of legs must be bilateral; see Chapter 1 that  
discusses edema.

Lung Ultrasound Outperforms Chest X-Ray for 
Heart Failure Diagnosis
In an Italian study, the accuracy of lung ultrasound for 
detecting CHF in patients presenting with acute dyspnea 
was assessed (Pivetta et al. 2015).

 ■ Ultrasound was performed in the emergency depart-
ment by trained emergency physicians. Adjudication 
by two experts who relied on all available data (but 
were blinded to lung ultrasound results) was the gold 
standard.

 ■ The final diagnosis was acute decompensated HF in 
46% of the 1,005 patients.

 ■ The negative and positive predictive values of clinical 
assessment plus lung ultrasound were both 97%. Lung 
ultrasound alone had negative and positive predictive 
values of 92%, which were significantly higher than the 
values of 76% and 77%, respectively, for chest X-ray 
alone.

 ■ In patients who had measurement of brain-type 
natriuretic peptide, lung ultrasound alone had higher 
negative predictive value (86% vs 75%) and positive 
predictive value (92% vs 75%). Agreement was excel-
lent between two novice users and an expert in a blind 

review of a random sample of 200 ultrasound clips 
(Kappa = 0.92).

 ■ Lung ultrasound may soon replace chest X-ray as the 
diagnostic modality of choice for pneumonia, and this 
study suggests the same for CHF. 

 ■ Accuracy is operator-dependent and training is 
required, but this study suggests that the technique is 
easily learned (Pivetta et al. 2015).

 ■ Bilateral presence of two or more lung zones with at 
least three B-lines had negative and positive predictive 
values of 92% (Pivetta et al. 2015).

B-type Natriuretic Peptide
Patients in whom the diagnosis of HF as the cause for  
acute shortness of breath is in doubt, B-type natriuretic 
peptide (BNP) test can clarify whether severe shortness of 
breath is caused by HF or by pulmonary disease. BNP is 
released by cardiac myocytes of the ventricles in response 
to myocardial wall stress that is brought on by increased 
transmural wall tension and elevations of end-diastolic 
pressure and volume.

 ■ At a cutoff of 100 pg/mL, the diagnostic accuracy of 
BNP has been shown to be approximately 83%. 

 ■ A level of BNP less than 50 pg/mL indicates the  
absence of HF. Patients with the diagnoses of HF  
usually have mean BNP levels greater than or equal to 
675 pg/mL. 

 ◆ Some laboratories report in unit nanogram per  
liter (ng/L), which is equivalent to pg/mL.

 ◆ For patients with HF, BNP values will, in general, 
be above 100 pg/mL. Lower levels are often seen in 
obese patients. Higher levels are seen in those with 
renal disease, in the absence of HF.

Criticism
Clinical use of BNP for the diagnosis of HF is useful but has 
been criticized (Packer 2003) in that patients with high 
concentrations of this peptide typically have classic signs, 
symptoms and laboratory values greatly indicative of the 
disorder, i.e. an accurate diagnosis can be made on clinical 
grounds and from chest X-ray. The chest X-ray is virtually 
always abnormal in patients with HF except for solely right 
HF which is an uncommon scenario.
 The negative predictive value of BNP less than 100 pg/
mL is high; such patients have a very low likelihood of  
having acute HF. Specific age-related thresholds [N-terminal 
pro b-type natriuretic peptide (NT-proBNP) > 450 pg/mL  

Fig. 8.2: Diffuse alveolar pulmonary edema showing ill-defined 
opacification in both lungs that is most prominent in the perihilar 
regions 
Source: Adapted from Khan M Gabriel. Pulmonary Disease Diag-
nosis and Therapy: A Practical Approach. Baltimore: Williams & 
Wilkins; 1997. p. 66.
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for patients <50 years of age and NT-proBNP > 900 pg/mL  
for patients 50 years of age or older] have been proposed 
for NT-proBNP, rather than a single cut-point. Interpre-
tation of the results must take into account important 
sources of false negatives (e.g. obesity), aging and chronic 
kidney disease, and alternative diagnoses (e.g. acute coro-
nary syndrome or pulmonary embolus) (Francis et al. 2016). 
The usefulness of this peptide is lessened by the fact that 
amounts are raised with advanced age, female sex, and  
renal impairment and are lowered with obesity (Clerico et al. 
2002).

Venous Thromboembolism
Heart failure is a common independent risk factor for 
venous thromboembolism. Venous thromboembolism 
(VTE) rates varied widely in patients in hospital with HF 
from different settings. The symptomatic VTE rate is ~4% 
for patients not receiving anticoagulant therapy versus 
~ 2.5% for those receiving. Thus it is advisable to administer 
a low molecular weight heparin (LMWH) enoxaparin or  
tinzaparin to those at highest risk.

 ■ Thromboprophylaxis should be considered in clinical 
practice for high-risk patients. Incrementally, more 
physical activity provides a protective benefit in pre-
venting HF, and that levels of physical activity greater 
than current guideline recommendations provide 
even greater benefit.

 ■ For individuals in whom a diagnosis of clinical HF is 
less clear, BNP amounts often fall within an uncertain 
gray zone.

Echocardiography
Echocardiography is the most useful test to evaluate 
patients with proven HF and assesses the probable cause:

 ■ Left ventricular function and provides an ejection 
fraction (EF) that is sufficiently meaningful for the  
guidance of therapy although not an accurate EF

 ■ Regional or global hypokinesis
 ■ Cardiac dimensions: It replaces radiology for cardiac 

chamber dilation
 ■ Regional LV wall motion abnormalities that indicate 

ischemia and significant CHD.
 ■ Hypertrophy, concentric, or other
 ■ Left atrial enlargement common with valvular heart 

disease and an early sign of LV hypertrophy
 ■ Presence or absence of valvular heart disease and  

significance

 ■ Congenital heart disease
 ■ Diastolic dysfunction: after confirmation of normal 

systolic function and absence of valvular disease
 ■ Pericardial disease, effusion, tamponade
 ■ Myocardial disease.

 Gated nuclear imaging is more accurate for EF in the 
absence of atrial fibrillation but does not assess valves, 
hypertrophy, or items listed above.

Electrocardiography
The electrocardiography (ECG) may be normal in patients 
with HF. In most cases, the following subtle abnormalities 
may be detected:

 ■ ST-T wave changes nonspecific or in keeping with 
ischemia

 ■ Signs of acute infarction or previous infarction 
 ■ Left atrial enlargement
 ■ Left ventricular hypertrophy with strain pattern
 ■ T wave inversion, Q waves, or conduction defects  

consistent with IHD, cardiomyopathy or specific heart 
muscle disease.

MANAGEMENT

Diuretics
 ■ Furosemide is used worldwide. Give furosemide, 40–80 

mg intravenously immediately, followed by 40–120 mg 
orally daily. 

   Admission to hospital can be avoided for many if IV 
furosemide is administered in the home, ambulance  
or within minutes of arrival to an ER. If maximal effect 
is needed take early in morning preferably on an empty 
stomach.

   The meal reduces the peak level of furosemide and 
decreases its bioavailability by approximately 30%. 
So it is better not to take furosemide with food if the 
maximum effect is critical. Most patients are not told 
because the drug is powerful. But for severe heart fail-
ure take 1 hour before a morning meal action is for sev-
eral days, then a maintenance dose of 40–80 mg daily. If 
a second dose is needed give in early afternoon before 
3 pm to avoid nocturia with reductions over weeks or 
months depending on edema and degree of shortness 
of breath. Doses more than 40 mg daily often requite 
the addition of an aldosterone antagonist.

 ■ Amiloride, 5 mg/day, spironolactone, 50 mg/day (avoid 
in men), eplerenone, 25 mg/day: These agents enhance 
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the effectiveness of loop diuretics or thiazides and 
conserve potassium. Administration of spironolac-
tone reduced HF recurrence in RALES (Pitt et al. 1999). 
Patients enrolled: New York Heart Association (NYHA) 
class IV heart failure within the six months before 
enrolment and were in NYHA class III or IV at the 
time of enrolment, had been given a diagnosis of heart 
 failure at least six weeks before enrolment, were being 
treated with an ACE inhibitor (if tolerated) and a loop 
diuretic, and had a left ventricular ejection fraction of 
no more than 35% within the six months before enrol-
ment.~72% received digoxin but only 10% received 
a beta-blocker. The author virtually always adds an 
aldosterone antagonist to heart failure therapy if 40 mg 
or more of furosemide is needed to control symptoms 
and signs and eGFR is >50 mL/min.

Angiotensin-Converting Enzyme 
Inhibitors
Because some ARBs are effective, and ACE inhibitors 
cause angioedema that has caused deaths and emergency 
room visits, I advise ARBs.

 ■ But only losartan has proven equality.
 Available ACE inhibitors include: captopril, enalapril, 
lisinopril or ramipril. These should be avoided in patients 
with significant valvular obstruction (aortic and mitral  
stenosis).

Angiotensin Receptor Blockers
Losartan
Losartan proved effective in the randomized controlled 
trial (RCT) ELITE 11 (The Losartan Heart Failure Survival 
Study). 
Dosage: 25–50/day
ELITE 11: Effect of losartan compared with captopril on 
mortality in patients with symptomatic HF. Pitt et al. (2000) 
conducted a double-blind RCT of 3,152 patients aged 60 
years or older with class II–IV HF and EF of 40% or less. 
Patients, stratified for beta-blocker use, were randomly 
assigned losartan (n = 1,578) titrated to 50 mg once daily 
or captopril (n = 1,574) titrated to 50 mg three times daily. 
The primary and secondary end points were all-cause  
mortality and sudden death or resuscitated arrest. Analy-
sis was by intention to treat: 

 ■ At 555 days, there were no significant differences in  
all-cause mortality (11.7% vs 10.4% average annual 
mortality rate) or sudden death or resuscitated arrests 
(9.0% vs 7.3%) between the two treatment groups.

 ■ Significantly fewer patients in the losartan group 
(excluding those who died) discontinued study treat-
ment because of adverse effects (9.7% vs 14.7%, p < 
0.001), including cough (0.3% vs 2.7%). Losartan was 
not superior to captopril in improving survival in 
elderly HF patients (Pitt et al. 2000).

 ■ Losartan can replace ACE inhibitor use, particularly 
because they cause angioedema and much cough.

Candesartan
Dosage: 8 mg test dose; if hypotension is not a problem 
increase to 16 mg to maximum 24 mg daily; if hyper-
tension is present the dose can be increased to 32 mg/
day. CHARM (Candesartan in Heart Failure assessment 
of Mortality and Morbidity)-Overall program (2003) com-
pared candesartan with placebo.
 Total mortality was not reduced; 886 (23%) patients  
in the candesartan and 945 (25%) in the placebo group died.
 CHARM-Alternative trial (2003) enrolled 2,028 pati-
ents with symptomatic HF and EF approximately 40% or 
less who were not receiving ACE inhibitors because of  
previous intolerance. Note: in the Digoxin RCT the EF was 
approximately 28%; a huge difference, much sicker patients.
 Patients were randomly assigned candesartan (tar-
get dose 32 mg once daily) or matching placebo. There 
was no reduction in total mortality. Yet, these drugs are 
overused.

Telmisartan
Telmisartan was not effective in RCTs: TRANSCEND  
(Telmisartan Randomized Assessment Study in ACE-
intolerant Subjects with Cardiovascular Disease) (2008) 
investigators studied the effects of telmisartan on  
cardiovascular events in high-risk patients intolerant 
to ACE inhibitors. Telmisartan therapy for 56 months, 
although shown in ONTARGET (Ongoing Telmisartan 
Alone and in Combination with Ramipril Global Endpoint 
Trial) to be equivalent to ramipril, surprisingly:

 ■ Failed to decrease total mortality and had no signifi-
cant effect on the primary outcome and hospitaliza-
tions for HF. Thus, telmisartan use should be avoided. 

 ■ In the large well-run PRoFESS (The Prevention Regi-
men for Effectively Avoiding Second Strokes) RCT,  
telmisartan failed to decrease recurrent stroke (Yusuf 
et al. for the PRoFESS Study Group 2008). The efficacy 
of the ARB telmisartan raises some concern because  
of poor efficacy in two large RCTs. Olmesartan is not 
advisable.
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Valsartan
In Val-HeFT (The Valsartan Heart Failure Trial) (Cohn and 
Tognoni 2001) mainly HF classes II and III were randomly 
assigned to receive 160 mg of valsartan or placebo twice 
daily. There was no reduction in all-cause mortality. “An 
unexpected finding emerged, however, from a post hoc 
analysis of the data on concomitant therapy. Within the 
30% of the population that was being treated with both an 
ACE inhibitor and a beta-blocker at base line, there was 
a significant adverse effect of valsartan on mortality and 
a nearly significant adverse effect on morbidity. Clarifica-
tion of whether this finding represents a true interaction 
or is attributable to chance must await the outcome of 
ongoing trials; evaluating the combination of an ARB with an  
ACE inhibitor and a beta-blocker” (Cohn and Tognoni 2001).
 The results for ARBs are probably equal to that 
observed for digoxin, yet digoxin is rarely prescribed for 
HF. The two agents are complimentary. Cancer and ARBs 
appear to be associated with a modestly increased risk 
for cancer, according to a meta-analysis published in the  
Lancet Oncology (Sipahi et al. 2010). Researchers, exam-
ining data from five randomized trials comprising nearly 
62,000 patients, found that those taking ARBs (85% were 
using telmisartan) had a significantly greater risk for new 
cancer than did controls (7.2% vs 6%).

 ■ Should we be concerned about all ARBs or a single 
drug, telmisartan? (Nissen 2010) It appears that olm-
esartan presented problems. Thus caution is needed. 
Azilsartan is too new to recommend.

 ■ Angiotensin-converting-enzyme inhibitors and ARBs 
are contraindicated in pregnancy.

Digoxin
This old well-tried drug is necessary in conjunction with 
a beta-blocker and diuretic in patients with class II–IV 
HF and for most individuals who have had an episode of 
failure. The drug has been shown to significantly decrease 
recurrence and rehospitalization particularly if used along 
with a beta-blocker diuretic and ACE inhibitor. HF has 
reached epidemic proportions and there is much talk and 
writings regarding failures to prevent recurrent failure by 
experts who do not prescribe digoxin.

Indications
Following are the indications for digoxin:

 ■ Atrial fibrillation causing HF: Particularly if the ven-
tricular response is 100–140 beats/min, if HF is caused 

by AF in patients with LV dysfunction and EF is less 
than 40%, or if HF in recent past. In this setting, a com-
bination of beta-blocker (carvedilol or bisoprolol) and 
digoxin is advisable.

 ■ Heart failure related to poor LV contractility, systolic 
HF. If a third heart sound gallop (S3) is heard and 
EF less than 40%, digoxin is advisable and is proven 
 effective.

 ■ Heart failure persisting or a recurrence due to a  
failure of diuretics and vasodilator therapy.

 ■ Heart failure accompanied by hypotension: Systolic 
BP approximately 115 mm Hg or less, often limits the 
use of vasodilators. The administration of ACE inhibi-
tors, ARBs and beta-blocker (especially carvedilol) can 
cause presyncope or falls resulting in injuries, particu-
larly in the elderly.

Digoxin has a role in the following category of patients: 
 ■ Digoxin is indicated for all patients with impaired  

systolic function and New York Heart Association 
(NYHA) class III and IV HF because these patients 
are at high risk for recurrent HF and rehospitaliza-
tion (Khan 2015; Gheorghiade et al. 2006; Ahmed et al. 
2006; DIG study 1997; Arnold et al. 1980).

 In RADIANCE (Randomized Assessment of Digoxin 
and Inhibitors of Angiotensin-Converting Enzyme) with-
drawal of digoxin from patients with chronic HF treated 
with ACE inhibitors resulted in recurrence of HF (Packer 
et al. 1993).
 Dosage: 0.5 mg immediately (maximum 0.75 mg in 
younger patients with normal renal function), then 0.25 mg 
daily, 0.125 mg for more than 70 year old if the serum creati-
nine or estimated glomerular filtration rate (eGFR) is nor-
mal. This low dosage may not be effective for a few weeks. 
The drug is taken preferably at bedtime, so that when the 
digoxin level is assessed in a few months, it reflects a more 
accurate level than if dosed during the morning. Patients 
with a mildly elevated creatinine level of 1.3–1.4 mg/dL 
(115–120 μmol/L) and most patients older than 75 years 
should receive a maintenance dose of 0.125–0.0625 mg 
daily. After age 75 some may only need 0.0625 mg/day. 
 Caution: Avoid the drug if renal dysfunction is  
significant, eGFR is less than 50 mL/min.
 Before writing an order for digoxin, review the indi-
cations and reassess renal function and conditions that 
increase sensitivity. 
 Conditions in which there is an increased sensitivity  
to digoxin and conservative dosing is recommended are  
as follows:
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 ■ Elderly patients (age > 75 year) 
 ■ Renal dysfunction, creatinine greater than 1.2 mg/dL 

(>106 μmol/L)
 ■ Estimated GFR less than 50 mL/h
 ■ Patients with low skeletal mass 
 ■ Hypokalemia or hyperkalemia 
 ■ Hypoxemia, acidosis
 ■ Acute MI 
 ■ Hypomagnesemia or hypercalcemia
 ■ Myocarditis 
 ■ Hypothyroidism 
 ■ Amyloidosis.

Analysis of the Digoxin Study
The results of the DIG (Digitalis Investigation Group)  
study (1997) provided some answers to 200 years of 
controversy regarding the use of digitalis. Digoxin was 
assigned to 3,397 patients and 3,403 received diuretics and 
an ACE inhibitor. The mean EF was 28 ± 9%. Thus, these 
patients had more severe HF than those in all ARB RCTs. In 
CHARM ARB RCT, EF was approximately 40%.
 At an average follow-up of 37 months, fewer patients 
in the digoxin group were hospitalized for worsening HF; 
26.8% versus 34.7% in the placebo group (p < 0.001; see 
Table 8.1). We do wish to reduce rehospitalization.

 ■ Most important, the risk associated with the com-
bined outcome of death related to HF or hospitaliza-
tion related to HF was significantly lower in the digoxin 
group (1,041 vs 1,291 patients, p < 0.01), but this result 
is considered nonsignificant because it is an additive 
result. But additive results are used for most other 
agents claimed effective including ACE inhibitors and 
ARBs.

 ■ Digoxin results are better than observed for ACE or ARBs: 
ARBs in CHARM (2003) and Val-HeFT (2001) showed 
no meaningful decrease in mortality; a significant effect 
materializes because of addition of significant rehospi-
talization and negative mortality effect.

   Digoxin is highly recommended in patients with class 
II, III and IV HF, with EF less than 40%, also in those 
with increased LV volume and cardiothoracic ratio 
greater than 0.55. This is advisable particularly if the 
systolic blood pressure is less than 115 mm Hg caused 
by ACE inhibitors and beta-blockers. Digoxin does not 
cause a decrease in BP, a welcome asset for clinicians 
who use logic in choosing medications.

 ■ Digoxin levels must remain in the range 0.5–0.9 ng/mL 
(0.6–1 nmol/L). Patients maintained within this range 

show maximum benefit. These levels must not be 
exceeded, particularly in females. Levels more than  
1.1 ng/mL increase risk and may increase mortality.

 Ahmed et al. (2006) did a comprehensive post hoc 
analysis of the randomized controlled DIG trial (n = 7,788) 
and focused on 5,548 patients: 1,687 with digoxin levels 
drawn randomly at 1 month and 3,861 placebo patients 
alive at 1 month.

Table 8.1: Beta-blockers are the only drugs that prevent 
sudden cardia death. (Only 4 beta-blockers of the 12 avail-
able definitely prevent sudden cardiac death: They all gain 
high brain concentration).

Control Drug % Decrease

Total sudden death*

Propranolol 78 60 23

5 am–11 am 31 11 64

Total deaths 188/1460 138/1456 26

Timolol**

Total sudden death^ 95 47 50

Instant, within seconds 38 11 71

Total deaths 117/718 67/670 42

Metoprolol#

Total sudden death 21 9 57

Total deaths 31/147 25/154 19##

MERIT-HF†

Total sudden death 132 79 40.2

Total deaths 217/2001 145/1990 33.2

Bisoprolol ***

Total sudden death 83 48 42.2

Total deaths 228/1320 156/1327 31.6

*BHAT study, AM sudden death (Peters et al. 1989 ) follow-up 25 
months, 120–240 mg daily.
**Timolol Norwegian MI study; mean duration 17 months. 
 Follow-up: 10 mg twice daily.
#Metoprolol: A very small study of only ~150 patients in each 
group followed for 3 years.
##“This reduction in cardiac mortality did not reach statistical sig-
nificance, as was to be expected from our sample size” (Olsson et 
al. 1985).
†In (MERIT-HF) There were fewer sudden deaths in the meto-
prolol CR/XL group than in the placebo group (79 vs 132, 0.59 
[0.45–0.78]; p = 0.0002) and deaths from worsening heart failure 
(30 vs 58, 0.51 [0.33–0.79]; p = 0.0023).
***Bisoprolol in CIBIS (1999); significant decrease in deaths and 
sudden death.
Carvedilol did not prevent sudden death in two large RCTs; 
 total mortality in RCT was not significantly reduced in post MI  
patients.
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 Findings: Digoxin at 0.5–0.9 ng/mL reduced mor-
tality and hospitalizations in all HF patients, including 
those with heart failure with preserved ejection fraction 
(HFPEF). Yet the drug is rarely administered.

Causes of Digoxin Toxicity
Increased digoxin levels may occur when digoxin is com-
bined with quinidine, verapamil, diltiazem, nicardipine, 
felodipine, amiodarone, or propafenone. If spironolac-
tone is used concomitantly, digoxin levels may be falsely 
elevated. Levels of digoxin may be lowered with concomi-
tant use of antacids, metoclopramide, cholestyramine, 
metamucil, phenytoin and salicylazosulfapyridine.

 ■ Digoxin toxicity is unusual if a careful physician 
assesses the serum creatinine level, digoxin level and 
relates this to the maintenance dose. 

 ■ Lean skeletal muscle mass is important, especially in 
the elderly, because digoxin binds to skeletal muscle. 
In an individual with lean skeletal muscle mass, more 
digoxin is available for myocardial binding. There is an 
increased incidence of toxicity in elderly patients with 
lean skeletal muscle mass. Also, in the elderly, mild 
renal dysfunction is a common scenario. Because the 
lean skeletal muscle mass decreases the level of serum 
creatinine, the level of serum creatinine cannot be 
used independently to gauge the maintenance dose of 
digoxin. In elderly patients without AF, it is advisable to 
test the digoxin level and the serum potassium level at 
least twice yearly. Levels of 1–2 ng/mL (1–2.3 nmol/L) 
are desirable and clinically effective.

Clinical Evidence of Digoxin Toxicity
Clinical evidence of toxicity includes nausea, anorexia, 
vomiting, diarrhea, abdominal pain, and weight loss, 
visual hallucinations, blurring of vision, insomnia, and, 
rarely, mental confusion; cardiac arrhythmias, in particular 
first-degree, second-degree, and third-degree atrioven-
tricular block, sinus pauses, paroxysmal atrial tachycar-
dia with block, multifocal ventricular premature beats, 
ventricular tachycardia, and ventricular fibrillation. Also, 
deterioration of HF may be caused by digoxin toxicity. 
Digoxin levels of more than 3 ng/mL (>3.9 nmol/L) should 
be avoided because this level virtually always causes 
clinically serious toxicity. Levels of less than 1.5 ng/mL  
(<2 nmol/L), if drawn at an appropriate time when steady 
state is achieved, in particular if digoxin is given as a bedtime 

dose, are rarely associated with toxicity except in patients 
with sensitivity as outlined earlier.

Management of Digoxin Toxicity
Management of digoxin toxicity is done as follows:

 ■ Discontinue digoxin
 ■ Clarify conditions that increase sensitivity to digoxin, 

and ensure that renal dysfunction is not present. Give 
potassium if hypokalemia is present. Tachyarrhythmia, 
in particular multifocal ventricular premature beats or 
ventricular tachycardia, should be treated with lido-
caine. The level of serum potassium must be corrected 
if hypokalemia is present. Lidocaine should be given 
only after correction of hypokalemia.

 ■ If digoxin toxicity is present clinically and there is 
ECG evidence of severe toxicity (e.g. second-degree or 
third-degree atrioventricular block or ventricular tach-
ycardia), digoxin immune Fab (Digibind) should be 
administered. Dosage is 4–6 vials (160–240 mg) intra-
venously over 30 minutes; this is adequate to reverse 
most cases of toxicity during long-term therapy. The 
dose can be given as an intravenous bolus if cardiac 
arrest is imminent.

 ■ Hypokalemia should be anticipated and corrected 
after the administration of Digibind.

Beta-blocker
A beta-blocking drug is strongly recommended for  
patients with NYHA class II or III CHF and for compen-
sated NYHA class IV patients.

Carvedilol
Carvedilol has proved effective in the COPERNICUS heart 
failure trial. A study of 2,289 patients with severe HF and 
EF 16–24% (very sick patients) but free from overt fluid 
retention or recent treatment with intravenous diuretics  
or positive inotropic drugs, and it showed a highly signi-
ficant 35% reduction in all-cause mortality with carvedilol.
 There were 190 placebo deaths and 130 deaths with 
carvedilol, a 35% decrease in the risk of death (p = 0.0014). 
The dose of carvedilol was 6.25 mg with slow increase to  
25 mg twice daily. ACE inhibitor, digoxin and spironolactone 
were used in 97%, 66%, and 20% of patients, respectively.
 In the CIBIS-II (Cardiac Insufficiency Bisoprolol Study 
II) (1999), bisoprolol resulted in a significant decrease in 
mortality in patients with NYHA class III HF and EF less 
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than 35%. CIBIS II involved 2,647 patients aged 18–80 
years with class III or IV HF. Study patients received ACE 
inhibitor and diuretic (digitalis was allowed) for at least  
2 months prior to bisoprolol or placebo. Bisoprolol, initial 
dose 1.25 mg daily, was titrated at weekly intervals in 1.25 
mg increments for 4 weeks and then up to a maximum of  
10 mg daily. Bisoprolol therapy reduced all-cause  
mortality by 32% (p = 0.00005) and sudden death by 45% 
(p = 0.001). A 30% reduction in hospitalization occurred 
in the bisoprolol-treated group. Treatment withdrawals in 
the bisoprolol- and placebo-treated patients were similar 
(~15%).
 Dosage: 1.25 mg test dose; then once daily; increase in 
2–3 weeks to 3.75 mg; at 5–6 weeks if tolerated 5 mg main-
tenance dose. At more than 12 weeks, if needed, maximum 
dose 10 mg provided that the BP is greater than 110 mm Hg 
systolic and heart rate more than 50 beats/min.

Metoprolol Succinate 
Metoprolol succinate (controlled release), 12.5 mg once 
daily titrated slowly over 4–8 weeks to a target dose of  
100–200 mg, has proved effective in clinical trials. The 
MERIT-HF (Metoprolol Extended-Release Randomized 
Intervention Trial in Heart Failure) trial involving patients 
with class II and III HF, mean EF 28%, resulted in risk 
reduction of 33% for total mortality or worsening HF 
(MERIT-HF 2000). This agent was used in combination 
with diuretics, digoxin and ACE inhibitors. Metoprolol  
tartrate is not advisable.

Nebivolol
In the SENIORS (Study of Effects of Nebivolol Interven-
tion on Outcomes and Rehospitalization in Seniors With 
Heart Failure) study (van Veldhuisen et al. 2009; Flather  
et al. 2005) of 2,111 patients, 1,359 (64%) had impaired 
(35%) EF (mean 28.7%) and 752 (36%) had preserved 
(>35%) EF (mean 49.2%). Nebivolol proved effective.  
During follow-up of 21 months the primary end point 
occurred in 465 patients (34.2%) with impaired EF and 
in 235 patients (31.2%) with preserved EF. The effect of 
nebivolol on the primary end point [hazard ratio (HR) of 
nebivolol vs placebo] was 0.86 (95% confidence interval = 
0.72–1.04) in patients with impaired EF and preserved EF 
(p = 0.720 for subgroup interaction). Effects on all secondary 
end points were similar between groups.
 Conclusions: The effect of beta-blockade with nebivo-
lol in elderly patients with HF in this study was similar in 

those with preserved and impaired EF (van Veldhuisen  
et al. 2009). Nebivolol is a novel beta-blocker with several 
important pharmacologic properties that distinguish it 
from traditional beta-blockers (Gray and Ndefo 2008).
 Nebivolol reduces P-wave dispersion on the electro-
cardiogram, which would attenuate the risk of AF (Tuncer 
et al. 2008). For mild-to-moderate HF, mainly in patients 
70 years and older: initially 1.25 mg once daily, then if  
tolerated increased at intervals of 1–2 weeks to 2.5 mg  
once daily, then to 5 mg once daily, and then to maximum 
10 mg once daily.
 Cautions: Reduce dose in renal impairment, in the 
elderly and in hepatic dysfunction. Avoid if serum cre-
atinine is greater than 250 μmol/L. Nebivolol is a novel 
 beta-blocker with several important pharmacologic prop-
erties that distinguish it from traditional beta-blockers 
(Gray and Ndefo 2008).

Spironolactone

Spironolactone (Aldactone), 25 mg, is recommended for 
patients with NYHA class III or IV CHF. In the RALES trial 
[(randomized aldactone evaluation study), (1999)] the 
drug caused a 30% reduction in the risk of death and hos-
pitalization when used with a loop diuretic, digoxin and an 
ACE inhibitor. There were 386 deaths in the placebo group 
(46%) and 284 deaths in the spironolactone group (35%) 
(p < 0.001).
 In the placebo group 336 patients and 260 patients in 
the spironolactone group were hospitalized at least once 
for cardiac reasons. In total, there were 753 hospitaliza-
tions for cardiac causes in the placebo group and 515 in 
the spironolactone group, representing a 30% reduction 
in the risk of hospitalization for cardiac causes among 
patients in the spironolactone group (relative risk = 0.70; 
95% confidence interval = 0.59–0.82; p < 0.001).
 Hyperkalemia may occur particularly when the drug 
is combined with an ACE inhibitor in patients with type 
2 diabetes or renal dysfunction [creatinine > 1.5 mg/dL 
(>133 µmol/L)].
 Eplerenone (Inspra), an analogue of spironolactone 
that does not cause gynecomastia, is strongly recom-
mended at a dose of 25 mg titrated to 50 mg. If the drug is 
not available or cost is a concern, use spironolactone and 
warn the patient to report breast tenderness.

 ■ Amiloride can replace spironolactone as it is as effec-
tive and does not cause a breast problem.
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Refractory Heart Failure
Patients with HF refractory to the aforementioned meas-
ures should be assessed as follows:

 ■ Salt intake may be higher than the patient relates; 
NSAIDs and other agents that cause sodium and water 
retention and that interact with furosemide and ACE 
inhibitors should be curtailed.

 ■ Torsemide is superior to furosemide in these patients. 
Use of this diuretic can result in a decrease in hospi-
talization for CHF of 50%. Torsemide is completely 
absorbed and has high reliability and predictability 
compared with furosemide. Food markedly reduces 
absorption of furosemide, and not many physicians, 
including cardiologists, recognize that this widely used 
drug must be taken on an empty stomach. Torsemide 
dosage is 2.5–20 mg orally once daily or 50 mg intrave-
nously.

 ■ If the furosemide dose has been divided to 40 mg twice 
daily, this should be given as one dose of 80 mg in the 
morning, at least 1 hour before breakfast or a 200 mg 
dose is given as 120 mg in the morning and 80 mg at 
2 pm until the patient is stable enough to reduce the 
dose. The furosemide must be increased considerably  
if the serum creatinine level is greater than 2.3 mg/dL 
(>203 µmol/L). Thiazide diuretics are not used in 
patients with renal dysfunction because they are inef-
fective if the glomerular filtration rate is low.

 ■ Metolazone is a unique thiazide that can be used in 
combination with furosemide in patients with refrac-
tory HF.

 ◆ Dosage is 2.5–5 mg daily, which is effective; other 
thiazides are not effective when the glomerular 
filtration rate is less than 30 mL/min. A combina-
tion of metolazone furosemide and spironolactone 
is useful in patients with refractory HF who fail to 
respond to doses of furosemide of more than 120 
mg daily. The addition of an ACE inhibitor or aldos-
terone antagonist prevents potassium loss.

Combination Therapy is Necessary
There is no first-line therapy in the management of severe 
HF, and combination therapy with a diuretic, ACE inhibitor, 
and beta-blocker is necessary. Digoxin has been shown 
to prevent hospitalization and to enhance the action of 
spironolactone and ACE inhibitors, and it is valuable in 
patients with NYHA class III or IV CHF.

 ■ Spironolactone, amiloride or eplerenone use is a major 
breakthrough in patients with refractory CHF.

 ■ Hydralazine: In A-HeFT (African-American Heart 
Failure Trial) (Taylor et al. 2004), the combination 
of hydralazine and isosorbide dinitrate significantly 
reduced mortality and hospitalizations in patients of 
African origin.

Other precautions are as follows:
 ■ Angiotensin-converting-enzyme inhibitors cause angio -

edema and deaths have been reported; ARBs are as effec-
tive and advisable; choose losartan 25–50 or 50–100 mg/
day.

 ◆ Losartan is a good choice as proven in ELITE 11.
 ■ Weight reduction and graduated exercise are necessary 

in patients with HF. The patient must be motivated to 
lose weight; this usually occurs if the patient is warned 
that he or she would require less medication if at least 
10–20 lbs were lost. Mild exercise must be encouraged 
for approximately 2 months and if stable, increase to 
moderate exercise.

 ■ Alcohol intake should be discontinued or allowed only 
a few times a year. Patients with dilated cardiomy-
opathy should discontinue use of alcohol completely.

 ■ Calcium antagonists should not be used in patients 
with HF or in patients with an EF less than 40%.

Heart Failure Preserved Ejection Fraction 
 ■ A normal or preserved EF more than 50% is found in 

approximately 40% of patients with HF.
 ■ The pathophysiology of HFPEF remains unclear, thus 

appropriate treatment is hampered. Kindermann et al. 
(2008) stated that although the term diastolic HF has 
been abandoned, diastolic LV dysfunction together 
with combined systolic ventricular and arterial stiffening 
are considered to be the main pathophysiologic mech-
anisms in HFPEF.

 ■ Pathophysiologic characteristics include excessive 
fibrosis (Martos et al. 2007) and myocyte hypertrophy, 
leading to abnormal LV relaxation filling and diastolic 
distensibility, diastolic stiffness, or a combination of 
these. 

 ■ The term diastolic HF is not accepted by all, because 
not all patients reveal genuine diastolic dysfunction 
on echocardiographic studies; there are well-recog-
nized difficulties in adequately assessing LV diastolic  
dysfunction.

 ■ The term HFPEF or HF with normal EF (HFNEF) is 
preferred. HF in the presence of EF more than 50%, in 
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the absence of valvular heart disease, congenital heart  
disease, constrictive pericarditis, and noncardiac  
disease is considered (HFNEF).

 ■ Irbesartan used in an RCT did not improve the out-
comes of patients with HFPEF (Massie et al. 2008).

Beta-blocker
A beta-blocking drug is strongly recommended for  
patients with NYHA class II or III CHF and for compen-
sated NYHA.
1. Hypokalemia should be anticipated and corrected 

after the administration of Digibind.
 But it is necessary to use an appropriate beta-blocker 
that can significantly prevent deaths and particularly sud-
den deaths that no other drug cardo (see Table 8.1, "http://
www.heartfailure.onlinejacc.org/content/5/2", 5(2), Feb-
ruary 2017).
 Beta-blocker: Based on the results of the SENIORS 
study (van Veldhuisen et al. 2009; Flather et al. 2005), 
nebivolol is recommended.

 ■ Treat the underlying cause of the heart disease.
 ■ Atrial fibrillation should be managed with a combina-

tion of digoxin and a small dose beta-blocker (nebivolol 
or bisoprolol) to maintain a ventricular response of 
55–70 at rest.

 Conclusions: As in patients with systolic HF, digoxin 
was equally effective in those with diastolic HF (Meyer  
et al. 2008).

 ■ Spironolactone in an RCT of 4,000 patients (TOPCAT 
2014 CDT) showed no significant benefit.

 ■ Isosorbide dinitrate showed no benefit in a recent 
RCT (Redfield et al. 2015). Beta-blockers are useful in 
patients with HFPEF; their moderate salutary effects 
are now known and important because other heart 
failure agents are not effective.

CARDIAC RESYNCHRONIZATION  
THERAPY
Heart failure mortality and morbidity is without doubt 
made worse by cardiac dyssynchrony. Such patients com-
monly have regions of delayed myocardial activation and 
contraction, leading to cardiac dyssynchrony which is cur-
rently measured by a QRS greater than 120 ms. For patients 
who have left ventricular ejection fraction (LVEF) less than 
or equal to 35%, a QRS duration greater than or equal 
to 0.12 s, and sinus rhythm, cardiac resynchronization  

therapy (CRT) with or without an implantable cardioverter 
defibrillator (ICD) is indicated for the treatment of NYHA 
functional class III or ambulatory class IV HF symptoms 
on optimal recommended medical therapy. Data, from 
RCTs of CRT in more than 4,000 patients (class III and 
IV HF, EF < 30%), for this technique show consistently 
enhanced quality of life, functional status, exercise capacity, 
and ventricular structure and function, and reductions in 
morbidity and mortality (Krum and Abraham 2009).

 ■ Guidelines recommend that patients with HF and EF 
persistently less than 35% despite an adequate trial of 
pharmacological therapy, who are expected to survive 
with a reasonable quality of life for more than or equal 
to 1 year should receive an ICD, and if QRS duration 
(QRSD) is prolonged, this should often be CRT-D. 
Guidelines caution against implanting devices into 
patients with recently decompensated HF (Cleland 
and Mareev 2015). ICDs are ineffective and inappro-
priate for most patients with advanced disease.

   An “upgrade” to endocardial LV pacing might be 
much more complex than an upgrade from a conven-
tional device to a CRT. Recent studies must motivate 
us to put all our efforts into placing the LV lead in the 
target region (Meine et al. 2016).

 ■ Patients with left bundle branch block (LBBB) or intra-
ventricular conduction delay (IVCD) with very wide 
QRSD had clinical outcomes which were comparable 
with the reference group (LBBB with 150–179 ms). But 
patients with right bundle branch block (RBBB) with 
very wide QRSD had worse clinical outcomes (HR for 1 
year mortality = 1.80, p < 0.001), and, in fact, worse than 
patients with RBBB and QRSD of 120–149 ms. In a large 
registry study, outcomes for patients with very wide 
QRSD depended on underlying bundle branch block 
(BBB) morphology. Patients with LBBB and IVCD with 
very wide QRSD continued to benefit from CRT. How-
ever, CRT was detrimental in patients with right BBB 
and very wide QRSD greater than 150 ms. Guidelines 
caution against implanting devices into patients with 
recently decompensated HF but make no specific  
recommendation to avoid patients with renal dysfunc-
tion. Recent studies motivate us to put all our efforts 
into placing the LV lead in the target region. 
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CHAPTER

CLASSIFICATION
 ■ Infective endocarditis that involves left-sided native 

valves (mitral and aortic) affected by rheumatic, and 
degenerative disease or congenital origin. 

 ■ Prosthetic valve endocarditis. 
 ■ Endocarditis in intravenous (IV) drug users: the tricus-

pid valve is infected in more than 50% of cases, and the 
aortic in about 25%. More than 75% of patients have 
no known pre-existing valve lesions. The predominant 
organism is Staphylococcus aureus, but Pseudomonas 
and fungi cause severe valve infections. Human 
immunodeficiency virus (HIV)-positive patients may  
present with unusual organisms Bartonella, Salmonella 
and Listeria.

 ■ Nosocomial endocarditis is most often caused by 
Staphylococcus and Enterococci infections that are 
associated with indwelling catheters and medical  
surgical procedures including hemodialysis and bone 
marrow transplant.

 ■ Culture negative endocarditis exhibits the usual bac-
terial organisms but they are masked by previous 
antibiotic therapy. Slow-growing penicillin-sensitive 
organisms with fastidious nutritional tastes may not be 
detected because special culture medium is required 
for their growth, isolation, and detection; also, Brucella, 
Chlamydia and Coxiella may not be readily detected.

CAUSES
Bacterial endocarditis is caused most often by infection 
with:

 ■ Staphylococcus aureus (approximately 40%), most 
often associated with health care contact and invasive 
procedures, have overtaken Streptococci as the most 
common cause of the disease.

 ■ Streptococcus viridans (VGS approximately 40%) and sev-
eral other Streptococcus (Baddour et al. for AHA 2015). 

 ■ Staphylococcus aureus approximately 40% with Ente-
rococcal species approximately 10–15% and other 
organisms include Streptococcus mitis, S. bovis, S. 
anginosus, Hemophilus influenzae, Pseudomonas  
aeruginosa, P. cepacia and Serratia marcescens.

 ■ The condition must be considered and carefully 
excluded in all patients with a murmur and fever of 
undetermined origin that persists for more than a few 
days.

 ■ Infective endocarditis is a severe disease, with an  
in-hospital mortality rate of about 20% (Selton-Suty  
et al. 2012). Infective endocarditis can also present with 
a complication, particularly stroke or systemic embolism.

 ■ 5–10% of patients will have additional episodes of 
endocarditis (Alagna et al. 2014).

 Diagnostic and therapeutic strategies have emerged 
over the past 2 decades but, 1-year mortality has not 
improved and remains at 30%, which is worse than for 
many cancers. In developing countries, patients are usu-
ally young adults and infection is caused predominantly 
by community-acquired, penicillin-sensitive Streptococci 
entering via the oral cavity (Cahill and Prendergast 
2016). Thus, antibiotic prophylaxis remains necessary 
in these countries.

DIAGNOSIS
Most patients have a fever and a cardiac murmur (approxi-
mately 90%), splinter hemorrhages, petechiae, commonly 
occur; splenomegaly finger clubbing, Osler’s nodes are 
now rare because of earlier diagnosis but should be  
sought. Heart failure, stroke, metastatic infection or  
systemic embolizations are major concerns.

 ■ Three or four separate sets of blood cultures taken 
from a separate vein puncture site with the first and 
last samples drawn at least 1 hour apart (AHA 2015)

 ■ Echocardiographic analysis is crucial. In Figures 9.1A 
and B, transthoracic echocardiogram (TTE) shows 
vegetation on the mitral valve. 
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 ■ Transesophageal echocardiography (TEE) is superior 
to transthoracic assessment in the search for infected 
vegetation located on heart valves (Figs. 9.2A and B).

 ■ TEE should be done if initial TTE images are negative 
or inadequate in patients for whom there is an ongoing 
suspicion for infective endocarditis or when there is 
concern for intracardiac complications in patients with 
an initial positive TEE (Baddour et al. for AHA 2015).

 ■ If there is a high suspicion of infective endocarditis 
despite an initial negative TEE, then a repeat TEE is 
recommended in 3–5 days or sooner, if clinical find-
ings change.

TREATMENT
 ■ Intravenous antibiotics are commenced soon after 

sufficient blood cultures are obtained; usually a com-
bination of nafcillin (oxacillin or flucloxacillin), ampi-
cillin, and gentamicin is administered. When the 
organism and antibiotic sensitivities are established, 
antibiotic choice is altered.

Native Valve Endocarditis
Highly penicillin-susceptible VGS and S. gallolyticus 
(bovis) [Minimum inhibitory concentration (MIC) ≤ 0.12 
µg/mL] bacteriological cure rates greater than or equal 
to 98% may be anticipated in patients who complete 4 
weeks of therapy with parenteral penicillin or ceftriax-

one for infective endocarditis caused by highly penicillin- 
susceptible VGS or S. gallolyticus (bovis). Ampicillin is a 
reasonable alternative to penicillin and has been used 
when penicillin is not available because of supply defi-
ciencies (Baddour et al. for AHA 2015).
 The addition of gentamicin sulfate to penicillin exerts a 
synergistic killing effect in vitro on VGS and S. gallolyticus 
(bovis).

Recommendations
 ■ Both aqueous crystalline penicillin G and ceftriaxone 

are reasonable options for 4-week treatment duration. 
A 2-week treatment regimen that includes gentamicin 
is reasonable in patients with uncomplicated infective 
endocarditis, rapid response to therapy, and no under-
lying renal disease (Baddour et al. for AHA 2015).

 ■ Vancomycin for 4-week treatment duration is a reason-
able alternative in patients who cannot tolerate peni-
cillin or ceftriaxone therapy (Baddour et al. for AHA 
2015). The desired trough vancomycin level should 
range between 10 µg/mL and 15 µg/mL. 

 ■ S. viridans or S. bovis: If the MIC to penicillin is less than 
0.1 mg/mL, penicillin (IV 2–3 million unit dose every 4 
hours for 4 weeks) or IV (for 2 weeks), then amoxicillin  
(orally 500 mg every 6-hour for 2 weeks) or ampicillin 
or sulbactam (2 g every 6-hour for 2 weeks IV) and then 
amoxicillin (orally 500 mg every 6-hour for 2 weeks) or 
penicillin and gentamicin IV for 2 weeks or ceftriaxone 

Figs. 9.1A and B: (A) Large vegetation (arrow) seen on the mitral valve in the transthoracic parasternal long axis view; (B) Same vege
tation (arrow) seen on the Mmode. (AO: Aorta; LA: Left atrium; LV: Left ventricle; MV: Mitral valve, RV: Right ventricle).
Source: Nanda NC. Comprehensive textbook of echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 
2014. p. 1050, Figures 47.12A and B (Movie clip 47.12A). 
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2 g once daily IV for 2 weeks. Then, IV or intramuscular 
(IM) therapy once daily given as an outpatient or in the 
home is cost saving; but IM ceftriaxone is painful.

 ■ Partially sensitive S. viridans or S. bovis: If MIC penicillin 
greater than 0.1 mg/mL: penicillin (3 million unit dose 
every 4-hour IV) plus gentamicin (1–1.5 mg/kg every 8 
hours IV for 2–4 weeks) or, from the 3rd week, amoxicillin 
(500 mg orally every 6-hour for 2 weeks).

 ■ Monotherapy with either penicillin or ceftriaxone for 
4 weeks avoids the use of gentamicin, which is poten-
tially ototoxic and nephrotoxic. Compared with peni-
cillin, the advantage of once-daily ceftriaxone is its 
simplicity for use in therapy administered to outpa-
tients (Baddour et al. for AHA 2015).

 ■ S. fecalis, S. fecium, S. durans, or similar fecal Strep-
tococci are difficult to eradicate: If the length of the  
illness is less than 3 months, it is advisable to give 
ampicillin or sulbactam (IV 2–3 g every 6-hour for 4 
weeks) plus gentamicin (1–1.5 mg/kg every 8-hour) 
and monitor the levels and adjustment for renal func-
tion. Gentamicin is given for 4 weeks.

 ■ S. aureus endocarditis: Methicillin-sensitive strains 
constitute the most cases of S. aureus endocarditis and 
these are treated with nafcillin or cloxacillin (at doses 
given above) or flucloxacillin (IV 2 g every 4-hour) 
plus optional addition of gentamicin (1 mg/kg every 
8-hour IV) for 4–7 days; the dose is to be monitored by 

levels. The dose is reduced in elderly patients and those 
with renal dysfunction, whereas the dosing interval is 
increased. Gentamicin is discontinued after 1-week, 
and nafcillin or flucloxacillin IV is continued for 5–6 
weeks. The length of the treatment is usually from 4 to 
6 weeks.

   Methicillin-resistant S. aureus is not uncommon. 
Figures 9.3A to I show a large mobile vegetation.

 ■ The addition of adjunctive aminoglycoside therapy 
not only is unnecessary for patients with uncom-
plicated right-sided native valve S. aureus infective 
endocarditis but may cause harm (Baddour et al. for 
AHA 2015).

Therapy for Endocarditis Involving a 
Prosthetic Valve or Other Prosthetic 
Material Caused by VGS and Streptococcus 
Gallolyticus (Bovis)

Recommendations

Aqueous crystalline penicillin G or ceftriaxone for 6 weeks 
with or without gentamicin for the first 2 weeks; gen-
tamicin can be extended to 6 weeks if the MIC is greater 
than 0.12 µg/mL for the infecting strain. Vancomycin can 
be useful in patients intolerant of penicillin, ceftriaxone, or 
gentamicin (Baddour et al. for AHA 2015).

Figs. 9.2A and B: (A) Arrow points to a large vegetation involving the aortic valve visualized by transesophageal echocardiography; 
(B) Coarse diastolic flutter is observed on the Mmode. This type of flutter is seen only with a flail aortic valve (from an infection as in 
this case or traumatic rupture) and hence is a highly specific finding. (AO: Aorta; LA: Left atrium; LV: Left ventricle; RV: Right ventricle).
Source: Nanda NC. Comprehensive textbook of echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 
2014. p. 1053, Figure 47.15A (Movie clip 47.15). 
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Figs. 9.3A to F1
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PREVENTION
 ■ Approximately, 25% of cases of endocarditis are 

believed to be of dental origin, and in about 75% of 
cases, the portal of entry cannot be identified. 

 ■ Poor oral hygiene is associated with bacteraemia after 
tooth brushing and has long been recognized as an 
easily modifiable risk factor.

Figs. 9.3A to I: Sequential transesophageal echocardiographic examination in a 52yearold male patient with methicillin resistant 
Staphylococcus aureus infection. (A) Day 1. Shows a large mobile vegetation involving the mitral valve. Appropriate antibiotic therapy 
was instituted; (B) Day 5. The vegetation was seen for the first time extending to involve the left atrial free wall; (C) Day 6. Intraoperative 
and prebypass study. Large vegetation on the mitral valve persists despite antibiotic therapy. When all views were considered it meas
ured to be larger than Day 1. However, mitral regurgitation by color Doppler flow mapping appeared trivial; (D) Day 6. Patient taken to 
surgery. As much as possible of the vegetation was shaved off from the mitral valve which appeared to be otherwise structurally intact 
with no significant destruction. Postbypass study showed a small residual vegetation but no significant mitral regurgitation; (E) Day 
13. Large vegetation recurred with echolucencies consistent with aneurysm/abscess formation; (F1 and F2) Day 15. Intraoperative and 
prebypass study. Rupture of aneurysm/abscess with significant mitral regurgitation by color Doppler; (G) Day 15. Mitral valve replaced 
by a bioprosthesis with no evidence of residual vegetation; (H) Day 20. Large vegetation seen on the mitral annulus with aneurysm/
abscess formation. The patient succumbed on the 16th postoperative day from multiorgan failure; (I) Schematic. (LA: Left atrium; LV: 
Left ventricle; RV: Right ventricle).
Sources:
1.  Nanda NC. Comprehensive textbook of echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 2014.
2. Reproduced with permission from Massey WM, Samdarshi TE, Nanda NC, et al. Serial documentation of changes in a mitral value 
vegetation progressing to abscess rupture and fistula formation by transesophageal echocardiography. Am Heart J. 1992;124(1):2418.

F2

H I

G



Practical Cardiology182

 ■ In about 33% of cases, infection occurs on valves not 
known to be abnormal, especially on bicuspid aortic 
valves and in patients with mitral valve prolapse.

 ■ Except for prosthetic valves in which a powerful anti-
biotic regime is administered, prophylaxis is aimed at 
Streptococci.

Antibiotic Prophylaxis
Diagnosis of infective endocarditis have increased and 
incidence of Streptococcal infective endocarditis has 
signi ficantly increased since the 2007–08 American Heart 
Association (AHA) guideline revision advise prophylaxis 
only for high-risk cases.
 The guidelines have been modified somewhat, how-
ever, during 2008 to pacify some clinicians. In select  
circumstances, the committee understands that some  
clinicians and some patients may still feel more comfortable 
continuing with prophylaxis for infective endocarditis, 
particularly for those with bicuspid aortic valve or coarc-
tation of the aorta, severe mitral valve prolapse, or hyper-
trophic obstructive cardiomyopathy.
 There is little doubt that infective endocarditis can and 
does occur in patients with valvular heart disease following 
dental procedures and for Asian and developing countries 
I advise the old prophylactic regimen.

 ■ Amoxicillin: Adults–2 g; children–50 mg/kg adminis-
tered orally 1-hour before the dental procedure. 

 ■ For patients allergic to penicillin: Clindamycin is  
recommended 600 mg orally for adults; children–20 
mg/kg IV within 30 minutes before procedure; 

 ■ Prophylactic regimens for genitourinary, gastrointesti-
nal procedures: For high-risk patients ampicillin, 2 g 
IM or IV, plus gentamicin 1.5 mg/kg not to exceed 120 
mg within 30 minutes of starting the procedure; 6 hour 
later ampicillin 1 g IM or IV, or amoxicillin 1 g orally. 
For high-risk patients and for patients allergic to peni-
cillin or amoxicillin, give vancomycin 1 g IV over 1–2 
hours; complete the infusion within 30 minutes of 
starting the procedure.

 A small but statistically significant increase in infective 
endocarditis cases in the United Kingdom (UK) since ces-
sation of antibiotic prophylaxis from 2008 was reported by 
Dayer et al. (2015). But a large scale clinical trial remains 
necessary to settle the debate which continues. 
 Antibiotic is given orally for dental work done under 
local anesthetic. It is given IV for patients with prosthetic 
valves, patients with highest risk of developing endocar-
ditis, or patients who are having a general anesthetic. All 
dental procedures that are likely to result in gingival bleed-
ing such as extractions, root canal, scaling and cleaning, 
surgery in the oral cavity, biopsies, and many surgical 
operations and tests such as cystoscopy require antibiotic 
coverage to prevent endocarditis.
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CHAPTER

INTRODUCTION
Note the maximum drug doses given in this chapter are 
less than that given in manufacture’s product monograph. 
A maximum dose approximately 75% of this maximum is 
advised in order to minimize adverse effects and encour-
ages the addition of a second agent at medium dosage. 
Monotherapy must be tried but with dose limitations. Do 
not use combination drugs without first trying each.

DRUGS FOR HEART FAILURE

Diuretics
Diuretic therapy remains a mainstay for the relief of  
distressing shortness of breath (SOB) and edema.
 Furosemide: This drug has proven most useful for more 
than 50 years and is the recommended loop diuretic. 
 Dosage: 40–80 mg immediately then 20–40 mg daily; 
if a second dose is needed it should be given before 3 pm 
to avoid nocturia. The drug is more effective when given 
on an empty stomach because food decreases absorption 
~ 30 %. Advise to take 1 hour or more before morning 
breakfast.
 “Aldosterone antagonists” (spironolactone, eplerenone, 
amiloride):

 ■ Enhance the action of loop diuretics and allow lower 
doses

 ■ Conserve potassium and prevent rise in uric acid 
caused by furosemide or thiazides 

 ■ These agents are a must in patients with recurrent 
or moderately severe heart failure (HF), who require 
more than 40 mg furosemide daily for more than 1 
week to be free of symptoms and signs.

 ■ Caution in those with renal failure in whom hyper-
kalemia may be precipitated (see Chapter 8, Heart  
Failure).

 Spironolactone: An aldosterone antagonist is strongly 
recommended if SOB and edema relief is not achieved 

within 4–5 days from the acute event of HF and if more 
than 40 mg of furosemide is needed to ameliorate SOB, 
edema or HF. 
 Dosage: 25 mg once or twice daily. Maximum 50 mg/
day, with monitoring serum potassium (K+). The drug 
may cause gynecomastia in men, and I often recommend  
amiloride instead.
 Amiloride: This aldosterone antagonist is recom-
mended for both men and women; it has the advantage 
of no gynecomastia and is a once daily drug whereas 
spironolactone should be given twice daily.
 Dosage: 5 mg daily. Assess serum potassium every 4 
months.
 Caution: Do not use aldosterone antagonists if kidney 
failure is present, or in combination with [angiotensin 
converting enzyme (ACE) inhibitors or angiotensin recep-
tor blockers (ARBs)] because hyperkalemia may occur. The 
serum creatinine must be in the normal range or mini-
mally reduced to allow their administration [estimated 
glomerular filtration rate (eGFR) >55 mL].
 Eplerenone: 25–50 mg daily [is more expensive].
 Thiazides: Thiazides are poorly effective but in some 
patients with mild HF who are nearly edema free and with-
out undue SOB hydrochlorothiazide small dose 12.5 mg 
daily is advisable in combination with amiloride 2.5–5 mg 
daily particularly if mild hypertension (systolic BP 145–170 
mm Hg) is an added problem.
 If renal failure is present (eGFR < 50 mL/min) change  
thiazide to furosemide; if SOB and signs of congestive 
heart failure (CHF) are present (eGFR < 50 mL/min) try 
metolazone.
 Metolazone: 2.5–5 mg once daily. Serum K+ may be 
lowered but with renal failure K+ is retained.

Angiotensin Converting Enzyme Inhibitors 
Caution: Angioedema
Not recommended in black patients because angi-
oedema although rare can be life-threatening; deaths have 
occurred. Caution may be needed in patients of Asian origin.
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 Lisinopril: Supplied—2.5 mg, 5 mg, 10 mg and 20 mg.
 Dosage: 2.5–5 mg once daily, increasing over weeks to 
10–20 mg daily, maximum 40 mg daily.
 Enalapril: Supplied—2.5 mg, 5 mg, 10 mg and 20 mg.
 Dosage: 2.5 mg test dose, then 10–15 mg twice daily, 
maximum 30 mg daily.
 Ramipril: Supplied—1.25 mg, 2.5 mg, 5 mg and 10 mg.
 Dosage: 1.25–2.5 mg daily, increasing over weeks to 
5–10 mg.
 Captopril: Supplied—12.5 mg, 25 mg and 50 mg.
 Dosage: 6.25 mg test dose, 6.25–12.5 mg twice daily; 
titrate over days to weeks to 25–50 mg twice daily. Because 
of twice daily dosing this useful drug is placed last.
 Other ACE inhibitors includes benazepril, cilazapril, 
perindopril, quinapril, trandolapril and zofenopril; these 
agents are not superior to the older agents.
 If cough, switch to an ARB. I do not believe ARBs, are 
as effective as ACE inhibitors, see criticisms below.
 SOLVD [1991]: studies of left ventricular dysfunc-
tion trial (1991): Patients with chronic HF and ejection  
fraction (EF) less than or equal to 0.35 (classes II and III), 
receiving conventional treatment for HF, (but not live 
saving beta-blockers) were randomly assigned to receive 
either placebo (n = 1,284) or enalapril (n = 1,285) at doses 
of 2.5–20 mg/day in a double blind trial. At 41.4 months, 
there were 510 deaths in the placebo group (39.7%), as 
compared with 452 in the enalapril group (35.2%), a modest  
11.4% reduction (claimed to be a reduction in risk, 16%  
p = 0.0036). These p values are obscure and not trusted here 
and in many randomized controlled trials (RCTs). Fewer 
patients died or were hospitalized for worsening HF (736 
in the placebo group and 613 in the enalapril group. But 
the exact reduction in hospital admissions for HF should be 
separated; the addition makes for faulty assumptions.

Angiotensin Receptor Blockers
Losartan 25 mg: If needed and blood pressure is not too 
low (<115 mm Hg, increase to maximum 50 mg/day)
 Losartan: 25–50 mg/day.
 Candesartan: Dosage 8 mg test dose; if hypotension is 
not a problem increase to 16 mg to maximum 24 mg daily; 
if hypertension is present the dose can be increased to  
32 mg/day.
 CHARM-Overall Program (2003) compared cande-
sartan with placebo. Total mortality was not reduced; 886 
(23%) patients in the candesartan and 945 (25%) in the 
placebo group died p = 0.055.

 CHARM-Alternative Trial (2003) enrolled 2,028 
patients with symptomatic HF and left ventricular (LV) EF 
40% or less who were not receiving ACE inhibitors because 
of previous intolerance. Patients were randomly assigned 
candesartan (target dose 32 mg once daily) or matching 
placebo.
 There was no reduction in total mortality. 
 ELITE 11: Effect of losartan compared with captopril 
on mortality in patients with symptomatic HF: Losartan 
was not superior to captopril in improving survival in 
elderly HF patients. Losartan = ACE inhibitor for efficacy; 
but are ACE inhibitors that good? 
 All drugs compliment each other for HF therapy: Diuretic 
digoxin, beta-blocker and losartan in most patients with 
class 111 and 1V, EF ~28–42% will be helped if all four drugs 
and in some added amiloride or spironolactone.
 Irbesartan: 75 mg, 150–300 mg/day.
 Telmisartan showed poor efficacy in two very large well 
run RCTs: The Telmisartan Randomised Assessment Study 
in ACE intolerant subjects with cardiovascular Disease 
(TRANSCEND) (2008) investigators studied the effects of 
telmisartan on cardiovascular events in high-risk patients 
intolerant to ACE inhibitors. Telmisartan therapy for 56 
months, although shown in Ongoing Telmisartan Alone 
and in Combination with Ramipril Global Endpoint Trial 
(ONTARGET) to be equivalent to ramipril surprisingly: 
Failed to decrease total mortality and had no significant 
effect on the primary outcome and hospitalizations for HF. 
In the large well-run PRoFESS RCT, telmisartan failed 
to decrease recurrent stroke (Yusuf et al. for the PRoFESS 
Study Group 2008).

 ■ The efficacy of the ARB telmisartan raises some con-
cern because of poor efficacy in two large RCTs.

 Valsartan: In the Valsartan Heart Failure Trial (Val-HeFT) 
(2001) mainly classes II and III were randomly assigned to 
receive 160 mg of valsartan or placebo twice daily. There 
was no reduction in all-cause mortality. In subjects treated 
with ACE inhibitor, a beta-blocker and valsartan, an unfa-
vorable interaction occurred; see Chapter 8, I do not advise 
the combination of valsartan and a beta-blocker.
 Valsartan combined with sacubitril twice-a-day mildly 
reduced HF recurrences and mortality. But the drug is expen-
sive and not soundly tested in large RCTs. The drug causes 
significant angioedema; this risk is high and caution is 
needed. Further trials are needed before widespread use. Also 
beta-blockers are a mainstay for HF and may interact with  
valsartan; results of RCTs may clarify this issue. Angi-
oedema is a major concern with this newer agent; further 
trials are needed before widespread use.
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 Pregnancy: ACE inhibitor and ARBs are contraindi-
cated in pregnancy.
 Cancer: Angiotensin receptor blockers appear to be 
associated with a modestly increased-risk for cancer, 
according to a meta-analysis published in the Lancet 
Oncology (Sipahi et al. 2010).

 ■ Researchers, examining data from five randomized tri-
als comprising nearly 62,000 patients, found that those 
taking ARBs (85% were using telmisartan) had a sig-
nificantly greater risk for new cancer than did controls 
(7.2% vs 6%).

 Should we be concerned about all ARBs or a single 
drug, telmisartan (Nissen 2010)? It appears that olmesartan 
presented problems. Thus caution is needed.
 Azilsartan is too new to recommend.

Hydralazine and Isosorbide Dinitrate 
In African-American Heart Failure Trial (A-HeFT) (Taylor 
et al. 2004), the combination of hydralazine and isosorbide-
dinitrate significantly reduced mortality and hospitaliza-
tions in patients of African origin.

Beta-blockers
Beta-blocker therapy is proven therapy as shown in  
several well run HF RCTs; those proven to be effective—
saving lives and preventing recurrence—are:

 ■ Bisoprolol: Dosage 2.5 mg daily for a few days then 
5 mg daily. If the heart rate decreases to less than 50 
beats/min the dose should be reduced to 2.5 mg/day. 
A resting heart rate of 50–60 beats/min is desirable. 
The heart rate must not fall to less than 44 beats/min.

 ■ Metoprolol: Dosage 12.5 mg twice daily increasing over 
days or weeks to 25 mg twice daily; maximum 50 mg 
twice daily or metoprolol succinate controlled. Release 
25–50 mg once daily.

 ■ Nebivolol: Nebivolol was shown effective in the elderly 
with HF and may assist with HF with preserved EF.

 ■ Propranolol: 80–180 mg/day.
 ■ Carvedilol: Dosage 3.25 mg test dose then twice daily 

for a few days; if there is no light headedness, dizzi-
ness or hypotension (systolic <110 mm Hg) the dose is 
increased to 6.25 mg twice daily and hopefully in 4–8 
weeks to reach 12.5 mg twice daily. Patients with low 
BP 110 mm Hg—110 mm Hg may need to take 6.25 mg 
3–4 times daily; total daily maintenance dose of 25–50 
mg is often required, see Chapter 8, Heart Failure for 

further advice. Alpha blocker in this drug may cause 
hypotension that can be dangerous during cardiac  
crisis. An overated drug.

 ■ Atenolol is not recommended: It is a poorly effective 
beta-blocker that is widely used even by specialists, see 
Chapter 19.

Digoxin
This drug is strongly recommended for most patients with 
HF. The British and American views are not based on logic 
or proper scrutiny of the Digitalis Investigation Group 
(DIG) trial; also there is an incorrect belief that ACE inhibi-
tors or ARBs are superior agents for HF. Over the past 30 
years digoxin use has declined more than 90% in deve-
loped countries and the “HF epidemic and hospital read-
missions continue unabated”. Provided that HF was not 
caused by a recent myocardial infarction (MI). I strongly 
recommend this inexpensive drug for most patients with 
HF particularly if a gallop rhythm was heard or if the EF is 
less than 40%. Of course if atrial fibrillation (AF) is present, 
the drug is most useful for both AF and HF, along with a 
beta-blocker.
 Dosage: For patients, age 30–75 years with normal kidney 
function (serum creatinine within the normal range eGFR 
> 70): 0.5 mg twice daily for 2 days then 0.25 mg daily. For 
patients over age 75 years with normal renal function the 
maintenance dose should be 0.125–0.0625 mg daily. A 
digoxin level is done in 3 months then every 6 months. 
Patients are warned to discontinue the drug if nausea or 
vomiting and to seek help to exclude digoxin toxicity or 
simply a stomach problem. Digoxin toxicity is thus pre-
ventable.
 Caution: Digoxin levels must remain in the range  
0.7–1.1 ng/mL, and must not exceed 1.0 ng/mL in females.

 ■ The drug can be used cautiously in patients with mild 
renal dysfunction eGFR 50–59 mL but should not be 
used if the serum creatinine is highly abnormal approxi-
mately more than 1.5 mg/dL [(>120 µmol/L); x 88.4 to 
convert to (SI units)], or the eGFR is less than 50. 

 ■ Digoxin toxicity does not occur under the guidance of a 
watchful physician; assess, For nausea, serum creatinine, 
if abnormal. Assess digoxin level and creatinine, eGFR at 
least every 4 months.

Analysis of the Digoxin Study
The results of the DIG study (1997) provided some answers 
to 200 years of controversy regarding the use of digitalis. 
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Digoxin was assigned to 3,397 patients with severe heart 
failure, and 3,403 received diuretics and an ACE inhibitor. 

 ■ The mean EF was 28 ± 9% (very low and severity of 
HF much worse than in most ARB RCTs or SOLVD in 
which the EF was 0.35). The average follow-up was 
37 months. Fewer patients in the digoxin group were 
hospitalized for worsening HF: 26.8% versus 34.7% in 
the placebo group (p < 0.001) this is a similar result 
observed for ACE inhibitors or ARBs.

 Most important, the risk associated with the combined 
outcome of death related to HF or hospitalization related 
to HF was significantly lower in the digoxin group (1,041 
vs 1,291 patients, p < 0.01), but this result is considered 
nonsignificant because it is an additive result. But additive 
results are used for most other agents claimed effective 
including ACE inhibitors and ARBs.

 ■ Digoxin results are similar to that observed for ACE 
inhibitors in Survival and Ventricular Enlargement 
(SAVE). 

 ■ Angiotensin receptor blockers in CHARM 2003 and 
Val-HeFT (2001) showed no meaningful decrease in 
mortality; a significant effect materializes because of 
addition of significant rehospitalization and negative 
mortality effect.

 ■ Hospitalization for recurrent HF continues worldwide 
in the absence of digoxin administration. Logic is per-
haps lost by our professors and those who write edito-
rials.

 ■ A 19% reduction was observed for the risk of death, 
CHF, or hospitalization (p = 0.001) a result that is  
better than observed for ARB therapy that is widespread 
without administration of digoxin.

 ■ A 22% decrease in death or hospitalization was 
observed in patients with cardiothoracic ratio more 
than 0.55; a chest X-ray remains useful.

 ■ Digoxin significantly decreased death or hospitaliza-
tion caused by worsening HF in patients with class  
II–III and IV HF with EF less than 0.40 or with cardio-
thoracic ratio more than 0.55.

 An unbiased comprehensive post hoc analysis of the 
DIG trial offered new insights (Ahmed et al. 2006).

 ■ The drug is highly recommended in patients with class 
III and IV, HF with EF less than 40%, also in those with 
increased LV volume and cardiothoracic ratio more 
than 0.55. 

 ■ Highly recommended if the systolic blood pressure 
(SBP) is less than 115 mm Hg, caused by ACE inhibitors, 
ARB and beta-blockers.

 ■ Digoxin does not cause a decrease in BP.
 ■ Digoxin levels must remain in the range 0.5–1.0 ng/mL 

(0.6–1 nmol/L). Patients maintained within this range 
showed maximum benefit. These levels must not be 
exceeded, particularly in females. Levels more than 1.1 
ng/mL increases risk and may increase mortality.

 Conditions in which there is an increased sensitivity 
to digoxin and conservative dosing is recommended: 

 ■ Elderly patients (age > 75 years) mainly because of 
renal dysfunction and poor adjustment of dosage. The 
serum creatinine of patients age 75–85 is misleading.

 ■ Renal dysfunction; creatinine more than 1.2 mg/dL 
(106 μmol/L) or eGFR 50 to 60

 ■ Estimated glomerular filtration rate [eGFR] less than 
45 mL/min (digoxin not advised)

 ■ Estimated glomerular filtration rate 45–55; dose 0.0625 
mg daily at bedtime; asses digoxin level in 4 weeks and 
if needed increase to 0.125 mg daily maximum dose 
is 0.125 mg 5–6 days/week with measurement of dig 
levels 3 monthly

 ■ Thin patients, low skeletal mass [serum creatinine 
may be fictitiously low]

 ■ Hypokalemia
 ■ Hyperkalemia
 ■ Acute MI
 ■ Hypomagnesemia
 ■ Hypothyroidism
 ■ Amyloidosis.

(see Chapter 8, Heart Failure for further details).
 The incidence of toxicity is rare with the lowered dose 
currently advised if renal function digoxin blood levels 
and serum potassium are monitored every 3 months. If 
digoxin toxicity is suspected, it is advisable to discontinue 
digoxin if:

 ■ Serum digoxin level is more than 1.1 ng/mL with a 
serum K+ level of 2.5–3.5 mEq (mmol)/L

 ■ Serum potassium level is less than 3 mEq (mmol)/L. 
In this case, digoxin should be withheld regardless of 
the serum digoxin concentration. Potassium depletion 
must be corrected before recommencing digoxin.

DRUGS FOR ACUTE MYOCARDIAL 
INFARCTION
Various drugs that are used for the management of post-
myocardial infarction are given in Table 10.1.
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metoprolol recommended for COPD patients or CHF; see 
Tables 10.2 (see Chapter 19).

Aspirin
 ■ Three tablets (75–81 mg)—soft chew tablets chewed—

should be taken by all patients if chest pain occurs and 
needs to be rushed to an emergency room (ER).

 ■ If not taken this should be given immediately in ambu-
lance, or in ER, or On-call to a doctor (doctor to advise 
to take aspirin immediately) every patient deemed to 
be at risk for a heart attack. 

 ■ Must be given aspirin 75–81 mg/day and to keep on 
hold to be used if ever chest pain occurs (patients over 
age 40 years at risk include diabetics).

Risk Assessment
Risk of death or MI in nonsmokers individuals age more 
than 40 years. 

 ■ Very high for “diabetic” especially if “parent or their 
sibling” had an MI before the age of 65 years regardless 
of low-density lipoprotein-cholesterol (LDL-C); “high 
risk” if parents lived more than age 75 years without 
MI but parents siblings or patient’s-sibling had MI and 
LDL-C more than 3.5 mmol/L.

Table 10.1: Drugs for maintenance management of postmyocardial infarction.
Drug Dosage

ACE inhibitor ARB#

Ramipril 5–10 mg daily, heart failure. EF < 40%

Losartan 25–50 mg/day heart failure. EF < 40%

Aspirin

Nonenteric coated 81 mg once daily after meal

Beta-blocker Resting heart rate goal 52–62 beats/min

Propranolol (only in nonsmokers and nondiabetics) 40–80 mg two times daily or inderal LA 80–240 mg once daily

Timolol* 5–10 mg twice daily

Bisoprolol 5–10 mg/day (if cardioselective drug is necessary) or 

Metoprolol 50 mg twice daily; then 100 mg twice daily

ACE: Angiotensin converting enzyme; ARB: Angiotensin receptor blocker; EF: Ejection fraction.
*Timolol caused an astounding 71% reduction in sudden cardiac deaths. The drug is more cardioprotective than most beta-blockers; 
a sustained release preparation is needed. Nonselective β1, β2 agent are expected to be more cardioprotective than commonly used selec-
tive agents; bisoprolol, metoprolol. Atenolol is poorly effective and not recommended.
#ACE inhibitors and ARBs are no longer recommended routinely for post MI patients at risk. They are recommended only if heart fail-
ure or LV dysfunction is present EF < 40% ~2 weeks after Mi and in those with large anterior infarcts. "The blanket recommendation to 
use renin angiotensin system inhibitors for all patients with CAD is therefore not supported by evidence" (Bangalore et al. 2017). The 
HOPE study is flawed because at the time of that study, cardioprotective agents: statins and beta-blockers, non-coated aspirin were 
not administered to most subjects.

Beta-blockers
Administer within hours of the event; do not give if hypo-
tension (BP < 105 mm Hg or bradycardia rate < 55 beats/min) 
or CHF is present (SOB chest signs; crepitations heard).
 Dosage: Do not give a big dose.
 Metoprolol: 25 mg twice daily 2 days then if stable  
50 mg twice daily or controlled release metoprolol succinate 
once daily.
 Bisoprolol: 2.5 mg once daily for 2 days then 5 mg/day; 
10 mg if hypertensive.

Maintenance Beta-blocker Therapy
 ■ Timolol 2.5–5 mg twice daily; timolol use caused a 

remarkable 71% reduction in sudden deaths post-MI 
and total mortality over 2 years follow-up. This is the 
only beta-blocker to show such a remarkable reduc-
tion in outcomes (Khan 2015, Cardiac drug therapy).

 ■ Propranolol 40–80 mg twice daily or long acting 120 
mg daily.

 I strongly recommend the use of a β1, β2 agent; β2 inhi-
bition causes salutary effects: increase lowered potassium 
levels to normal during stress of infarction, and inhibits 
renin-aldosterone-angiotensin receptors. Bisoprolol and 
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 ■ “High risk” nondiabetic, if parent or sibling MI at age 
less than 65 years, upgrade, to “very high” if LDL-C 
more than 3.5 mmol/L.

 ■ “Moderate” risk if parent or sibling or other family 
members MI 75–80 and LDL-C more than 3.5 mmol/L.

 ■ Moderate risk: No family history but LDL-C more than 
4 mmol/L.

 ■ Probable low risk: No family history of MI and LDL-C 
less than 2.5mmol/L. 

 ■ Multiply 38.5 to LDL SI unit to convert into mg/dL.

Clopidogrel
Clopidogrel prior to interventional percutaneous coronary 
intervention (PCI) loading dose. Then 75 mg/day; avoid 
proton pump inhibitors, may interact.

Statins
These drugs do save lives and reduce reinfarction rates 
in patients at high or medium risk. Dose to keep LDL  
1.4–2.0 mmol/L depending on risk.

 ■ Atorvastatin 40–60 mg daily for Asians and Africans, 
40–80 mg in Western world.

 ■ Rosuvastatin 20–30 mg daily for 4 weeks (40 mg West-
ern world) then 10–20 mg if goal LDL reached. Do not 
use if eGFR less than 40. 

 ■ Simvastatin 40 mg/a maximum dose 60 mg is not rec-
ommended because of several interacting drugs. The 
drug may be used if funds are not available for other 
agents; avoid interacting drugs (See Chapter 14).

 ■ High dose statins rarely may cause fasting blood glucose 
to rise to 7.5 mmol/L; this condition is benign, reversible 
glucose intolerance and fasting glucose levels should 
return to normal on stopping the statin except in  
prediabetics. Experts believe this is diabetes. (see Chap-
ter 3, Diabetes caused by Beta-blockers, Diuretics and 
Statins? which dispels this incorrect notion).

 ■ “Do not use statins, particularly simvastatin”, with 
medications that inhibit the enzyme cytochrome P450 
3A4 (CYP3A4): Gemfibrozil, cyclosporine, danazol, 
diltiazem or verapamil; amiodarone; itraconazole; 
ketoconazole.

 ◆ Erythromycin, azithromycin, clarithromycin, telithro-
mycin

 ◆ HIV protease inhibitors
 ◆ Nefazodone.

 ■ Do not use more than 10 mg of simvastatin with these 
medications:

 ◆ Gemfibrozil
 ◆ Cyclosporine
 ◆ Danazo
 ◆ Diltiazem, or
 ◆ Verapamil.

  Because of these interactions we only recommend 
atorvastatin and rosuvastatin.

Table 10.2: Beta blockers are the only drugs currently 
available that prevent sudden cardiac death.

Control Drug % Decrease

Total sudden death*

Propranolol 78 60 23

5 am–11 am 31 11 64

Total deaths 188/1460 138/1456 26

Timolol**

^Total sudden death 95 47 50

Instant, within seconds 38 11 71

Total deaths 117/718 67/670 42

Metoprolol CIBIS#

Total sudden death 21 9 57

Total deaths 31/147 25/154 19##

MERIT-HF*

Total sudden death 132 79 40.2

Total deaths 217/2001 145/1990 33.2

Bisoprolol CIBIS***

Total sudden death 83 48 42.2

Total deaths 228/1320 156/1327 31.6

[Only 4 beta blockers of the 12 available definitely prevent sudden 
cardiac death; they all gain high brain concentration.]
*BHAT study, AM sudden death (Peters et al. 1989) follow-up 25 
months, propranolol 120–240 mg daily.
**Timolol Norwegian MI study; mean duration 17 months 
 follow-up: 10 mg twice daily. A superior drug rarely used; beta- 
blockers are not all alike.
#Metoprolol: A very small study of only ~150 patients in each 
group followed for 3 years.
##“This reduction in cardiac mortality did not reach statistical sig-
nificance, as was to be expected from our sample size” (Olsson et 
al. 1985).
*In ref given (MERIT-HF) There were fewer sudden deaths in the 
metoprolol CR/XL group than in the placebo group (79 vs 132, 
0.59 [0.45–0.78]; p = 0.0002) and deaths from worsening heart 
failure (30 vs 58, 0.51 [0.33–0.79]; p = 0.0023).
***Bisoprolol in CIBIS; significant decrease in deaths and sudden 
death.
Carvedilol did not prevent sudden death in two large RCTs;  
total mortality in RCT was not significantly reduced in post MI 
 patients. Alpha activity is not useful and is potentially harmful.
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Streptokinase
“Streptokinase” is recommended by the author because 
it is not expensive and is as good as other thrombolytic  
if given within 2–3 hours of onset of pain; also heparin is 
not needed.
 Dosage: 1.5 million IU in 100 mL 0.9% saline IV over 
30–60 minutes.

 ■ In GISSI (Gruppo Italiano per lo Studio della Soprav-
vivenza nell’Infarto Miocardico trial), there was a 
significant difference in mortality rates between the 
streptokinase group and the nonstreptokinase group 
(controls) at 12 months (17.2% in the streptokinase 
group vs 19.0% in controls, p = 0.008; relative risk, 
0.90), especially in the 0–3 hours and 3–6 hours groups 
(relative risks, 0.89 and 0.87, respectively). 

 ■ GISSI succeeded in firmly establishing the efficacy of 
intravenously administered streptokinase.

 ■ The cost of tissue plasminogen activator (tPA) is nearly 
10-fold more than that of streptokinase, streptokinase 
continues to be the available fibrinolytic agent for  
millions who sustain acute myocardial infarctions 
(AMIs) in developing countries. Tenecteplase (TNK) 
$2,000.00 versus streptokinase $200.00. 

 Streptokinase continues to be used in some develop-
ing nations and is recommended by the author (see Chap-
ter 7 on Acute MI).
 Caution: Analysis of the medicare database suggests 
that thrombolytic therapy is harmful in patients more than 
75 years old. This is particularly so when TNK or tPA is 
used. Reportedly, the incidence of stroke is more than 4% 
for tPA and ~2.85% for streptokinase in patients older than 
age 75 years. 
 There appears to be a four- to fivefold greater incidence 
of intracerebral hemorrhage (ICH) in patients more than 
75 years who are treated with tPA versus streptokinase.
 The incidence of ICH in RCTs was reported as fol-
lows: Global Use of Strategies to Open Occluded Coronary 
Arteries (GUSTO III) (1997)—streptokinase 0.37, t-PA 0.72; 
Assessment of the Safety and Efficacy of a New Thrombo-
lytic (ASSENT-2)—t-PA 0.93, (TNK/t-PA), 0.94.

Tenecteplase
Dosage: 0.5 mg/kg bolus + heparin. TNKase is a genetically 
engineered triple-combination mutant of native tPA. The 
major advantage is the ease of single-bolus injection. UK: 
IV bolus over 10 second (initiated within 6 hours of symp-
tom onset), 30–50 mg according to body weight—maxi-
mum 50 mg.

Angiotensin Converting Enzyme Inhibitors 
ACE inhibitors should be administered when post-MI 
patients are stabilized ~24 hours after admission provided 
that hypotension is not manifested (BP systolic < 110 mm 
Hg). All patients with mild to—severe HF and or EF less 
than 40% and all with anterior infarcts with LV dysfunction 
EF <40% are candidates for ACE inhibitor therapy. ACE 
inhibitors and ARBs are no longer recommended rou-
tinely for most post-MI patients. They are recommended 
only if heart failure or LV dysfunction is present (Bangalore 
et al. 2017).

 ■ ACE inhibitors angiotensin converting enzyme inhibi-
tors have been shown to decrease the incidence of HF 
and the rate of hospitalization in post-MI patients with 
EF less than 40. In the survival of myocardial infarction 
long-term evaluation (SMILE) trial (Ambrosioni et al. 
1995), patients with anterior MI were treated early with 
zofenopril regardless of HF. Treatment lasted only 6 
weeks and resulted in a significant reduction in deaths 
and HF. After 1 year, mortality was lower in the treated 
group than in the placebo group.

 ■ In the Acute Infarction Ramipril Efficacy (AIRE) trial, 
ramipril administered to patients within 3–10 days 
of acute MI with transient signs and symptoms of HF 
caused a significant 27% reduction in the risk of death 
at 15 months, a benefit that was maintained for 5 years.

 Lisinopril, enalapril, ramipril, trandopril, zofenopril 
and captopril have proven effective in large RCTs. Only 
one ARB, losartan, has proven efficacy in a large RCT 
(ELITE 11).
 Dosage: Ramipril 5–10 mg/day.
 Survival and ventricular enlargement 1992: In the 
SAVE trial, 36,630 post-MI patients were screened. Within 
3–16 days after MI 2,231 patients with EFs of 40% or less 
but without overt HF or symptoms of myocardial ischemia 
were randomly assigned to receive double blind treatment 
with either placebo (1,116 patients) or captopril (1,115 
patients) and were followed for an average of 42 months. 
275 of the 1,116 patients (25%) in the placebo group and 
228 of 1,115 (20%) in the captopril group died; the reduc-
tion in the risk of death from all causes was small 19%  
(p = 0.019). Follow-up at 3.5 years showed a 22% decrease 
in the risk of requiring hospitalization for HF. 
 But only ~36% of subjects received a beta-blocker (thus 
current optimal therapy was lacking).
 The ARB losartan can replace ACE inhibitors for 
any indication: (see Heart Failure, Chapter 8) the ARB 
telmisartan proved useless in TRANSCEND and PRoFESS.
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DRUGS FOR HYPERTENSION
Diuretics
Chlorthalidone: 12.5–25 mg/day is more effective than 
HCTZ. I strongly advise adding “amiloride” 5 mg to con-
serve potassium loss which is commonly caused by the 
effective chlorthalidone. Amiloride or spironolactone 
enhances the salutary effects of diuretics and the combi-
nation should be used if hypertension is resistant to three 
other drugs. 

 ■ A combination pill chlorthalidone 25 mg with amiloride  
5 mg is needed. One tablet daily is advised.

 ■ Hydrochlorothizide (HCTZ) supplied 25 mg; give 
half tablet daily maximum one tablet daily or similar  
thiazide with amiloride 5 mg.

Beta-blockers
If BP goal is not achieved with a diuretic as given above 
add timolol or propranolol; if chronic obstructive pul-
monary disease (COPD), use “bisoprolol” 5–10 mg once 
daily; or metoprolol 50 mg twice daily or controlled release 
metoprolol succinate 50–100 mg once daily (do not use 
atenolol, nadolol, pindolol, acebutolol).

 ■ Diabetic with a positive history of MI commence with a 
beta-blocker; if goal less than 140 mm Hg not reached 
add diuretic. Goal in diabetics is 130–140 mm Hg. 

 ■ If a beta-blocker alone fails to control with added 
diuretic, replace diuretic with amlodipine 5 mg/day;  
maximum 7.5 mg/day. 

 ■ “Atenolol should not be prescribed to patients with 
cardiovascular disease, hypertensives, or diabetics" 
(Khan 2005; 2011).

Calcium Antagonists
Amlodipine initial drug: 5 mg/day maximum, 7.5 mg (par-
ticularly effective in Africans) if not controlled add beta-
blocker or ACE inhibitor lisinopril 5–10 mg/day; benazepril 
5 mg, 10 mg, 15 mg/day, the combination of amlodipine 
and ACE inhibitor is effective for moderate hypertension 
(if ACE inhibitor is not tolerated, replace with ARB).

Angiotensin Converting Enzyme Inhibitors
Lisinopril: Supplied—2.5 mg, 5 mg, 10 mg and 20 mg.
 Dosage: 5 mg once daily, increasing over weeks to  
20 mg daily, maximum 30 mg daily. Note a low dose of any 

drug combined with another produces better BP control 
with less side effects. 
 Enalapril: Supplied—2.5 mg, 5 mg, 10 mg and 20 mg.
 Dosage: 5 mg test dose, then 10–15 mg twice daily, 
maximum 40 mg daily.
 Ramipril: Supplied—1.25 mg, 2.5 mg, 5 mg and 10 mg.
 Dosage: 5 mg daily, increasing over weeks to 5–10 mg.
 Captopril: Supplied—12.5 mg, 25 mg and 50 mg.
 Dosage: 12.5 mg twice daily; titrate over months to 
weeks, 25–50 mg twice daily.
 Trandolapril: Supplied—5 mg, 1 mg, 2 mg; dosage 1–4 
mg/day.
 Benazepril: 5–10 mg/day.
 Zofenopril: 7.5 mg twice daily increase to 15 mg twice 
daily.
 Other ACE inhibitors include cilazapril, perindopril, 
quinapril, these agents are not superior to the older agents.

Angiotensin Receptor Blockers
Losartan: 25–50 mg/day first choice. 
Candesartan: 8–16 mg/day.
Irbesartan: 150–300 mg/day. 

DRUGS FOR ATRIAL FIBRILLATION 

Digoxin
Digoxin remains most useful most often in combination 
with a small dose of a beta-blocking drug. Digoxin use is 
frowned upon and use has fallen drastically in the past 
20 years mainly because of fear of toxicity and failure to 
reduce rapid rates more than 130 beats/min or on exer-
cise. But more than 40% of patients can be controlled with 
digoxin alone because rates remain 70–110. The elderly  
patients and men who fear erectile dysfunction are  
candi dates for digoxin therapy without a beta-blocker. The 
goal resting ventricular rate in more than 50% of patients is 
70–100 beats/min; thus digoxin is expected to maintain a 
rate of 65–100 beats/min.
 For patients with more rapid rates (100–120 beats/min) 
a beta-blocker at half dose (bisoprolol 2.5 mg daily, maxi-
mum 5 mg/day should suffice).

 ■ The goal rate is 70–100 beats/min: See advice for digoxin 
safe use given in Chapter 8, Heart Failure. A study  
suggested increase mortality in AF patients treated 
with digoxin but meta-analyses often give faulty  
conclusions. Patient on digoxin are usually those who 
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have ventricular dysfunction and AF and mortality 
is higher in these patients compared with those with 
lone AF.

Beta-blockers
These agents have been well tried and are highly recom-
mended for control of heart rate maintenance 70–100 
beats/min. The elderly tolerate beta-blockers extremely 
well and small doses are advisable. 
 Bisoprolol 5 mg, maximum 10 mg daily. If control is 
not achieved digoxin can be added (see section digoxin). 

Warfarin
This old agent is irreplaceable. It is inexpensive compared 
with the newer oral anticoagulants. International normal-
ized ratio (INR) should be maintained between 1.9 and 
3; patients over age 80 years, INR should be between 1.8 
and 2.8.
 “New oral anticoagulants”/replacement for warfarin.
 “Apixaban, dabigatran, rivaroxaban” are available.
 Until an antidote is available these agents carry sub-
stantial dangers. Patients have died from bleeding that 
cannot be stopped.

 ■ Idarucizumab reverses the blood-thinning effects of 
dabigatran; an antidote for apixaban and “rivaroxaban 
is on trial”.

 ■ In patients with marked fluctuations in INR and in 
whom the dose of warfarin needs to be altered several 
times it appears justifiable to choose a newer agent, 
but because they are renally excreted, kidney function 
(serum creatinine, or eGFR) must be normal.

Apixaban, Dabigatran, Rivaroxaban
Apixaban renal excretion is low compared to the other 
agents.
 Dosage: 5 mg 8 am, 2.5 mg 8 pm if over age 75 years 
(drug firm dosage is 5 mg twice daily) age < 65 and normal 
renal function avoid if renal failure.
 For dabigatran I recommend the lower dosage 110 
twice daily for patients older than age 75 years with normal 
serum creatinine levels (standard is 150 mg twice daily). 
Do not use these agents if the creatinine is abnormal or 
eGFR< 45 mL/min.
 In a propensity weighted nationwide study of reduced 
dose non-vitamin K antagonist oral anticoagulant regi-
mens, apixaban 2.5 mg twice a day was associated with 

a trend toward higher rates of ischaemic stroke/systemic 
embolism compared with warfarin, while rivaroxaban  
15 mg once a day and dabigatran 110 mg twice a day 
showed a trend toward lower thromboembolic rates. The 
results were not significantly different. Rates of bleeding 
(the principal safety outcome) were significantly lower for 
dabigatran, but not significantly different for apixaban and 
rivaroxaban compared with warfarin (Nielsen et al. 2017).

Renoprotection
The ARB losartan 50–75 mg/day and irbesartan 300 mg 
showed significant results. ARBs are not all alike. Because 
losartan is proven for prevention of HF equivalent to ACE 
inhibitor I advise this ARB (see above ELITE 11 trial).

Captopril: 25–50 mg twice daily.

Enalapril: 5–20 mg once or twice daily.

Irbesartan: 300 mg once/day (not 150 mg).
 Angiotensin converting enzyme inhibitors are proven 
and should be used (enalapril or lisinopril). An ACE 
inhibitor was shown to be more effective than a calcium 
antagonist in retarding the progression of renal disease; if 
intolerance occurs, ARB is then recommended.
 “Captopril” has been shown in an RCT to slow progres-
sion in patients with type 1 diabetes with microalbuminu-
ria. Captopril therapy was associated with a 50% reduction 
in the risk of the combined end points of death, dialysis 
and transplantation that was independent of the small  
disparity in blood pressure between the groups. 
 A total of 590 hypertensive patients with type 2 diabe-
tes and microalbuminuria were enrolled in a double-blind,  
placebo-controlled study of irbesartan, at a dose of either 
150 mg daily or 300 mg daily, and were followed for 2 years. 
Parving et al. (2001): The primary outcome was the time 
to the onset of diabetic nephropathy, defined by persis-
tent albuminuria in overnight specimens, with a urinary 
albumin excretion rate that was greater than 200 μg/min 
and at least 30% higher than the baseline level. The differ-
ence between the placebo group and the irbesartan 150 mg 
group was not significant (p = 0.08 by the log-rank test).

 ■ But the difference between the placebo group and the 
irbesartan 300 mg group was significant (p < 0.001 by 
the log-rank test). The reduction in albuminuria is 
small and 30% is probably not clinically significant.

 ■ Lewis et al. randomly assigned 1,715 hypertensive 
patients with nephropathy due to type 2 diabetes to 
treatment with irbesartan (300 mg daily), amlodipine 
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(10 mg daily), or placebo. Follow-up was 2.6 years. 
Irbesartan therapy was associated with a risk of the 
primary composite end point [the composite of a dou-
bling of the baseline serum creatinine concentration, 
the onset of end-stage renal disease (as indicated by the 
initiation of dialysis, renal transplantation, or a serum 
creatinine concentration of at least 6.0 mg/dL or 530 
μmol/L), or death from any cause]. That was 20% lower 
than that in the placebo group (p = 0.02) and 23% lower 
than that in the amlodipine group (p = 0.006) (Lewis  
et al. 2001). The risk of a doubling of the serum creati-
nine concentration was 33% lower in the irbesartan 
group than in the placebo group (p = 0.003) and 37% 
lower in the irbesartan group than in the amlodipine 
group (p < 0.001). Treatment with irbesartan was asso-
ciated with a relative risk of end-stage renal disease 
that was 23% lower than that in both other groups (p = 
0.07 for both comparisons). 

 Caution: In 2011, the FDA cautioned against using 
olme sartan to delay or prevent microalbuminuria in 
patients with diabetes. In the Randomized Olmesartan 
and Diabetes Microalbuminuria Prevention (ROADMAP) 
trial, fatal cardiovascular events occurred in more patients 
in the olmesartan group than in the placebo group—15 
(0.7%) as compared with 3 (0.1%) (p = 0.01). The Olm-
esartan Reducing Incidence of End-Stage Renal Disease 
in Diabetic Nephropathy Trial; in ORIENT, 566 patients 
with type 2 diabetes, who differed from the patients in the 
ROADMAP trial in that they had overt nephropathy, were 
randomly assigned to olmesartan (at a dose of 10–40 mg 
daily) or to placebo. In ORIENT, there were 10 deaths in 
the olmesartan group and three in the control group.
 Caution: The ARB telmisartan although shown to be as 
effective as ramipril failed miserably in two well-run large 
RCTs (TRANSEND and PRoFESS) stroke and HF was not 
prevented.

DRUGS FOR DIABETES
Goal of fasting glucose is 7.5–8.0 mmol/L; HbA1c 7.0–8.0%. 
This goal is needed to prevent hypoglycemia that com-
monly occurs with a lower goal advised by national  
guidelines. This allows the use of a noncardioselective 
beta-blocker that is critical if we are to prevent cardiac 
deaths. 

 ■ I strongly advise the older drugs timolol and propran-
olol (nonsmokers) because they are the only drugs 
shown in patients at high risk to prevent sudden car-
diac deaths; a common outcome for diabetics. Meto-

prolol and bisoprolol prevent sudden death and may 
be as effective: ACE inhibitors, ARBs and calcium 
antagonists do not prevent sudden death or fatal MI 
and are overused, see Chapter 4 and Table 10.2).

Metformin
Metformin, surprisingly, was never adequately tested in a 
large RCT with adequate follow-up. UK Prospective Dia-
betes Study (UKPDS) 38 (1998) studied 1,148 hyperten-
sive patients with type 2 diabetes, but only “758 patients 
were allocated to tight control of blood pressure and 390 
patients to less tight control with a follow-up of 8.4 years”. 
Mean SBP in patients over 9 years of follow-up was 144 
mm Hg under tight control and 154 mm Hg assigned to 
less tight control. Results are given for tight control 758 
versus less tight control, 390 subjects: 

 ■ Total mortality 124 of 758 versus 83 of 390; not signifi-
cant; MI 107 versus 69 not significant; microvascular 
68 versus 54 (so called) p significant 0.009. 

  The UKPDS studies 39, 38 (1988), confirm normaliza-
tion of fasting bold glucose (FBG) but do not confirm 
significant outcome beneficial effects for metformin 
therapy. 

 ■ In the less tight control group two drugs proven to be 
cardioprotective ACE inhibitors and beta-blockers were 
not administered.

 UKPDS 33 (1998) studied 3,867 patients with type 2 
diabetes treated mainly with “sulfonylureas or insulin 
and found no evidence that sulfonylureas cause MI or  
cardiac events”. Metformin was given only to 342 over-
weight patients.

 ■ Advised to use urine testing: Blood test a few times 
annually if blood facility available. Finger tip blood test 
only useful for insulin treated to prevent hypoglyce-
mia. Urin testing was used 1950–95 successfully. Tight 
control to achieve FBG > 6.5 is not advisable because it 
does not prevent complications. A goal of 7–8 mmol/L 
is recommended if blood is done once/month.

 ■ Urine testing should suffice.
 ■ Metformin 500 mg twice daily; if FBG more than  

9 mmol/L; HbA1c more than 8.5% but; I do not  
advise this test as expensive and FBG is more accurate. 
HbAIc may be altered in sickle cell disease. Approxi-
mately 10% of the black population has SCT. Asians 
may be affected. Several studies have identified factors 
that affect HbA1c, including African ancestry, ratio 
as expensive and nothing is gained, it is overused in 
developed nations.
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 ■ Urine testing: If urine dipstick is strongly positive over 
a few days; then increase to 1,000 mg in morning and 
500 mg in evening; improve diet; if still strongly posi-
tive use maximum dose of 1,000 mg twice daily or add 
other diabetic drug.

 ■ Reduce dosage if FBG is less than 8 mmol/L or HbA1c 
is less than 8%; goal—FBG should be 8–9 mmol/L; 
HbA1c should be 7.0–8%.

 Urine should be tested daily. Discard first AM urine 
and test next urine voided. But test urine within minutes 
of voiding. Dipstick in urine, remove immediately shake 
off a little and at 30 seconds compare with color chart.

Urine Testing is Strongly Advised
Inexpensive and gives the same physician’s advice as do 
fasting blood levels in patients with type 2 diabetes. It must 
be done on freshly past urine.
 Dip test-stick in, withdraw rapidly; shake off a little, 
count 30 seconds, and assess color.

 ■ The expensive testing: HbA1c used in Europe and western 
world has made no significant change in deaths, MI 
or diabetic complications. The test is overused. Sickle 
cell trait present in Africans and some East Indians 
interfere with results. FBG is less expensive and more  
reliable.

 ■ Importantly values do not change when the test is 
repeated 1–2.5 months later. Tight diabetic control 
to achieve FBG less than 7 or HbA1c less than 6.5% 
(0.6S7) has not proven significantly helpful but is pro-
claimed to be beneficial (see Chapters 17 and 23).

 ■ If urine dipstick is strongly positive for 2–3 morning 
testing increase dose of medication and improve die-
tary restrictions; increase exercise activities.

 ■ Reduce dosage of diabetic drug if urine dipstick is often 
negative, and is so for 3 consecutive days (the lowest 
color on chart); the urine test should always show mild 
positivity to avoid hypoglycemia which is as dangerous 
as severe hyperglycemia, a not uncommon finding in 
type 2 diabetes. 

 ■ Reduce dose of metformin to 500 mg twice daily if mild 
renal failure, maximum 1.5 g/day.

 Caution: Do not use the drug if severe renal failure, 
eGFR less than 45.

Gliclazide
Add drug to metformin if goal not achieved, or if side 
effects for metformin cause discontinuation; commence 
gliclazide as initial agent.

 Dosage: 80 mg twice daily with food; maximum 160 mg 
in morning and 80 mg with evening meal = 240 mg/day. 
Long acting formulations are useful but hypoglycemia 
may be prolonged. 
 Gliclazide modified release (MR)—30 mg, 60 mg: Take 
30 mg once daily, increase to maximum 60 mg if needed at 
the same time every day. (Manufacturer’s maximum = 120 
mg/day) Gliclazide has the same efficacy as newer sulfo-
nylureas, such as glimepiride; a European Guide study has 
shown that it has approximately 50% less hypoglycemic 
confirmed episodes in comparison with glimepiride.
 Caution: Do not use sulfonylureas if allergic to sulfur 
or take some forms of miconazole, or have renal failure.

Newer Agents
Several newer agents are available but many have caused 
heart failure and others do not significantly prevent fatal 
outcomes and require testing in long-term RCTs. these are 
discussed in Chapter 17.

Beta-blocker: A New Indication 
for Type 2 Diabetes

 ■ All diabetics at high risk (see earlier section on risk 
for CVD events) should be given a small to medium 
dose of, preferably a noncardioselective beta-blocker, 
timolol (propranolol in nonsmokers), but bisoprolol or 
metoprolol are also first-choice beta-blockers recom-
mended for the treatment of diabetic patients. These 
drugs are not usually advised because of hypoglycemia 
may be prolonged but with my strategy, keeping blood 
glucose fasting much higher (8–8.5) than conventional 
advice, hypoglycemia is avoided and cardioprotective 
drugs can be used to save lives and prevent sudden car-
diac deaths (Table 10.2). Atenolol is not recommended 
(See Chapter 19). Diabetics are at high risk, similar to 
post-MI patients so the experts should be more logical.

 ■ Physicians are afraid to use nonselective agents 
because they are more dangerous if hypoglycemia 
occurs. But β1 and β2-blocker is needed to more effec-
tively prevent fatal MI and sudden deaths (see Chapter 
7, Myocardial Infarction and Table 10.2).

 ■ With my advice hypoglycemia never occurs because 
FBG is kept more than 7.5 mmol/L at all times “or urine 
is always 1 + or more positive for glucose”. Use bisopro-
lol, or metoprolol for those with COPD.
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 ■ “Do not use atenolol, nadolol, sotalol or pindolol”.
 ■ Aspirin soft-chew 75–81 mg swallowed once daily after 

a meal to all type 2 diabetics age 40–85; keep three 
handy to chew if chest pain and believe it could be pain 
caused by a heart attack. Do not use enteric coated 
aspirin except if stomach problems and cannot take 
the chewable in more than 2.5% of individuals tak-
ing enteric coated aspirin the drug is not adequately 
absorbed.

Sitosterol is Harmful
Khan (2017) has shown that blood sitosterol, a sterol con-
tained in vegetable and plant foods is elevated in > 50% of 
diabetics and may cause athreroma and heart attacks (see 
chapter 17 for details of study and use of a low sitosterol diet 
and ezetimibe to prevent heart attacks and stroke in diabet-
ics) (Khan 2017). Sitosterol as a health food has gained a 
huge inappropriate herbal market.

Blood Pressure Goal
Goal is 130–140 mm Hg. Cardiovascular mortality is 
reduced if baseline SBP is greater than 150 mm Hg and 
reduced to 130–140. When baseline SBP was 140–150 mm 
Hg, the effect of treatment on cardiovascular mortality was 
not significant. If the initial baseline is 130–140 do not give 
a antihypertensive agent, particularly ACE inhibitor or 
ARB as increases mortality and events. A beta-blocker is 
safest to use as they do not lower BP much if already low, 
and they do prevent deaths contrary to popular medical 
belief.
 Beta-blockers have proven useful in patients at risk 
for cardiovascular complications, particularly those with 
CAD, hypertension and in most patients at risk for cardio-
vascular events. “But the PeriOperative ISchemic Evalua-
tion (POISE) trial (2008) showed that beta-blocker use in 
this setting is potentially harmful”. This opinion is quoted 
by many experts who fail to understand that the dose of 
metoprolol used was excessive; a blunderbuss trial similar 
to the Clopidogrel and Metoprolol in Myocardial Infarction 
Trial/Second Chinese Cardiac Study (COMMIT/CCS-2). 
The results of the COMMIT (2005) showed no short-term 
net clinical benefit of early metoprolol in STEMI patients 
undergoing thrombolysis, and harm was recorded. This 
discouraged many from using a beta-blocker early follow-
ing MI. But in that study an excessively high dose of meto-
prolol was given to patients with a SBP less than 110 mm 
Hg, hemodynamically unstable patients was inappropriate 
(Khan 2007). An inappropriate dose was also used in POISE.

 “The metoprolol group treated with an inappropriately 
large dose of metoprolol had increased rates of significant 
iatrogenic hypotension (15.0% vs 9.7%, p < 0.0001) and 
significant bradycardia (6.6% vs 2.4%, p < 0.0001), which 
contributed to the increase in mortality”.

ARRHYTHMIAS
Ventricular premature beats: Ventricular premature beats 
(VPBs) give a beta-blocker: bisoprolol 2.5 mg, maximum 
5 mg/day; metoprolol 25–50 mg twice daily. Inderal long 
acting 120 mg/day; sotalol is reserved for dangerous ven-
tricular, until appropriate treatment is available arrhyth-
mias. 

Atrial Fibrillation

Acute Rapid Rate
Diltiazem: A constant IV infusion of diltiazem (see chapter 
17) usually brings the ventricular response under control. 
Sinus rhythm is achieved in only about 15%, and hypoten-
sion occurs in up to 33% of patients. Diltiazem IV followed 
by procainamide IV bolus may cause reversion to sinus 
rhythm.
 Esmolol slows the rate adequately over 20 minutes, 
and sinus rhythm may ensue. The drug causes hypotension 
in up to 40% of patients and should be used judiciously.  
Esmolol and digoxin are effective, and hypotension is 
much less common than when esmolol alone is used.

Maintenance Management
Beta-blocker: Bisoprolol 2.5 mg, maximum 10 mg; pro-
pranolol LA 80–120 mg/day, metoprolol 25–50 mg twice/day.
 If not controlled add:
 “Digoxin” 0.25 mg/day; in elderly 0.125 mg/day or in 
patients with LV dysfunction or erectile dysfunction (low-
ered beta-blocker dose); see heart failure directions for 
full digoxin advise. Keep level 0.6–1.0 ng/mL. Do not use 
digoxin if eGFR is < 45.

Colchicine for Postoperative Atrial Fibrillation
The colchicine for the prevention of the postpericardio-
tomy syndrome (COPPS) paroxysmal atrial fibrillation 
(POAF) substudy is the first trial designed to assess the 
efficacy and safety of colchicine for POAF prevention. It is 
a substudy of the COPPS trial, in which colchicine halved 
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the occurrence of the postpericardiotomy syndrome 
(PPS). The COPPS POAF substudy included 336 patients 
(mean age, 65.7 ± 12.3 years; 69% male) of the COPPS trial, 
a multicenter, double-blind, randomized trial. Substudy 
patients were in sinus rhythm before starting the inter-
vention [placebo/colchicine 1.0 mg twice daily starting on 
postoperative day 3 followed by a maintenance dose of 0.5 
mg twice daily for 1 month Imazio et al. (2011)].
 Patients on colchicine had a reduced incidence of 
paroxysmal AF (POAF) (12.0% vs 22.0%, respectively;  
p = 0.021; relative risk reduction, 45%; number needed to 
treat, 11). The POAF events after the start of the interven-
tion (placebo/colchicine) numbered 35 of 167 versus 20 of 
169, respectively. The duration of POAF was shorter in the 
colchicine group compared with the placebo group (3.0 ± 
1.2 vs 7.7 ± 2.5 days, respectively; p < 0.001). Patients treated 
with colchicine had a shorter in-hospital stay (9.4 ± 3.7 vs 
10.3 ± 4.3 days; p = 0.040), rehabilitation stay (12.1 ± 6.1 vs 
13.9 ± 6.5 days; p = 0.009), and overall hospital stay [cardiac 
surgery plus rehabilitation Imazio et al. (2011)]. The rates 
of adverse effects and drug withdrawal were similar in the 
colchicine and placebo groups [9.5% vs 4.8%, respectively 
(p = 0.137), for side effects, and 11.8% vs 6.6% (p = 0.131) 
for drug withdrawal]. No severe adverse effects were noted 
(Imazio et al. 2011). Gastrointestinal intolerance was the 
only side effect recorded during the study in colchicine-
treated patients. One case of myotoxicity was recorded in 
the placebo group and was related to concomitant use of 
a statin. 

 ■ Statins should not be given concomitantly; the com-
bination may cause severe muscle damage and renal 
failure.

Paroxysmal Supraventricular Tachycardia
Adenosine IV bolus 6 mg (0.05–0.25 mg/kg) over 2  
seconds, rapidly flushed into a peripheral vein, followed 
by a bolus of 20 mL of fluid. The arrhythmia recurs in 
10–33% of cases and a 12 mg second bolus injection can 
be given approximately 2 minutes after the first injection. 
A further 12 mg dose may be repeated in 3–5 minutes, see 
Chapter 16.

Ventricular Tachycardia
If the pulse is present, the patient is hemodynamically 
stable. 

 Lidocaine (lignocaine) IV bolus of 75–100 mg (1–1.5 
mg/kg). After 5 minutes, administer a second bolus of 
75–100 mg. A simultaneous infusion is started within 2 
minutes of the first injection; infuse 2 mg/min. A third 
bolus of 75 mg should be tried before increasing the rate to 
3 mg/min and a maximum of 4 mg/min. Ventricular tachy-
cardia secondary to digitalis intoxication, phenothiazines, 
or tricyclic antidepressants usually responds to lidocaine 
therapy. If sinus rhythm is not restored but the patient 
remains hemodynamically stable, a trial of procainamide 
is advisable. 
 Procainamide: IV bolus of 100 mg at a rate of 20 mg/min, 
then 10–20 mg/min. Do not exceed 1 g over the 1st hour.
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CHAPTER

INTRODUCTION
Pericarditis may be benign with full recovery within weeks 
in more than 80% of individuals. A few develop recurrent 
pericarditis; rarely cardiac tamponade or constrictive  
pericarditis develops.

 ■ The electrocardiogram (ECG) of more than 75% of 
patients with pericarditis reveal ST segment eleva-
tion and can be misdiagnosed as acute ST segment 
 myocardial infarction (STEMI), resulting in coronary 
angiography or administration of thrombolytic therapy. 

 ■ Differentiation from acute myocardial infarction (MI) 
requires careful scrutiny of the ST and PR segments 
and search for reciprocal depression that occurs with 
acute STEMI (Figs. 11.1 to 11.3).

 ■ Pericardial effusions are present in approximately 60% 
of cases of acute pericarditis, with 80% being small and 
mild, 10% being moderate and 10% being severe.

 Pericarditis may be fibrinous, serofibrinous, hemor-
rhagic, or purulent. Chest pain features:

 ■ Mainly retrosternal and may mimic acute MI with 
radiation to the neck, jaw, arm, interscapular region, or 
upper abdomen. Pain in the trapezius muscle ridges, 
particularly the left, is seen with acute pericarditis and 
is not a feature of acute MI and pain may be present 
mostly mainly in the trapezius ridge.

 ■ Sudden onset, sharp, pleuritic, and increased by deep 
inspiration, but pain may be nonpleuritic or absent.

PATIENT ASSESSMENT
 ■ What are the vital signs?
 ■ Is the patient in distress, and does the patient have 

severe shortness of breath, suggesting tamponade?
 ■ Is the pain made worse by deep breathing and lying 

down? Is the pain relieved by sitting up, leaning for-
ward, or standing?

CONSIDER CAUSES OF PERICARDITIS

Underlying Diseases
 ■ Viral infections: Coxsackie B5 B6, echovirus, human 

immunodeficiency virus (HIV), Epstein-Barr, influ-
enza, mumps, varicella, rubella and mycoplasma.

 ■ Post-MI: Early and late.
 ■ Aortic dissection.
 ■ Cardiotomy, thoracic surgery.
 ■ Renal failure.
 ■ Neoplastic.
 ■ Tuberculosis.
 ■ Septicemia (purulent).
 ■ Endocarditis.
 ■ Collagen disease: Vasculitis, rheumatic fever, rheuma-

toid arthritis, lupus and scleroderma (>30 individual 
forms).

 ■ Myxedema.
 ■ Trauma to the heart: Surgery, catheter and pacemaker.

Adverse Reactions Easily  
Excluded by History
Drugs: Anticoagulants, cromolyn, daunorubicin, dantrolene, 
hydralazine, isoniazid, methysergide, minoxidil, procaina-
mide, phenytoin; radiation.

Idiopathic: Probable Viral 
(Specific Diagnosis Unidentified)

Selective History
 ■ How does the patient describe the pain?
 ■ Is the chest pain made worse with deep breathing or 

with postural change?
 ■ The pain of pericarditis usually worsens when lying 

down and is relieved by sitting upright or standing, but 
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Fig. 11.1: Features of acute pericarditis: The ST segment is elevated in most leads, particularly leads I, II, aVL, aVF, V5, and V6. Note 
the reciprocal ST segment-depression in aVR in which there is PR segment elevation. In the leads with ST segment elevation there is 
PR segment depression. Sinus tachycardia is present, as is commonly seen with acute pericarditis.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.

Fig. 11.2: Sinus tachycardia, widespread ST elevation, leads I, II, III, aVL, aVF, V3 through V6; in these leads the PR segment is  
depressed, note PR segment elevation in aVR, this is the only lead that may show mild ST segment depression.
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pain is not always typical. Pain in the trapezius ridge is 
characteristic.

 ■ Is the pain worse on swallowing, suggesting pericarditis 
or an esophageal problem?

 ■ Is the pain oppressive, or is it a vague ache?
 ■ Is there genuine shortness of breath, or is the patient 

splinting because of pain on inspiration?
 ■ Is there actual lightheadedness, presyncope, nausea, 

or vomiting?
 ■ Is there an underlying disease that can cause pericar-

ditis? 
 ■ Is there fever, or are there chills?

 ◆ A fever less than 39°C (<102.2°F) is common. Higher 

temperatures are seen with purulent pericarditis.
 ■ Are palpitations a feature, or is tachycardia?

Selective Physical Examination
 ■ Assess the jugular venous pressure: Jugular venous 

pressure (JVP) should be normal (<2 cm); if more than 
4 cm and the patient is short of breath or distressed, 
consider cardiac tamponade.

 ■ Check for pulsus paradoxus.
 ■ Listen for a pericardial friction rub, present in more 

than 85% of cases and the diagnosis can be clinched by 
careful auscultation.

 The rub is heard between the lower left sternal edge 
and apex but can localize to any area or over most of the 
precordium. Because pericardial friction rubs vary in 

intensity from minute to minute, patients should be exam-
ined repeatedly. The rub is a high-pitched, scratchy, or 
squeaky sound. Use the diaphragm pressed firmly against 
the chest wall with the patient sitting and leaning forward, 
or while the patient bends over resting on the elbows and 
knees with the breath held in deep expiration. A pleural rub 
is not heard when the breath is held. The rub may increase 
in intensity on inspiration if the pleura is involved; pleuro-
pericarditis may be present.

 ■ The rub is triphasic in more than 50% of cases; the 
three components are derived from ventricular systole, 
an early diastolic sound during the early phase of ven-
tricular filling, and a presystolic component during 
atrial systole in patients in sinus rhythm. In about 33%, 
the rub is biphasic, consisting of a systolic component 
and a diastolic component.

 ■ The rub may be transient, varying from minute to minute. 
If a rub is not heard initially, listen repeatedly at differ-
ent intervals during the course of the examination and 
in some at different times of the day.

 ■ A rub may occur even in the presence of a large peri-
cardial effusion and may disappear when the effusion 
is drained.

 ◆ The stethoscope is still valuable; in a patient with 
acute chest pain and fever, auscultation revealed a 
clear pericardial rub, while the echocardiographic 
images did not even show pericardial effusion—
probably because it was in the early stages of peri-
carditis (Fuster 2016).

Fig. 11.3: ST elevation II, III, aVF, V5 through V6; note there is reciprocal depression aVL, V1, V2 diagnostic of ST segment myocardial 
infarction (STEMI). Reciprocal ST segment depression is not diagnostic of infarction but helps to confirm the diagnosis of acute STEMI. An 
important sign to look for as it not seen with acute pericarditis (see Figs. 11.1 and 11.2).
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ECG findings: Sinus tachycardia is common and may be 
the only electrocardiographic finding if ST elevation has 
resolved and the T waves remain normal.

 ■ Typically widespread ST segment elevation in four or 
more leads: I, II, III, aVL, aVF, V3–V6.

 The four stages of the electrocardiographic abnormali-
ties:
 Stage I: (Hours to days) widespread ST segment eleva-
tion 2–5 mm and PR depression in leads with ST elevation 
(see Figs. 11.1 and 11.2).

 ■ Look for reciprocal ST depression in aVR.
 Stage II: (Few days later) ST and PR segments isoelec-
tric, upright, or flattened T.
 Stage III: After normalization of ST segment, diffuse  
T wave inversion occurs. 
 Stage IV: (Days to weeks) T waves normalize, rarely 
remain inverted. This is a J-point ST elevation concave 
upward (a normal shape) with no T wave inversion, 
whereas with MI, the ST segment is convex, often with 
emerging Q-waves present and the T waves begin to invert 
before the ST segment normalizes. The ST segment is 
depressed in lead aVR and sometimes minimally in V1.

 ■ In addition, the ECG obtained at the earliest stage of 
acute pericarditis may reveal (PR) segment depres-
sions in most leads and PR elevation in aVR and some-
times in V1.

 In pericarditis, the ST segment is concave upward and 
is diffused occurring in lead I as well as leads II, III, aVF 
and in most leads except aVR (see Fig. 11.1). The ST seg-
ment in lead I is not elevated abnormally with acute infe-
rior MI except with acute inferolateral MI and reciprocal 
depression is observed. Reciprocal ST depression is an 
important ECG sign of acute MI.

 ■ Scrutiny of the PR segment is crucial: In pericarditis 
leads I, II, III, aVL, aVF, V3 through V6; reveal PR seg-
ment depression.

 ■ A notable feature is PR segment elevation in aVR, this 
lead shows ST segment depression (see Figs. 11.1 and 11.2).

 Echocardiographic findings: For echocardiographic 
findings, see Figures 11.4A to D.

MANAGEMENT
Colchicine plus conventional therapy tested in an RCT 
caused clinically and statistically significant benefit over 
conventional treatment. The drug decreased the recurrence 
rate in patients with a first episode of acute pericarditis  

(Imazio et al. 2005; 2009). In approximately 8% diarrhea 
caused discontinuation of the drug.

 ■ Corticosteroid therapy should not be used because 
given in the index attack favors the occurrence of 
recurrences (Imazio et al. 2005). Nonsteroidal anti-
inflammatory drugs (NSAIDs) can be administered 
and steroid complications are avoided (Shabetai 2008).

 ■ Colchicine 0.6 mg twice daily may be effective without 
the use of NSAIDs. 

 Purulent pericarditis may occur during septicemia 
caused by Pneumococcus, Meningococcus, Haemophilus, 
Gonococcus and other organisms. Pericardiocentesis 
is indicated in patients suspected of purulent pericarditis 
to isolate microorganisms and determine sensitivities 
and the appropriate choice of antibiotics. Cardiothoracic 
surgical assistance often is required for open pericardial 
drainage or creation of a pericardiopleural window.
 Tuberculosis is a common cause of pericarditis in 
Asia, Africa, the Middle East, Latin America, and some 
underdeveloped countries. Isolation of mycobacterium 
tuberculosis in pericardial fluid or a histological examina-
tion of pericardial tissue or proven active tuberculosis in 
other organs. Tuberculous pericarditis is more common 
in blacks, is commonly seen in patients with acquired 
immunodeficiency syndrome (AIDS), cough; weight loss; 
dyspnea, occasionally orthopnea; fever; chills; and night 
sweats may be present for several months before signs 
of pericarditis occur; cardiomegaly; a pericardial friction 
rub plus signs of tamponade may develop; hepatomegaly 
occurs in over 90% of patients. Ascites is fairly common.

Uremic Pericarditis
Pericardiocentesis is required only if there is suspicion of 
purulent infection or tamponade. The condition usually 
subsides with more frequent dialysis. Recurrent effusions 
uncontrolled by dialysis may respond to instillation of 
triamcinolone into the pericardial sac. The instillation of  
sclerosing agents is of benefit in some patients with  
neoplastic pericarditis.

Lupus Erythematosus
This well-known disorder may cause rare cardiac lesions. 
Pericardial lesions occur in more than 30% of patients, but 
significant pericarditis is manifested in less than 20%. The 
initial manifestation of lupus erythematosus (LE) may be 
pericarditis, but pericardial involvement may occur at any 
stage of the disease.
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Figs. 11.4A to D: Two-dimensional (2D) echocardiography of pericardial effusions of varying size. Anterior (*) and posterior (arrow) are 
seen as echo-free spaces of increasing size including small, posterior (A), moderate circumferential (B), and large circumferential (C). 
Figure D shows a large pleural effusion (curved arrow) posterior to a small pericardial effusion (arrow) with the pericardium visualized as 
an echogenic linearity between both. (AO: Aorta; LA: Left atrium; LV: Left ventricle; RA: Right atrium; RV: Right ventricle).
Source: Nanda CN. Comprehensive Textbook of Echocardiography, page 1438, Figures 68.1A to D; with kind permission, Jaypee Brothers 
Medical Publishers (P) Ltd, New Delhi, India, 2014.

A

C
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Cardiac Tamponade
Cardiac tamponade is a life-threatening condition caused 
by a pressurized pericardial effusion (see Figs. 11.5 to 11.8). 
Right atrial systolic collapse is a sensitive finding in peri-
cardial tamponade, but left atrial systolic collapse is less 
commonly seen.

MYOCARDITIS
 ■ The disease presents with a wide range of symptoms, 

ranging from mild to severe dyspnea or chest pain and 
may progress to cardiogenic shock and death; and in 

some the disorder resolves without specific therapy 
(Cooper 2009). Myocarditis appears to be a precur-
sor in some patients with dilated cardiomyopathy 
(Figs. 11.9A to C).

 ■ Chest pain and ECG findings may mimic STEMI or 
non-STEMI and force invasive testing that is harmful.

 ■ Viruses may induce myocarditis in genetically suscep-
tible individuals. In humans, viral involvement and a 
later immunological modulation appear to be impor-
tant. Viral: Coxsackie B virus, enterovirus, adenovirus, 
influenza, Epstein-Barr virus, cytomegalovirus and 
human herpesvirus (Sagar et al. 2012).
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Fig. 11.7: Subcostal view of anterior pericardial fluid. Arrowhead 
points to diastolic right ventricular collapse. (L: Liver; LV: Left ven-
tricle; PE: Pericardial effusion) (Movie clip 81.2).
Source: Nanda CN. Comprehensive Textbook of Echocardiography, 
page 1971, Figure 81.2; with kind permission, Jaypee Brothers 
Medical Publishers (P) Ltd., New Delhi, India, 2014.

Figs. 11.8: Parasterual short axis of right ventricular (RV) diastolic 
collapse (arrowhead) and pericardial effusion (PE). (LV: Left ventri-
cle). (movie clip 81.3). 
Source: Nanda CN. Comprehensive Textbook of Echocardiography, 
page 1971, Figure 81.3; with kind permission, Jaypee Brothers 
Medical Publishers (P) Ltd., New Delhi, India, 2014.

Fig. 11.5: Apical four-chamber view showing large pericardial  
effusion with right atrial collapse (arrow). (RV: Right ventricle; LV: 
Left ventricle; RA: Right atrium; LA: Left atrium).
Source: Mohan JC. A Practical Approach to Clinical Echocardi-
ography, page 350, Figure 18.24; with kind permission, Jaypee 
Brothers Medical Publishers (P) Ltd., New Delhi, 2014.

Fig. 11.6: Transthoracic apical four-chamber view showing diastolic 
left atrial collapse while there is no collapse of the right atrial free wall.
(RV: Right ventricle; LV: Left ventricle; RA: Right atrium; LA: Left atrium).
Source: Mohan JC. A Practical Approach to Clinical Echocardi-
ography, page 351, Figure 18.26; with kind permission, Jaypee 
Brothers Medical Publishers (P) Ltd., New Delhi, 2014.

 ■ The HIV or cytomegalovirus appears to be the cause 
of myocarditis in patients with AIDS. Acute myocar-
ditis has been associated with infection by Coxsackie 
B3 and B5, mumps, Epstein-Barr, influenza and other 
viruses (Baudry et at. 2015; Canter and Simpson 2014).

 ■ Chagas disease is the most common cause of myocar-
ditis in Latin America.

 ■ Bacterial: Streptococci, meningococci, clostridia, 
coryne bacterium, mycobacteria, and many other 
infections with Borrelia burgdorferi (Lyme disease).

 ■ Fungal and parasites: Candida, aspergillosis, Crypto-
coccus, schistosomes, filaria, malaria, toxoplasma and 
many others.

 ■ A negative gallium scan is reassuring, because it 
excludes myocarditis in over 96% of all cases. Also, 
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Figs. 11.9A to C: Echocardiographic findings in a patient with 
septicemic myocarditis. Two-dimensional transthoracic echocar-
diography. (A) Parasternal long-axis and (B) apical four-chamber 
views. This patient with Streptococcus pneumoniae developed 
poor biventricular function consistent with myocarditis; (C) Apical  
four-chamber view. Further deterioration of ventricular function was 
noted on the next day and the patient succumbed in the next few 
days from multiorgan failure; (Has a bacterial: Streptococci, menin-
gococci, clostridia, Corynebacterium, mycobacteria, and many  
others). (Ao: Aorta; LA: Left atrium; LV: Left ventricle; PW: Posterior 
wall; RA: Right atrium; RV: Right ventricle; VS: Ventricular septum). 
(Movie clips 11.9A to C) 
Source: Nanda CN. Comprehensive Textbook of Echocardiogra-
phy, page 1406, Figures 66.38A to C; with kind permission, Jaypee 
Brothers Medical Publishers (P) Ltd., New Delhi, India, 2014.
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a negative gallium predicts a negative myocardial 
biopsy. Higher levels of troponin T have been shown to 
be of prognostic value (Kinderman et al. 2012).

 ■ Preliminary studies suggest that noninvasive cardiac 
magnetic resonance imaging (CMR) provides an alter-
native method for diagnosis without the risks of biopsy 
(Florian et al. 2015).

 During the first few weeks, there is a fear that cortico-
steroids may increase viral replication and worsen myocar-
ditis. A multicenter randomized study using corticos-
teroids and cyclosporine in patients with biopsy-proven 
myocarditis showed no improvement in survival or LV 
function (Imazio et al. 2005).
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Aortic Dissection
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CHAPTER

INTRODUCTION
The extremely high mortality rate from dissection of the 
ascending aorta calls for rapidity of diagnosis; (>50% of 
patients die in 15 minutes). Death often occurs within 
1–6 hours of onset of symptoms. With dissection of the 
descending aorta, 2–12 hours is available for diagnostic 
workup.

ASSESSMENT
 ■ Is the patient critically ill?
 ■ What are the patient’s vital signs?
 ■ Is the patient’s chest pain severe and persistent?
 ■ If a transesophageal echocardiography (TEE) has not 

been requested, have one done immediately.
 ■ Is it truly aortic dissection, or is it extensive myocar-

dial infarction (MI) with mechanical complication or 
severe pulmonary embolism? Diagnostic confirmation 
by TEE or magnetic resonance imaging (MRI) within 
an hour, followed by surgical correction, offers the only 
means of survival for the patient.

 ■ Does the patient look sick (uncomfortable or distressed) 
or critical (about to die)?

 ■ What is the blood pressure (BP)? Is hypotension present?
 If the systolic BP is greater than 120 mm Hg, request 
a nitroprusside infusion. Prepare to administer a beta-
blocking drug intravenously (IV) to decrease cardiac ejec-
tion velocity.

Selective History and Physical Examination
 ■ Sudden onset of severe chest pain radiating to the back 

and the interscapular area, accompanied by a shock-
like state with the patient cool, clammy, and vaso-
constricted, even in the presence of a normal BP, is a  
common feature of dissection.

 ■ Hypotension is an ominous sign.
 ■ Syncope may indicate rupture into the pericardial 

space with cardiac tamponade.

 ■ Listen for a loud aortic diastolic murmur, which may 
occur secondary to dissection involving the aortic 
valve. An aortic thrill may be present.

 ■ Assess for sternoclavicular joint pulsation.
 ■ Assess the pulses in the limbs; pulses may come and go.
 ■ The BP may be different in the arms, if the left subcla-

vian artery is affected.

DIAGNOSTIC TESTING
 ■ Assess the electrocardiogram (ECG). A lack of ST  

elevation or developing Q waves, in the presence 
of sudden severe chest pain with a shock-like state,  
suggests aortic dissection.

 ■ Obtain immediate estimation of hemoglobin, serum 
creatinine and potassium.

 ■ Assess the chest X-ray.

Echocardiography
 ■ Transthoracic echocardiogram (TTE) can be done  

rapidly, but TEE is most useful (Figs. 12.1 to 12.3). 
 ■ Aortic dissections have TEE done urgently in the emer-

gency room (ER) or on the way to the operating room.

Computed Tomography Angiography
Computed tomography (CT) angiography can be rapidly 
done; is available in most hospitals; and provides impor-
tant information about the extent of dissection, relation 
between the true and false lumen, and aortic branch com-
promise. Thus, CT angiography is often done in patients in 
whom a probable diagnosis of dissection has been made 
by ECG before making any management decision.
 The introduction of 64-slice multidetector CT with 
ECG gating has allowed the simultaneous imaging of 
the aorta and coronary and pulmonary arteries, with the  
potential to accurately diagnose coronary atherosclerosis, 
pulmonary embolism, and aortic dissection in one 
method (Song et al. 2007). Thus, CT will probably remain 
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the first choice for final diagnostic testing in most centers 
(Song et al. 2007). Serial follow-up imaging is important in 
patients with aortic dissection, and MRI has the advantage 
of avoiding ionizing radiation. Guidelines recommend the 
use of ECG or CT, or both, in the initial imaging of patients 
suspected to have acute aortic dissection, whereas MRI is 
favored for the assessment of chronic dissection.

MANAGEMENT

 ■ Immediate reduction in BP to 100–120 mm Hg and 
elimination of pain (Golledge and Eagle 2008).

 ■ If the systolic BP is greater than 120 mm Hg, 
 ◆ Nitroprusside: It is given to decrease the afterload. 

Begin with a very low dose 0.2–2 µg /kg/min IV 

Figs. 12.1A and B: Parasternal long-axis views demonstrating proximal aortic dissection; (A) 2D image demonstrating the intimal flap in 
proximal ascending aorta; (B) Color flow Doppler demonstrating AR resulting from the dissection. (Ao: Aorta; LA: Left atrium; RA: Right 
atrium; RV: Right ventricle).
Source: Adapted from Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical 
Publishers (P) Ltd; 2014. p. 936, Figures 42.7A and B.

A B

Figs. 12.2A and B: (A) In this Type B dissection, the intimal tear of entry is clearly seen on these TEE views of the proximal descending 
aorta. The dissection flap (arrow) has an echo-free zone, which represents the tear. On color Doppler imaging (B), flow from the smaller 
true lumen (TL) can be seen into the false lumen (FL). (TEE: Transthoracic echocardiogram).
Source: Adapted from Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical 
Publishers (P) Ltd; 2014. p. 957, Figures 43.22A and B. (Movie clips 43.22 A and B). 

A B
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until a desired hemodynamic effect is achieved. 
The BP should remain greater than 90 mm Hg or a 
level that avoids hypotensive symptoms. The drug 
used for 24–72 hours avoids toxicity.

 ◆ Esmolol: A beta-blocker, such as esmolol, is 
given, infused IV at 3–6 mg over 1 minute; the 
main te nance dose is 1–3 mg/min (maximum  
50 µg/kg/min). If hypotension is present or develops, 
decrease the maintenance dose to 1–3 mg/min.

 ◆ Labetolol IV: 20–80 mg bolus over at least 1 min, 
repeat after 5 minutes, then every 10–15 minutes 
if needed to maximum 200 mg; IV infusion:  
0.5–2 mg/min; 50–100 mg twice daily; titrate over 
weeks to 200–400 mg twice daily.

 ◆ Metoprolol: Dosage is 1 mg/min at 5 minutes 
intervals to a maximum of 15 mg repeated every 
6–8 hours. Orally 50–100 mg twice daily. 

 With dissection of the descending aorta, diagnostic 
workup includes an aortic arteriogram. Elevated BP is 
controlled with nitroprusside and a beta-blocker. Surgery 
is not necessary in all cases, and if surgery is not urgently 
required, a follow-up examination with CT is indicated to 

assess for widening, which indicates the need for surgical 
intervention.
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A B
Figs. 12.3A and B: (A) Proximal extension of the dissection flap in Type A dissection can result in damage to the superstructure of the 
aortic valve. In this case, there is loss of commissural support of the commissure between noncoronary and left coronary cusps (arrow), 
leading to moderate aortic regurgitation (in B) despite a normal valvular morphology. In cases such as this, surgical repair/resuspension 
of the native aortic valve are possible.
Source: Adapted from Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical 
Publishers (P) Ltd; 2014. p. 957, Figures 43.23A and B. (Movie clips 43.23 A and B). 
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INTRODUCTION
A sudden decrease in systolic blood pressure (BP) to 
approximately less than 70 mm Hg that interrupts cerebral 
blood flow for more than 8 seconds causes a transient less 
of consciousness and loss of postural tone; spontaneous 
complete recovery occurs within 1–5 minutes.

QUESTIONS TO RESOLVE
 ■ Was there a definite loss of consciousness for a few 

seconds?
 ■ What are the vital signs?
 ■ Did the patient complain of palpitations?
 ■ Did the patient feel a warning of an impending faint?
 ■ Did the patient have seizures, incontinence, or tongue 

biting, indicating epilepsy?
 ■ Did the patient sustain injuries?

 Injuries usually do not occur with a simple faint, and 
they indicate a serious problem.

CONSIDER CAUSES OF SYNCOPE
 ■ An obvious cardiac cause can be defined by a sound 

patient history, physical examination, electrocardio-
gram (ECG) and Holter monitoring. Perhaps less than 
10% of cases have a cardiac cause (Table 13.1).

 ■ Neurocardiogenic syncope, simple faint (also called 
vasodepressor, vasovagal syncope, reflex syncope) 
accounts for more than 30% of cases of syncope and 
must be excluded by a relevant history (Table 13.2).

 ■ Unexplained syncope constitutes a large group (30%).
 ■ Syncope may be the clue to life-threatening cardiac 

diseases, including the long QT syndrome commonly 
misdiagnosed in children and adolescents as seizures 
or simple fainting.

 ■ Postural hypotension is an important cause of syncope 
and must be quickly excluded (Flowchart 13.1).

THREAT TO LIFE
 ■ Cardiac conditions: Severe aortic stenosis, obstructive 

cardiomyopathy, acute inferior infarction, Mobitz type 
II or third-degree AV block.

 ■ If bodily injury occurred without a warning think of a 
cardiac cause because the commonly occurring sim-
ple faint always gives a warning, however fleet it may be.

PATIENT ASSESSMENT
 ■ Does the patient look well (comfortable), sick 

(uncomfortable or distressed), or critical (about to die)?

Table 13.1: Cardiac causes of syncope.

Tachyarrhythmias Sustained and nonsustained  
ventricular tachycardia
Torsades de pointes
Atrial fibrillation
Supraventricular tachycardia
Long QT syndrome
Wolff-Parkinson-White syndrome
Pacemaker mediated

Bradyarrhythmias Sinus node dysfunction  
(sick sinus syndrome)
Carotid sinus syncope

Obstruction to stroke 
volume

Aortic stenosis
Hypertrophic cardiomyopathy
Tight mitral stenosis
Atrial myxoma or thrombus
Cardiac tamponade
Prosthetic valve dysfunction
Pulmonary embolism
Pulmonary hypertension
Pulmonary stenosis

Others Mitral valve prolapse
Inferior myocardial infarction
Coronary artery spasm
Aortic dissection

Syncope
13

CHAPTER
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Table 13.2: Noncardiac* causes of syncope.
1. Vasodepressor (vasovagal) or neurocardiogenic causes (>30%)

2. Postural hypotension (10%)

A. Decreased preload

1. Venous pooling, caused by extensive varicose veins, postexercise vasodilation,  
venous angioma in the leg

2. Drugs: nitrates, diuretics, and angiotensin-converting enzyme inhibitors

3. Decreased blood volume: blood loss

4. Dehydration: vomiting, diarrhea, excessive sweating, and Addison’s disease

B. Drugs

1. Alpha blockers

2. Ganglion blockers

3. Bromocriptine

4. Levodopa

5. Nifedipine

C. Neurogenic decrease of autonomic activity

1. Bed rest

2. Neuropathies and diabetes

3. Shy-Drager syndrome

4. Idiopathic causes

3. Cerebrovascular disease

A. Transient ischemic attack

B. Subclavian steal

C. Basilar artery migraine

D. Cervical arthritis, atlanto-occipital dislocation, compression of the vertebral artery

4. Situational causes

A. Cough, sneeze, micturition, and defecation

5. Other causes

A. Drugs or alcohol

B. Hypoglycemia

C. Hypoxemia

D. Hypoventilation

E. Hysterical reaction

6. Unexplained

*No electrical or structural heart disease.

 ■ A detailed relevant history should verify or exclude a 
simple faint. Many attacks over several years or since 
childhood, indicate a diagnosis of fainting spells, but 
the long QT syndrome should be excluded by the 
assessment of an ECG. Verify the presence or absence 
of a subtle warning that lasts a few seconds. Conditions 
such as sick sinus syndrome may or may not give a few 
seconds’ warning.

 ■ Risk-stratifying patients into low-, moderate- and high-
risk groups can assist in medical decision-making and  
help determine the patient’s disposition (Patel and 
Quinn 2015).

 ■ Assess postural hypotension: BP with the patient  
recumbent for more than 3 minutes, then with the 
patient standing to elicit postural hypotension

 ■ Listen for bruits over the subclavian and carotid arteries
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 ■ Perform a full cardiovascular examination 
 ■ Assess for aortic stenosis, hypertrophic cardiomyo-

pathy, mitral stenosis, mitral valve prolapse and  
prosthetic heart valve

 ■ Assess for tachyarrhythmias and bradyarrhythmias
 ■ Assess for pulmonary embolism, which may present 

with syncope
 ■ Vasodepressor or vasovagal syncope and all known 

causes of syncope should be methodically excluded 
(see Table 13.1)

 ■ Dizziness is often a feature of presyncope and  
has several causes that are difficult to determine  
(Flowchart 13.2).

NEUROCARDIOGENIC SYNCOPE
 ■ A good history identifies a faint and can prevent  

expensive and time-consuming investigations.
 ■ Look for gradual onset-gradual offset syncope.
 ■ A simple faint never occurs with the patient in the 

recumbent position.

 ■ Precipitating circumstances of simple faint include 
exhaustion, hunger, prolonged standing or sitting in 
a hot, crowded room, sudden, severe pain or trauma, 
venipuncture, fright, and sudden emotional stress. 

 ■ There is virtually always a warning period spanning 
seconds to minutes. One or more of the following 
heralds the faint: weakness, nausea, abdominal  
discomfort, diaphoresis, unsteadiness and blurring of 
vision. Vertigo is not a symptom associated with a faint.

New Treatment Based on Pathophysiology

 ■ A combination of vasodepressor and vasovagal (brady-
cardic) features results in the faint; the vasodepressor 
component, with sudden reduction in BP, plays an 
important role in loss of consciousness. Bradycardia 
plays a secondary role.

 ■ Marked peripheral vasodilation causes temporary but 
profound hypotension. The marked vasodilation is 
caused by the inhibition of sympathetic vasoconstrictor 

Flowchart 13.1: Algorithm for the assessment of syncope.

(ACE: Angiotensin-converting enzyme).
*Approximate incidence
Source: Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders, Elsevier Science; 2006.
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activity at the moment when arteriolar vasoconstric-
tion is necessary to combat the marked decline in BP. 
An increase in myocardial contractility occurs 2–4 
minutes before the onset of syncope.

 ■ Return of consciousness occurs in a few seconds to 
1 minute, if the individual remains flat on the ground 
with the legs elevated.

 ■ Sight of blood, sudden traumatic pain, fright, panic, 
severe anxiety and many other precipitants cause 
sudden untold stress in susceptible individuals. This 
stressful situation is like a gun shot to the head and 
reaches the brain, but the person may not feel a stress. 

 ■ Syncope is caused by a catecholamine insult that 
nature’s counteractive measures fail to ameliorate in 
susceptible individuals (Flowchart 13.3).

 Carvedilol α activity and vasodilation is counter-
protective.

 ■ Sympathetic stimulation causes marked peripheral 
vasodilation and an acute fall in BP despite a marked 
increase in myocardial contractility. 

 ■ A nonselective beta-blocker, β1, β2 activity: Propranolol 
and timolol can block the vasodilator effect of circu-
lating epinephrine mediated at β2 receptors thus mask-
ing α-adrenergic receptor-mediated vasoconstriction 

(Flowchart 13.3). An increase in total peripheral resist-
ance would cause a sufficient rise in BP that should 
abort the syncopal event.

 ■ Drug treatment may be needed in patients with  
recurr ent neurocardiogenic syncope, having excluded 
bra dyarrhythmias.

 ◆ Propranolol long-acting 80–120 mg in nonsmokers; 
increase, if needed, to 240 mg LA.

 ◆ Timolol 2.5–5 mg twice daily (in smoker or non-
smokers). 

 ◆ Timolol use caused a remarkable 67% reduction 
in sudden deaths post-myocardial infarction (MI) 
and total mortality over 2 years follow-up. This is 
the only beta-blocker to show such a remarkable 
reduction in outcomes.

 ◆ Timolol, or propranolol during severe stress should 
cause greater peripheral arteriolar vasoconstric-
tion than does atenolol or other cardioselective 
beta-blockers and should provide salutary effects.

 ◆ Atenolol and metoprolol or other cardioselective 
agent are not advisable. Small studies have been 
done with metoprolol with no real success.

 ■ Syncope is caused by a catecholamine insult similar 
to sudden death caused by MI. Large soundly run  
randomized controlled trials (RCTs) should be carried 
out with small doses of these agents in patients with 
recurrent neurocardiogenic syncope (tilt testing 
should be avoided in such RCTs, as it is a confounding 
factor).

 ■ Reconditioning is the cornerstone of therapy in this 
benign condition. Exercises such as the proper use of 
the muscle pump in the legs done daily or standing 
upright against a wall for 30 minutes daily for a few 
weeks, then 15 minutes 3 days weekly, strengthen the 
autonomic system.

LONG-QT SYNDROME
Children and young adults with mysterious fainting  
episodes or “blackouts” are often misdiagnosed as having 
epilepsy or simple fainting and can experience an unex-
plained sudden death. The average age of patients with 
these preventable deaths is 8–16 years, although risk  
continues through adulthood. These blackouts are usually 
caused by torsades de pointes, which is transient and  
rapidly reverts to normal rhythm.

 ■ Episodes are precipitated by acute stress, anger or 
fright, the sound of a siren, thunder, telephone ringing 
or a clock alarm, and vigorous exertion. 

Flowchart 13.2: Algorithm for evaluating patients with dizziness.
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their antiarrhythmic efficacy in LQTS. Propranolol was 
superior to both nadolol and metoprolol in terms of short-
ening the cardiac repolarization time, particularly in high-
risk patients with markedly prolonged QTc. Propranolol 
and nadolol were clinically effective in  preventing events, 
metoprolol was not.

POSTURAL HYPOTENSION
Several cardiac medications may cause postural hypo-
tension, particularly in elderly patients. Perform the  
following:

Flowchart 13.3: Pathophysiology and suggested treatment for recurrent cardiogenic syncope. 

*Beta-blockers are not all alike (Khan 2005); need β2 blockade: timolol or propranolol (beta-1 beta-2 blockers). Use lipophilic agent 
to gain high brain concentration, not cardioselective: metoprolol or bisoprolol. Atenolol not recommended for any indication, a poorly  
effective drug.

 ■ A family history positive for fainting spells or unex-
plained sudden death is often present. This condition 
is diagnosable only by an ECG; a simple, inexpensive 
test. When the diagnosis is made, the whole family 
should be screened. 

 ■ Congenital deafness and long QT is a rare form of the 
syndrome.

 Propranolol has proven useful in the congenital 
 long-QT syndromes (LQTS). Chockalingam et al. (2012) 
based on a multicenter study recommend treatment of 
symptomatic long QT (LQT1) and LQT2 patients with 
 propranolol, as clearly not all beta-blockers are equal in 
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 ■ Check the BP with the patient recumbent for at least 
3 minutes and then standing; a reduction in systolic 
BP of more than or equal to 20 mm Hg represents 
 ortho static hypotension.

 ■ Check for evidence of a decrease in preload. Preload-
reducing agents include nitrates, angiotensin-convert-
ing enzyme (ACE) inhibitors, and α1-blockers. Blood 
loss and dehydration are obvious causes; a hidden 
cause of the latter is Addison’s disease.

 ■ Inquire about the use of medications that cause arte-
rial dilation, in particular, α1-adrenergic blockers such 
as prazosin and labetalol, ganglion-blocking drugs, 
levodopa, bromocriptine and, rarely, nifedipine.

 ■ If drug use is excluded, postural hypotension may 
be caused by autonomic imbalance or neurologic 
 diseases. Neuropathy, especially secondary to diabetes, 
Shy-Drager syndrome, and other neurologic prob-
lems, must be excluded (see Flowchart 13.1).

DIAGNOSTIC TESTING
 ■ Complete blood count, electrolytes and creatinine
 ■ Obtain an ECG and a long rhythm strip of leads II  

and V1.
 ■ If second-degree atrioventricular (AV) block or com-

plete heart block is considered, attach the patient to a 
cardiac monitor and call the resident.

Head-up Tilt Testing
Although commonly done in tertiary hospitals, tilt testing 
is not necessary for confirming the diagnosis of neuro-
cardiogenic syncope and is not recommended. Tilt testing  
causes minor degrees of asystole, but asystole occasion-
ally can be prolonged and can cause cerebral damage, 
and several deaths have been reported. It is illogical to per-
form this test to verify the diagnosis of a benign condition 
that can be obtained from a skillful history. There is a case  
report of a surgeon who had a syncopal episode while 
 performing surgery, and later during a tilt test he had a 
stroke.

MANAGEMENT

Orthostatic Hypotension
Review underlying causes outlined previously:

 ■ Autonomic neuropathies and autonomic failure may 
respond to increased sodium intake or 

 ■ Fludrocortisone: 0.1–0.2 mg daily, and in some 
instances, a trial of clonidine patch. 

 ■ Orthostatic hypotension caused by autonomic failure 
can be managed, in properly selected patients, with 
midodrine, a selective postsynaptic α1-adrenergic 
agonist. Salutary effects are caused by an increase in 
arterial and venous tone; venous pooling is prevented.

 ◆ Dosage is initially 2.5 mg three times daily with 
monitoring of supine BP, then increased in 2.5-mg 
increments at weekly intervals to a maximum of 
10 mg three times daily.

 ◆ Caution is needed because midodrine may cause 
supine hypertension that can precipitate heart 
failure, myocardial ischemia, infarction, or stroke 
in susceptible individuals. Urinary retention is an 
important adverse effect in elderly men. The drug 
is contraindicated in patients with significant coro-
nary heart disease, heart failure, renal failure, urinary 
retention, thyrotoxicosis and pheochromocytoma; 
care is necessary when decreasing the dose and 
increasing the dosing interval in patients with renal 
dysfunction. The drug is not generally prescribed in 
the UK and some countries.

Cardiac Causes
The major cause of cardiac syncope is a decrease in  
cardiac output secondary to reduced heart rate or inef-
fectual cardiac contractions secondary to arrhythmia.  
Obvious cardiac causes of syncope are listed in Table 13.1.

 ■ Sick sinus syndrome: Severe bradycardia (30–40 beats/
min), sinus arrest, and bradyarrhythmias or tachy-
arrhythmias may cause lightheadedness, dizziness, 
confusion, memory loss, or syncope. One or more of 
these associated symptoms usually produces a 1–10 
seconds warning before syncope; syncope can occur 
without warning, however, in these patients, and 
injuries can occur. The ECG may be normal or show 
evidence of previous infarction, bradycardia, or sinus 
arrest. Repeated 48-hour Holter monitoring gives 
approximately a 70% chance of detecting a significant 
arrhythmia. Discontinue verapamil, diltiazem, digi-
talis, beta-blockers, class 1 antiarrhythmic agents, and 
amiodarone, which can cause severe bradycardia, AV 
block and asystole in susceptible individuals. 

 ■ AV block, Stokes-Adams attacks, or Mobitz type II or 
third-degree AV block: These may suddenly cause  
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transient asystole or ventricular fibrillation. The 
uncon scious patient appears extremely pale and, on 
arousal, becomes flushed as blood rushes to the head. 
Cardiac pacing should be instituted.

 ■ Long QT syndrome: Syncope in children and young 
adults with a positive family history may be caused 
by long QT syndrome. The ECG is the only means of 
diagnosis; a QT interval of more than 0.48 second is 
diagnostic, between 0.46 and 0.48 second is suspi-
cious, and between 0.42 and 0.46 second often results 
in misdiagnosis. The QT interval is influenced by heart 
rate, age, and sex and must be analyzed carefully in 
individuals with unexplained blackouts. At age 1–15 
years, the QT interval is considered prolonged in 
males if it is more than 0.45 second and in females, if 
it is more than 0.47 second; the normal interval in men 
is less than 0.43 second and in women is less than 0.45 
second. Beta-blockers have proved useful inselected 
cases. Propranolol, 80–160 mg daily, or a beta-blocker 
without agonist activity is preferred. Atenolol is not 
recommended.

 ■ Carotid sinus syncope: The history of syncope occur-
ring with sudden turning of the head, shaving, or a 
tight shirt collar should alert the physician. Episodes 
may occur in clusters or with dizzy spells. Carotid sinus 
massage should be done with resuscitative equip-
ment standing nearby. Do not attempt carotid mas-
sage without discussing it first with your resident and 
staff physicians; complications are transient ischemic 
attack, rare hemiplegia and asystole. There is a high 
spontaneous remission rate. Pacing is rarely required.
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CHOLESTEROL
It is estimated that by the next decade, annually approxi-
mately 10 million individuals will die from acute myocar-
dial infarction (MI).

 ■ Blood cholesterol in the low-medium range 4.9–6.0 
mmol/L (approximately 190–240 mg/dL) is associated 
with most heart attacks. 

 ■ Yusuf et al. (2004) reported on an extensive case-con-
trol study in 52 countries. Nine modifiable risk factors 
were all significantly related to acute MI; abnormal 
lipids, smoking, hypertension, diabetes, abdominal 
obesity, psychosocial factors, lack of daily consump-
tion of fruits and vegetables, dietary indiscretion and 
regular physical activity.

 ■ Millions of individuals aged 40–70 years who engage 
in driving vehicles daily in heavy traffic would die from 
acute MI because the exhaust constituents are as dan-
gerous as cigarette smoking.

 The main causes for elevated blood cholesterol are 
high intake of saturated fats and trans-fatty acids, diabetes, 
and a relative decrease in low-density lipoprotein (LDL) 
receptors that mop up cholesterol from the blood.

LOW-DENSITY LIPOPROTEIN- 
CHOLESTEROL
There is no doubt that elevated LDL-C is the main culprit 
underlying the development of atheroma in arteries of 
vital organs: heart and brain causing angina, heart attacks, 
and the majority of strokes.
 The American College of Cardiology/American Heart 
Association (ACC/AHA) 2014 guidelines shift away from 
targets. A 30–40% reduction from baseline for those at risk 
is advised. This advice relates only to those at risk age of 
approximately 45–75 years is not logical because it is too 
late in the game; usually age of 50–70 years when atheroma 
is prominent and most symptomatic. At this age atheroma 

has developed and a 30–40% even 50% reduction is neces-
sary, but even here setting a goal less than 1.2 mmol/L, 1.4 
mmol/L or 1.8 mmol/L depending on risks is essential. If 
a 40% reduction is achieved but the LDL-C is 1.9 mmol/L 
the goal set for very high-risk at 1.4 is not reached. Setting a  
goal would assist patient compliance and physician inter-
action. 

Atheroma
The word atheroma is derived from the Greek “athere” 
meaning porridge or gruel. When a plaque of atheroma 
is taken from a coronary artery or aorta and cut open, 
one can see a gelatinous, porridge-like material. When 
atheromatous plaques rupture, the porridge-like mate-
rial exudes out and is exposed to the circulating blood; 
the material is highly thrombogenic and occlusion of the 
artery by plaque and thrombus occur. Extensive research 
is required to prevent atheroma formation and its progres-
sion to erosion and rupture.
 Atheroma is the cause of fatal and nonfatal MI. LDL-C 
is the main culprit, other atherogenic lipoproteins are 
important but of lower order.

 ■ To prevent the epidemic caused by, atheroma, warn-
ings must be noted from familial homozygous disease  
in which total cholesterol is greater than 2,000 mg/dL 
(51 mmol/L), and LDL-C greater than 20 mmol/L and 
plaques of atheroma abound in coronary and vital 
arteries from about age of 14 years.

 Born in 1949, a boy had at birth: cholesterol, 951 mg/dL 
(24 mmol/L) and cutaneous xanthomas on the extensor 
surfaces of arms, legs, gluteal folds and Achilles tendons. 
At the age of 7 years he was hospitalized and died.

 ■ Autopsy review in 2003 showed: The aortic valve con-
tained atherosclerotic lesions, along the aortic aspect 
of each cusp. Microscopic examination showed 
plaques rich in lipid-laden foam cells similar to 
that of vascular atherosclerosis. His cholesterol was  
951 mg/dL (24 mmol/L). Atherosclerotic plaques were 
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present throughout the thoracic aorta. The circumflex 
coronary artery was involved by chronic atherosclero-
sis and acute thrombosis, which was considered the 
cause of death (Rajamannan 2003).

 We are now certain that LDL-C is the major culprit for 
atheroma formation; other particles including high-den-
sity lipoprotein-cholesterol (HDL-C) are important but are 
of lower order. 

Asteroid
Rosuvastatin administration of 40 mg/day achieved an 
average LDL-C of 60.8 mg/dL (1.56 mmol/L) and increased 
HDL-C by 14.7%. This marked amelioration of lipid levels 
(approximately 30% reduction) caused significant regres-
sion of atheroma for all three prespecified intravascular 
ultrasound (IVUS) measures of disease burden (Nissen 
et al. 2006). Clear evidence that coronary atheromatous 
plaques can regress significantly when LDL-C is markedly 
lowered.
 Ezetimibe administration also showed plaque regres-
sion: patients randomized to atorvastatin plus ezetimibe 
therapy experienced a greater reduction in the percentage 
of atheroma volume than those randomized to atorvasta-
tin, and it may be due to the lower mean LDL-C (Tsujita  
et al. 2015).

Low-density Lipoprotein Cholesterol 
Blood Testing Centers
It is crucial for government and other agencies to set up 
centers to screen all individuals, men age of approximately 
30 years and females of approximately 40 years.
 Lower is better: The LDL-C in these individuals must 
be less than 2.5 mmol/L (96 mg/dL). Total cholesterol less 
than 4.4 mmol/L.
 These individuals are assessed only once to minimize 
expense for a blood testing center sponsored by voluntary 
granting bodies. Dietary advice can be given and a physi-
cian visit advised for those who exceed the goal.
 In the general population the main causes for elevated 
blood cholesterol are high intake of saturated fats and 
trans-fatty acids, diabetes, and a relative decrease in LDL 
receptors that mop up cholesterol from the blood. Blood 
cholesterol in the range of 5.0–6.5 mmol/L (190–250 mg/dL) 
and LDL-C 3.1–3.9 mmol/L (124–150) mg/dL is associated 
with most heart attacks.

Causes of Low-density Lipoprotein 
Cholesterol Elevation
Secondary dyslipidemias include:

 ■ Diabetes
 ■ Hypothyroidism 
 ■ Kidney disease–Nephrotic syndrome, glomerulone-

phritis, chronic renal failure 
 ■ Liver disease–Biliary cirrhosis, obstructive jaundice 
 ■ Alcohol abuse.

 Dietary–High saturated fat and trans-fatty acid intake 
does increase total and LDL-C blood levels.
Primary dyslipidemias include:

 ■ Hypercholesterolemia–Heterozygous familial and 
homozygous familial 

 ■ Rare–Polygenic.

Management of Elevated Low-density 
Lipoprotein Cholesterol
Statins are the mainstay of treatment. Atorvastatin and 
rosuvastatin significantly cause approximately 33–50% 
lowering of LDL-C in most individuals except in those 
with heterozygous disease. The other statins cause only a 
20–25% lowering at average, reasonable dosage and if used 
should be combined with ezetimibe.

 ■ Statins and now ezetimibe are proven in randomized 
clinical trials (RCTs) to save lives in patients at high-
risk.

 ■ The statins are competitive inhibitors of 3-hydroxy-
3-methylglutaryl coenzyme A reductase (HMG-CoA), 
the key enzyme catabolizing the early rate-limiting 
step in the biosynthesis of cholesterol within the 
hepatocyte.

 All patients determined to be at high-risk (see high-risk)  
are advised to aim for an LDL-C less than 1.8 mmol  
(<70 mg/dL). This is best achieved with atorvastatin or 
rosuvastatin the two most powerful agents currently  
available.

Caution
 ■ Dosage used for individuals of Asian and African ori-

gin is approximately 50% less than recommended for 
individuals of other ethnicities.

 ■ Small doses cause considerable lowering of LDL-C in 
these people.

 ■ Simvastatin has been used worldwide for several years 
and was used successfully in RCTS (see 4 S study 1994). 
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Although the drug is inexpensive, a major drawback is 
a high-incidence of serious interactions with several 
drugs (see interactions). If the drug is used, it is advis-
able not to exceed 40 mg daily and to assess concomi-
tant drug use.

Statins Adverse Effects
 ■ The adverse effects are well-known: muscle ache, rare 

rhabdomyolysis can cause severe muscle pain, liver 
damage, kidney failure and death. Rhabdomyolysis 
can occur when used in combination with certain 
drugs particularly when on high-dose of statins. 

 ■ Liver damage, rarely neuropathy and even memory 
loss are a concern.

 ■ The Food and Drug Administration (FDA) has issued a 
warning on statin labels regarding blood glucose levels 
and diabetes (see Chapter 3 for detailed discussion on 
this topic).

Atorvastatin 
Supplied: 10 mg, 20 mg, 40 mg, 80 mg
 Dosage: Commence with 10 mg/d with or without 
food; assess liver function and LDL-C after approximately 
3 months and increase dose gradually to achieve a goal 
that should be determined for each patient depending on 
risks. Twenty mg should suffice in more than 50% of Asian 
and African patients, including diabetics. After an acute 
MI give 60 mg for a few months (80 mg is used in Europe 
and in North America) then reduce dose to approximately  
40 mg daily for a month or two then 20 mg maintenance to 
achieve LDL-C less than 1.8 mmol/L in high-risk and less 
than 1.4 mmol/L in very high-risk patients.
Caution: Avoid combination with: 

 ■ Niacin, diltiazem, gemfibrozil, fenofibric acid (fibricor, 
trilipix), or fenofibrate, telaprevir

 ■ Antibiotics such as clarithromycin, azithromycin, ery-
thromycin 

 ■ Antifungal medicines: fluconazole, itraconazole, keto-
conazole or voriconazole 

 ■ Human immunodeficiency virus (HIV) medications: 
darunavir, fosamprenavir, ritonavir or lopinavir, nelfi-
navir, saquinavir or tipranavir

 ■ Medicines that contain niacin: Advicor, Niaspan,  
Niacor, Simcor, Slo-Niacin, and others; or steroids, 
cancer medicine

 ■ Medicines used to prevent organ transplant rejection, 
such as cyclosporine, sirolimus or tacrolimus.

Rosuvastatin
Supplied: 5 mg, 10 mg, 20 mg, 40 mg tablets
 Dosage: Commence on the smallest dose, 5 mg daily 
increase to 10 mg in a few months, 20 mg suggested maxi-
mum in elderly (age > 70 years) and patients of Asian 
ancestry (Chinese, Filipino, Japanese, Korean, Vietnamese, 
or Asian-Indian origin). Maximum 20 mg for most patients 
including acute coronary syndrome increase to attain goal 
but 30 mg may be required with ezetimibe added. 
 Caution: If mild renal failure is present; maximum dose 
10 mg if the estimated glomerular filtration rate (eGFR) is 
50–60 mL/min or age of 80 years or older. 
Do not use if

 ■ eGFR less than 45: plasma concentrations of rosuvas-
tatin increased to a clinically significant extent (about 
threefold) in patients with severe renal impairment 
[creatinine clearance (CrCl) < 30 mL/min/1.73 m2] 
compared with healthy subjects (CrCl > 80 mL/min)

 ■ Cyclosporine needed
 ■ Taking other cholesterol-lowering medication such as 

fibrates (e.g. gemfibrozil, fenofibrate) or niacin
 ■ Allergic to sulfur 

 Rosuvastatin clearance is not dependent on metabo-
lism by cytochrome P450 3A4 to a clinically significant 
extent. This has been confirmed in studies with known 
cytochrome P450 3A4 inhibitors (ketoconazole, erythro-
mycin, itraconazole) but for some drugs caution is still 
required.

 ■ Warfarin: Coadministration of warfarin with rosuvas-
tatin (40 mg) did not change warfarin plasma concen-
trations but the drug may increase the international 
normalized ratio (INR).

 ■ Gemfibrozil: Coadministration of gemfibrozil (600 
mg twice daily for 7 days) with rosuvastatin (80 mg) 
resulted in a 90% and 120% increase for the area 
under the concentration time curve (AUC) and maxi-
mum concentration observed (Cmax) of rosuvastatin, 
respectively.

 ■ It is recommended that liver function tests be per-
formed before and at 12 weeks following both the ini-
tiation of therapy and any elevation of dose.

 ■ Caution, if inadequately treated hypothyroidism.

Pravastatin
Supplied: 10 mg, 20 mg, 40 mg tablets.
 Dosage: 10–20 mg at bedtime increase in 3–4 months 
as required; average maintenance 20 mg but 10 mg main-
tenance for age more than 75 years, maximum 20 mg. 
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Simvastatin 
Supplied: 5 mg, 10 mg, 20 mg, 40 mg, 80 mg
 Dosage: 5 mg or 10 mg with evening meal. If needed, 
increase to 20 mg once daily.
 Caution: Maximum 40 mg; if no interacting drugs.
Asian and African patients 10–20 mg (see interactions). I 
do not advise this drug because of many interactions.

Recommendation Depends on Risk 
for Myocardial Infarction 

High-risk 
These are my recommendations; follow if you wish; they 
are different from ACC/AHA guidelines:
1. Diabetic and nondiabetic patients with known coro-

nary artery disease (CAD) including acute MI or  
following an MI, unstable angina, stable angina: the 
goal is 1.3–1.8 mmol/L

2. Type 2 diabetics with a positive family history of MI 
goal 1.4–1.9 mmol/L following a stroke believed caused 
by atherothrombosis: Goal 1.8–2.5 mmol/L (lower  
levels appear to increase hemorrhagic stroke).

3. Patients with LDL-C levels greater than or equal to 4.9 
mmol/L (190 mg/dL) but no evidence of atheromatous 
disease and no family history of it: Goal 2.5–3 mmol/L; 
this subset of patients are rare and low LDL-C goals are 
difficult to achieve without combination-drug to lower 
adverse effects.

 For Asian and African patients give 50% lower dose 
than Western guideline.

INTERACTIONS: MAY OCCUR WITH
Colchicine: Warning severe myopathy and renal damage 
may occur; also with cyclosporine; amiodarone fusidic acid 

 ■ Protease inhibitors in patients with HIV infection, e.g. 
atazanavir, nelfinavir, lopinavir, indinavir, ritonavir, 
tipranavir.

 Caution: Withhold all statins for a few days if on anti-
biotics, sepsis, hypotension, dehydration, major surgery, 
trauma, severe metabolic, endocrine and electrolyte dis-
orders.
 Stop statins while antibiotics are taken. 
 An extensive FDA search on statin-associated rhabdo-
myolysis, covering the period from January 1990 through 
March 2002, showed that among 3,339 reports of rhabdo-
myolysis, almost equal to 58% of the cases were associated 

with concomitant medications affecting statin metabolism, 
including fibrates, cyclosporine, itraconazole, ketoconazole, 
macrolide antibiotics (clarithromycin, erythromycin, azithro-
mycin), warfarin, digoxin, azole antifungals.

Caution, Avoid with
 ■ Niacin, fibrates, nefazodone, protease inhibitors 

(amprenavir, indinavir, nelfinavir, ritonavir, saquinavir), 
sildenafil.

 ■ Coadministration of multiple doses of 10 mg of amlodi-
pine with 80 mg simvastatin resulted in a 77% increase 
in exposure to simvastatin compared to simvastatin 
alone. Limit the dose of simvastatin in patients on 
amlodipine to 20 mg daily. No more than 10 mg simv-
astatin for patients taking amlodipine and ranolazine, 
amiodarone, verapamil and diltiazem.

 ■ Elderly patients of 70–75 years should lower all drug 
doses—simvastatin 10 mg.

 ■ The administration of statins to patients receiving war-
farin causes a small potentiation of the anticoagulant 
effect, requiring a warfarin dosage reduction, and a  
FDA report has documented cases of rhabdomyoly-
sis when all statins were given in combination with 
warfarin. The mechanism underlying the interaction 
between statins and warfarin is due to a competition at 
the cytochrome level.

 Do not use: Child bearing 18–44 years old.

EZETIMIBE
This agent is the first of a new class of cholesterol absorp-
tion inhibitors with demonstrated clinical benefits in lipid 
lowering. This drug localizes to the brush border of the 
small intestinal enterocyte and inhibits enterocyte cho-
lesterol uptake and absorption. It further inhibits intesti-
nal cholesterol uptake and absorption prior to cholesterol 
reaching acetyl-CoA-acyltransferase (ACAT) and therefore 
is not an ACAT inhibitor.
 In the IMPROVE-IT Trial (Cannon et al. 2015): The 
beneficial effects of ezetimibe were found to be particu-
larly pronounced in patients with diabetes, with a recent 
coronary event Ezetimibe reduces sitosterol blood levels in 
diabetics (see Chapter 17).
 Tsujita et al. (2015) reported that patients randomized 
to atorvastatin and ezetimibe therapy experienced a 
greater reduction in the percentage of atheroma volume 
than those randomized to atorvastatin, and it may be due 
to the lower mean LDL-C achieved. However, Crea and 
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Niccoli argued and hypothesized that cholesterol lowering 
itself does not appear to explain the greater reduction in the 
percentage of atheroma volume with convincing and intri-
guing pleiotropic effects of ezetimibe (Crea and Niccoli 2015).

 ■ In patients with genetic familial hypercholesterolemia 
resistant to 80 mg of atorvastatin with LDL-C greater 
than 220 mg/dL, the addition of 10 mg of ezetimibe 
reportedly has led to a reduction to less than 180 mg/dL. 
RCTs are needed.

 ■ Sitosterolemia is a genetic defect that has been 
recently uncovered. This very rare, inherited disorder 
causes increased absorption and decreased excretion 
of plant sterols, particularly sitosterol, the blood levels of 
which increase and appear to cause premature growth 
of atheroma. In RCT, 10 mg of ezetimibe for 8 weeks 
caused a 21% decrease in sitosterol levels versus a 4% 
increase in placebo patients (see Chapter 17).

 ■ Plaque regression with cholesterol absorption inhibi-
tor or synthesis inhibitor evaluated by intravascular 
ultrasound (PRECISE-IVUS).

 ■ Ezetimibe is a valuable addition to our therapeutic 
armamentarium as it is effective and allows for the use 
of moderate doses of statins in resistant cases of hyper-
cholesterolemia; this will avoid adverse effects of high-
dose statin therapy (60–80 mg of atorvastatin, > 20 mg 
of rosuvastatin). The administration of ezetimibe will 
render bile acid resins obsolete.

Supplied
 ■ 10 mg tablets

Dosage
Ten mg once daily, with or without food:

 ■ A dose of 10 mg reduces LDL-C a modest 16%.
 ■ Coadministration of ezetimibe (10 mg) and simvastatin 

(40 mg) caused a mean LDL-C lowering of approxi-
mately 40% but when used alone only approximately 
15% lowering of LDL-C is achieved.

Adverse Effects
Headache, gastrointestinal disturbances, myalgia; rarely 
arthralgia, hepatitis, very rarely pancreatitis, cholelithiasis, 
cholecystitis, raised creatine kinase, myopathy, and rhab-
domyolysis; hypersensitivity reactions (including rash, 
angioedema and anaphylaxis), also, fever, headache, muscle 
pain, runny nose, sore throat, back pain, body aches or 
pain, chest pain, chills, cold or flu-like symptoms, conges-
tion, coughing and diarrhea.

Interactions
The drug is partly metabolized in the liver, thus some inter-
actions with other drugs may occur: cyclosporine, cholest-
yramine, fibrates.

Cancer Risk
Simvastatin and Ezetimibe in Aortic Stenosis (SEAS) study 
randomized 1,873 patients to receive either a combination 
of simvastatin (40 mg daily) and ezetimibe (10 mg daily) 
or a matching placebo. After a median of 52.2 months of 
follow-up, LDL levels in the combined therapy group were 
reduced by 53.8%, compared with 3.8% in the placebo 
group, but no between-group difference was observed 
in the primary endpoint, a composite of events resulting 
from aortic valve disease, atherosclerotic disease or both. 
 The risk for cancer with statins or combination appears 
to be increased with LDL levels less than 1.2 mg/dL main-
tained for several years. The cancer risk with statin therapy 
beyond 10 years is unknown, at a 4-year follow-up, the 
incidence of cancer was significantly higher in the com-
bined therapy group than in the placebo group [105 (11.1%) 
vs 70 (7.5%); P = 0.01]. A 67% increase was seen in the rate 
of cancer deaths [39 (4.1%) vs 23 (2.5%); P = 0.05]. Shor  
et al. (2007) in a small study found that the low serum 
LDL-C level was associated with increased risks of hema-
tological cancer.

TRIGLYCERIDES
The role of elevated blood triglycerides as an independent 
risk factor for CAD remains controversial. Normal blood 
levels range from 0.45 to 2.25 mmol/L (40–200 mg/dL) 
hypertriglyceridemia is commonly associated with diabetes, 
obesity and alcohol abuse.

 ■ Elevations greater than 4 mmol/L respond dramati-
cally to weight loss, exercise and cessation of alcohol. 
In the majority, medications are usually not necessary. 
Hypercholesterolemia unfortunately is not reduced by 
exercise and weight loss.

 ■ In patients where the cause of increased triglyceride 
levels is due to alcohol abuse, cessation of alcohol 
consumption causes nearly complete correction of the 
problem. 

 ■ Drugs are only recommended for elevations of more 
than 5 mmol/L (500 mg/dL) despite cessation of  
alcohol, and combination of marked weight loss and 
exercise. 
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 ■ Fibrates such as fenofibrate produce about 33% low-
ering of triglyceride levels. With the use of this agent, 
combined with weight reduction and exercise, the 
abnormality can be corrected in the majority.

 ■ Microcoated fenofibrate 100 mg, 145 mg and 160 mg 
once daily are effective formulations that are useful in 
diabetes with dyslipidemia accompanied by elevations 
of triglycerides, low HDL-C, and minimal elevations of 
LDL-C. In the fenofibrate intervention and event low-
ering in diabetes (Keech et al. 2005), fenofibrate did 
not significantly reduce the risk of the primary out-
come of coronary events.

 ■ The drug reduced total cardiovascular events, mainly 
due to fewer nonfatal MIs (Keech et al. 2005).

 ■ Action to control cardiovascular risk in diabetes 
(ACCORD) fenofibrate-simvastatin study group ran-
domly assigned 5,518 patients with type 2 diabetes 
who were being treated with open-label simvastatin to 
receive either masked or placebo. The primary outcome 
was the first occurrence of nonfatal MI, nonfatal stroke, 
or death from cardiovascular causes (The ACCORD 
Study Group 2010).

 Results: At a mean follow-up of 4.7 years, the annual 
rate of the primary outcome was 2.2% in the fenofibrate 
group and 2.4% in the placebo group. In addition, there 
were no significant differences with respect to any sec-
ondary outcome. Annual rates of death were 1.5% in 
the fenofibrate group and 1.6% in the placebo group  
(P = 0.33). Prespecified subgroup analyzes suggested 
possible harm for women (P = 0.01 for interaction). 
The combination of fenofibrate and simvastatin did not 
reduce the rate of fatal cardiovascular events, nonfatal 
MI, or nonfatal stroke, as compared with simvastatin 
alone.

 ■ These results do not support the routine use of com-
bination therapy with fenofibrate and simvastatin to 
reduce cardiovascular risk in high-risk patients with 
type 2 diabetes (The ACCORD Study Group 2010).

NIACIN
The AIM-HIGH Investigators trial 2011, was halted for 
futility and a small excess of ischemic strokes in the niacin 
group. This drug should be considered obsolete; use is not 
justifiable yet continues to be prescribed (Khan 2015).

Caution
Avoid in patients with acute MI, heart failure, gallbladder 
disease, past history of jaundice, liver disease, peptic ulcer 

and diabetes mellitus. If a drug is not safe to be used in 
patients with acute MI, that should be evidence for non-
usage of the drug. A case of fulminant liver failure has been 
reported in a patient soon after switching from nicotinic 
acid tablets taken for 1-year to a sustained-release prepa-
ration (Mullin et al. 1989) several cases of hepatic necrosis 
has been reported. Because of the adverse effects with little 
gain for patients, the drug was labeled not recommended 
by the author (Khan 2015) and it should not be combined 
with statins. It is time to retire niacin (Giugliano 2011). I 
agree; I deleted this drug in 1995.

New Agents
Proprotein convertase subtilisin kexin 9 (PCSK9) inhibitors:

 ■ Alirocumab and evolocumab, cause 30–55% reduction 
in LDL-C levels, the FDA committee approved these 
two drugs for adults with heterozygous or homozy-
gous familial hypercholesterolemia (nonfamilial or 
heterozygous familial patients unable to take statins).  
Evolocumab studies also included patients with 
homozygous familial hypercholesterolemia.

 ■ The high cost and requirement for parenteral adminis-
tration of PCSK9 inhibitors will limit their use.
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INTRODUCTION

The most common diagnoses that must be considered are:
 ■ Severe aortic stenosis: This can cause syncope, unstable 

angina, congestive heart failure or sudden death.
 ■ Severe aortic regurgitation.
 ■ Severe mitral stenosis: The soft diastolic murmur is 

overshadowed by the louder murmur of the often asso-
ciated mitral regurgitation. With tight stenosis, a fast 
heart rate caused by simple sinus tachycardia or atrial 
fibrillation severely impedes left ventricular filling and 
results in fulminant pulmonary edema. This condition 
can be life-threatening in a pregnant patient and can 
be easily prevented by the use of a beta-blocker.

 ■ Severe mitral regurgitation precipitated by infective 
endocarditis, acute myocardial infarction, and rup-
tured chordae or flail mitral leaflet in patients with 
myxomatous mitral valve prolapse.

AORTIC STENOSIS
Rheumatic aortic stenosis remains a common problem 
in Asia, Africa, the Middle East and Latin America. The 
patient’s age at the time of diagnosis usually gives a reaso-
nable assessment of the underlying disease.

 ■ Diagnosis before age of 30 years is typical of congenital 
aortic stenosis.

 ■ In patients greater than 70 years old, calcific aortic 
sclerosis secondary to degenerative calcification is 
common, and significant stenosis develops in 5% of 
these individuals.

 ■ A bicuspid valve (Figs. 15.1A and B) occurs in 2–3% of 
the population, with a male-to-female ratio of 4:1, and 
is predisposed to degenerative calcification.

 ■ Between the ages of 40 years and 70 years, calcification 
of a bicuspid valve is the most common cause of aortic 
stenosis in the USA and Canada but rheumatic disease 
remains prominent in Asia, Africa and South America. 

Figs. 15.1A and B: Bicuspid aortic valve. Two-dimensional transesophageal echocardiogram showing a bicuspid aortic valve imaged 
in long (A) and short (B) axis views. The arrow in A point to valve redundancy and prolapse into the left ventricular (LV) outflow tract. In 
B, the cusps are vertically oriented and appear to be equal in size.
(AO: Aorta; LA: Left atrium; RA: Right atrium; RV: Right ventricle; TV: Tricuspid valve).
Source: Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 2014. p. 1914.
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Physical Signs
 ■ A systolic crescendo-decrescendo murmur is best 

heard at the left sternal border, the second right inter-
space, or occasionally at the apex, with radiation to 
the neck.

 ■ The timing of the peak intensity of the murmur is a 
more reliable sign of severity of aortic stenosis than 
is the intensity of the murmur. Severe stenosis is indi-
cated by a murmur that peaks late in systole.

 ■ The longer the murmur, the greater the gradient.
 ■ The intensity of the murmur, in the absence of signifi-

cant aortic regurgitation, is usually grade 3 or greater 
except if cardiac output is low, as with heart failure; 
then, even a grade 2 murmur may be in keeping with 
severe stenosis. Aortic regurgitation increases flow 
across the aortic valve and may produce a loud systolic 
murmur without stenosis.

 ■ The patient has an absent or very soft aortic compo-
nent of the aortic second sound (A2). With increased 
calcification, mobility of the valve leaflets is reduced; 
the closing sound of the aortic valve becomes soft or 
even lost. The soft pulmonary second heart sound (P2) 
produces a soft, single S2. Paradoxical splitting of S2 
may occur, but it is uncommon.

 ■ S4 gallop is usually present and is highly significant. A 
thrill is commonly present over the base of the heart or 
the carotid arteries; this indicates a murmur of grade 4 
or louder and may relate to the severity of aortic stenosis 
if aortic regurgitation is absent.

 ■ A thrusting, forceful apex beat of left ventricular hyper-
trophy (LVH) is heard; the apex beat is usually not 
displaced except in patients with concomitant aortic 
regurgitation or with terminal left ventricular dilation.

 ■ The carotid or brachial pulse in patients less than 
65 years old shows a typical delayed upstroke. In the 
elderly, loss of elasticity in arteries often masks this 
important sign. The decreased elasticity increases the 
rate of rise of the carotid upstroke, and this may mis-
lead the clinician into thinking that the stenosis is mild 
when it is severe.

Average Survival in Patients with Moderate 
or Severe Aortic Stenosis

 ■ Following left ventricular failure, heart failure 1–2 years
 ■ Occurrence of severe shortness of breath 50% die 

within 2 years
 ■ Mild but definite shortness of breath on mild to mode-

rate exertion 3–5 years

 ■ Syncope 50% die within 3 years
 ■ Angina 50% die within 5 years.

Diagnostic Testing

Electrocardiography
The electrocardiogram (ECG) in patients with moderate to 
severe stenosis often shows features of LVH.

 ■ S wave in lead V1, plus an R wave in leads V5 or V6 or 
greater than 35 mm

 ■ S wave in lead V3, plus an R wave in lead aVL greater 
than 20 mm

 ■ Left atrial enlargement is a common early finding
 ■ ST-T change typical of left ventricular strain: The 

ascending limb of the T wave is steeper than the 
descending limb in leads V5 and V6, with a lesser 
change in V4 (Figs. 15.2 and 15.3)

 ■ Left bundle branch block.
 Although some patients with LVH caused by aortic 
stenosis may not manifest ECG signs of LVH, the ECG 
remains an important test in patients who do show LVH. 
The presence of LVH on ECG in the absence of significant 
hyper tension is in keeping with severe aortic stenosis.

Echocardiography
The severity of aortic stenosis can be determined by con-
tinuous-wave Doppler echocardiography. This technique 
agrees with data obtained from catheterization in 85% of 
cases. Figure 15.4 shows a diaphragm-like aortic valve ori-
fice and narrowed aorta.
 Figures 15.5A and B show bicuspid aortic valve with 
stenosis.
 This complex valvular disease appears to be caused 
by lipid deposition, injury and inflammation, with many 
similarities to atherosclerosis, and a later propagation 
phase where pro-calcific and pro-osteogenic factors take-
over and perpetuate disease progression (Rajamannan  
et al. 2011). Unfortunately, when symptoms occur at this 
late phase, disease progression is dictated neither by 
inflammation nor by lipid deposition, but rather by the 
relentless accumulation of calcium in the valve leaflets. 
 Figures 15.6A to F show mild aortic  stenosis  and val-
vular calcification.
 This may explain the failure of statins to modify 
disease progression in aortic stenosis. Soundly run statin 
randomized clinical trials (RCTs) were carried out at a late 
phase of the disease and have failed (Chan et al. 2010).
The only medical therapy that may help is statin therapy 
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Fig. 15.2: Left ventricular hypertrophy in a patient with aortic stenosis; mild left atrial hypertrophy; S wave in V1+R in V5 or V6 > 35 mm  
(3.5 mV), the ascending limb of the T wave is steeper than the descending limb.

administered at the earliest phase of the disease. At an 
early phase, the asymptomatic or mildly symptomatic  
patient with noncalcified valves, with low-density lipo-
protein cholesterol (LDL-C) greater than 3 mmol/L a  
statin should be administered to maintain levels less 
than 2 mmol/L until RCTs are completed. Data confirms 
the hypothesis regarding the possible modification and 
slowing of calcific aortic valve disease (CAVD) progression 
with the use of long-term lipid lowering, if the therapy is 

initiated in the early stages of preclinical CAVD, the ath-
erosclerotic phase (Rajamannan NM).
1. Mild aortic stenosis is indicated by:

 ◆ Mean aortic valve pressure gradient less than or 
equal to 20 mm Hg

 ◆ Valve area greater than 1.5 cm2

2. Moderate stenosis is indicated by:
 ◆ Mean pressure gradient of 21–39 mm Hg
 ◆ Valve area greater than 0.9–1.4 cm2.

Fig. 15.3: Left ventricular hypertrophy: S wave in V1+R in V5 or V6 > 35  mm (3.5 mV); the ascending limb of the T wave is steeper than 
the descending limb.
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3. Moderate to severe aortic stenosis is indicated by:
 ◆ Mean aortic valve pressure gradient greater than  

40 mm Hg (range in several clinical studies is 
40–120 mm Hg).

 ◆ Valve area of 0.8–0.9 is a gray area. Symptoms dic-
tate clinical severity.

 ◆ Valve area less than 0.75 cm2 in an average-sized 
adult, 0.4 cm2/m2 of body surface area, indicates 
severe or critical stenosis.

 ◆ Doppler peak systolic pressure gradient greater 
than 50 mm Hg in the presence of a normal cardiac 
output.

 ◆ Maximal instantaneous Doppler gradient greater 
than 60 mm Hg (range 64–165 mm Hg).

 ◆ Peak systolic flow velocity greater than 4 m/sec 
(range often observed 4–7 m/sec).

 In patients with congenital aortic stenosis, the peak 
instantaneous valve pressure gradient is used for deter-
mining the severity of stenosis. Degenerative calcific aortic 
stenosis is the most common indication for aortic valve 
replacement. The Cardiovascular Health Study has shown 
that the risk factors for aortic valve stenosis are similar to 
those for vascular atherosclerosis and include an elevated 
level of LDL, hypertension, male sex and smoking. 
 Reportedly, the presence of early, prestenotic lesions 
of aortic valve sclerosis is associated with a 50% increase 
in the rate of coronary events, thereby further substantiat-
ing a relation between atherosclerotic valvular disease and 
vascular disease.

Management
Surgery
Mechanical obstruction to left ventricular outflow secon-
dary to significant aortic stenosis is a pressure overload 
situation that leads to progressive LVH, left ventricular 
strain, and finally, heart failure or sudden death. Symp-
toms resulting from obstruction of outflow are usually the 
main indications for valve replacement in patients with 
moderate or severe aortic stenosis.

Fig. 15.4: Diaphragm-like aortic valve orifice (arrow) and narrow 
ascending aorta; two common causes of higher transaortic velocity 
and δP.
(AO: Aorta; LA: Left atrium; LV: Left ventricle).
Source: Mohan JC. A Practical Approach to Clinical Echocardio-
graphy, 1st edition. New Delhi: Jaypee Brothers Medical Publishers 
(P) Ltd; 2014. p. 92.

Figs. 15.5A and B: Bicuspid aortic valve with stenosis, A is pathological specimen while B is three-dimensional echocardiographic picture. 
Source: Mohan JC. A Practical Approach to Clinical Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) 
Ltd; 2014. p.87, Fig. 5.14.
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Figs. 15.6A to F: Mitral and aortic annular calcification in a 99-year-old patient. Two-dimensional transthoracic echocardiography.  
(A and B) Parasternal long-axis view (A) and parasternal short-axis view (B) at the level of the aortic valve show heavy calcification 
involving the aortic valve, and aortic and mitral annuli (1), mitral valve (2), and mitral subvalvular apparatus (3, 4); (C) Parasternal short-
axis view at the level of the mitral valve shows calcification involving the posterior mitral leaflet and mitral annulus (2); (D) Apical four-
chamber view showing calcification involving the ventricular septal muscle (arrow). Arrowhead points to a pacemaker in the right atrium 
(RA); (E) Apical two-chamber view showing calcification involving the mitral valve and annulus (2). R represents a reverberatory artifact 
deep in the left atrium from the calcified mitral valve. (F) Color Doppler-guided continuous wave Doppler interrogation of the aortic valve 
demonstrates peak and mean gradients of 30 and 18 mm Hg, respectively (arrow), consistent with mild aortic stenosis.
(AO: Aorta; LA: Left atrium; LV: Left ventricle; RV: Right ventricle).
Source: Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 
2014. p. 1927.
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 ■ In most of these patients, the valve area is less than  
1 cm2, and the peak systolic gradient is greater than 
60 mm Hg. The hypertrophied myocardium often 
retains mechanical efficiency, and when the valve 
is replaced, significant improvement in ventricular 
systolic performance occurs in most patients. Heart 
failure is not a contraindication to valve replace-
ment. Patients with left ventricular failure secondary 
to severe aortic stenosis and followed for more than 
1-year because of intercurrent illness contraindication 
surgery usually regain adequate left ventricular func-
tion with later valve replacement, but there are excep-
tions to these findings. Because the 1-year mortality is 
greater than 50% in patients with heart failure, surgery 
should be done promptly.

Indications for valve replacement:
 ■ Left ventricular failure
 ■ Shortness of breath
 ■ Angina
 ■ Presyncope or syncope not due to preload-reducing 

agents or other causes of syncope.
 If valve replacement caused no mortality or morbidity,  
there would be no problem with advising surgery for  
moderate or severe aortic stenosis in asymptomatic 
patients. In some institutions, in a minimally symptomatic 
patient without coronary artery disease and other prob-
lems, mortality is 1–3%. The presence of ischemic heart 
disease, peripheral vascular disease, cerebrovascular 
disease, pulmonary disease, renal disease, and diabetes 
greatly increases the mortality and morbidity of surgery 
(5–7%).

 ■ Patients with chest pain and patients greater than  
35 years old require coronary angiography to assess 
the degree of atheromatous coronary stenosis and 
suitability for coronary artery bypass graft surgery.

Transcatheter Aortic Valve Replacement
In patients with severe aortic stenosis who are at increased 
surgical risk, transcatheter aortic valve replacement 
(TAVR) with a self-expanding transcatheter aortic valve 
bioprosthesis is currently as good as aortic valve replace-
ment  and appears to have a better 1 year survival. This 
intervention is proving most useful in selective patients 
(Figs. 15.7A to E).
 In an RCT, 795 patients underwent randomization at 
45 centers in the United States. In the as-treated analysis, 
the rate of death from any cause at 1-year was significantly 
lower in the TAVR group than in the surgical group (14.2% 

versus 19.1%), P less than 0.001 for noninferiority; P equal 
to 0.04 for superiority (Adams et al. 2014).
Patients not suitable:

 ■ With a life expectancy of less than 1-year
 ■ Severe dementia, or have symptomatic blockages to 

their carotid arteries are excluded
 ■ Anatomical issues.

 Patients have to have an adequate size to their aortic 
valve, not too big and not too small. Their other heart valves  
have to work reasonably well. Their aorta has to be of  
reasonable size and they cannot have a bicuspid or uni-
cuspid aortic valve by echocardiography. Although the 
manufacturers of TAVR would have us believe that the 
issue of post-implant problems has largely been solved by 
newer valve design, it remains an important issue and will  
continue to be so as the technique competes with surgical 
alternatives imaging will continue to play a pivotal role 
in procedure planning and guidance and, as has been 
demonstrated by Shibayama et al. Three-dimensional 
(3D) transesophageal echocardiography (TEE) can be 
extremely useful for anticipating and potentially avoiding 
post-TAVR (Mark JM, 2016).
 However, increasing experience was not associated 
with a decrease in the rate of periprocedural stroke or 
major vascular complications. This perhaps suggests that 
additional measures (i.e. embolic protection devices, 
improved antithrombotic regimes) may be required to 
systematically further lower periprocedural stroke rates 
during TAVR. Despite this, recent evidence does point to 
a slight decline in peri- and post-TAVR stroke rates in real-
world “all-comer” populations (Puri et al. 2016).

AORTIC REGURGITATION
Since the mid-1970s, there has been a major change in 
the pattern of underlying conditions associated with 
diseases causing aortic regurgitation. Although, rheumatic 
fever and syphilis caused 70% and 20% of cases, they now 
account for less than 30% and 1%. With the fall in preva-
lence of these diseases, bicuspid valve, endocarditis and 
diseases causing aortic root dilation have emerged as the 
common causes.

Diagnostic Hallmarks
With chronic aortic regurgitation, the left ventricle 
tolerates regurgitant volume overload and compensates 
adequately for many years; an asymptomatic period of 
10–30 years is common. Many patients with a moderate 
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degree of aortic regurgitation deny shortness of breath on 
walking 3–5 miles or climbing three flights of stairs. Com-
plaints of shortness of breath on exertion, fatigue, palpita-
tions and dizziness generally are associated with moderate 
or severe regurgitation over a prolonged period or severe 

regurgitation of recent onset. Rarely, angina with diapho-
resis occurs as the diastolic blood pressure (BP) falls, fre-
quently at night, causing a decrease in coronary perfusion. 
Symptoms and signs of heart failure at rest are late mani-
festations.

Figs. 15.7A to E: Transcatheter aortic valve replacement (TAVR) 
in an 85-year-old patient. Two-dimensional (2D) and live/real time 
three-dimensional (3D) transesophageal echocardiography. (A) 
Pre- procedure. 3D short-axis view shows a calcified aortic valve 
(arrow) with a very small irregular orifice consistent with severe 
aortic stenosis; (B) During procedure. Arrow shows a catheter in 
the region of the aortic root and valve imaged using the 3D ap-
proach; (C to E) Post-procedure. Arrows in C and D point to a thin 
aortic valve leaflet seen in both 2D and 3D long-axis views. The 
upper arrow in E points to significant paravalvular aortic regurgita-
tion clearly seen beyond the confines of the prosthetic elements 
visualized in the 2D short-axis view. Lower arrow points to mild 
valvular regurgitation located within the ring.
(AO: Aorta; LA: Left atrium; LV: Left ventricle; RV: Right ventricle).
Source: Nanda NC. Comprehensive Textbook of Echocardiogra-
phy, 1st edition. New Delhi: Jaypee Brothers Medical Publishers 
(P) Ltd; 2014. p. 1935.
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Physical Signs
The hallmarks on physical examination include the  
following:

 ■ Typical collapsing pulse: Water hammer or Corrigan’s 
pulse or a bounding pulse. The underlying mechanism 
is a rapid increase in upstroke followed by an abrupt 
collapse as a result of a quick diastolic runoff from the 
arterial tree (all conditions that cause a brisk runoff 
produce a collapsing or bounding pulse). The collapsing 
quality is detected by the examiner’s placing his or her 
fingers or palm closed firmly over the radial pulse with 
the patient’s entire limb extended to the ceiling.

 ■ Pulsus bisferiens, a double peak to the pulse, may be 
observed with the combination of aortic regurgitation 
and significant aortic stenosis.

 ■ The patient’s head often bobs with each cardiac pulsa-
tion.

 ■ The BP reveals a wide pulse pressure as a result of an 
increase in systolic BP and a diastolic BP that is often 
less than 50 mm Hg. Occasionally, Korotkoff sounds 
persist to zero with diastolic arterial BP still greater 
than 60 mm Hg.

 ■ Arterial neck pulsations are usually prominent.
 ■ Quincke’s sign: Exerting mild pressure on the nail beds 

brings out intermittent flushing.
 ■ Finger pulsations: Collapsing pulsations in the finger 

pads or tips.
 ■ Traube’s sign: Pistol-shot sounds over the femoral 

pulses.
 ■ Duroziez’s sign: Compression of the femoral artery 

proximal to the stethoscope produces a systolic murmur 
and a diastolic murmur with distal compression.

 ■ The apex beat is virtually always displaced downward 
and outward to the left, indicating left ventricular 
enlargement in patients with moderate or severe aortic 
regurgitation. A diastolic thrill may be palpated in the 
second right interspace or third interspace at the left 
sternal border, where the murmur of aortic regurgita-
tion is most prominent.

Hallmarks on Auscultation
 ■ Typical high-pitched blowing, early decrescendo  

murmur begins immediately after A2. The early decre-
scendo murmur beginning immediately after A2 is 
unmistakable to the trained ear and is best heard 
with the diaphragm pressed firmly against the chest, 
with the patient leaning forward and the breath held 

in deep expiration. The examiner should listen to the 
murmur with the patient breathing normally and in 
the recumbent position to train the ear for detection of 
the softest diastolic murmur.

 ■ The degree of aortic regurgitation correlates best with 
the duration of the murmur and may be pandiastolic 
with severe regurgitation.

 ■ Perforation of an aortic cusp may change the quality of 
the murmur to one that resembles the cooing of a dove.

 ■ A mid-diastolic or late diastolic rumble at the apex, the 
Austin Flint murmur, may be heard as the regurgitant 
jet hits the anterior mitral leaflet, as it opens and closes 
during diastole. The leaflet’s shuddering can be heard 
with the stethoscope or observed with the help of 
Doppler ECG.

 ■ The A2 sound may be increased, decreased, or normal, 
and the accompanying aortic systolic murmur and 
thrill may represent flow rather than stenosis.

Diagnostic Testing

Electrocardiography
The ECG commonly shows nonspecific ST-T wave changes, 
and with LVH, the pattern of LVH with volume overload is 
often present.
Echocardiography includes:

 ■ Detection of the type of aortic valve abnormality and 
underlying disease (e.g. aortic regurgitation owing to 
bicuspid valve or vegetation caused by endocarditis)

 ■ Left ventricular chamber dimensions: Estimates of left 
ventricular volume and ventricular function measure-
ments (left ventricular end-systolic dimensions, left 
ventricular end-diastolic dimensions, fractional short-
ening and ejection fraction)

 ■ Dilation of the aortic root; aortic dissection
 ■ Other valve disease 
 ■ Other associated states (e.g. perivalvular abscesses in 

infective endocarditis)
 ■ Color flow Doppler provides accurate quantification 

of aortic regurgitation. Figure 15.8 shows  the  regur-
gitant jet in aortic regurgitation. The regurgitant jet in 
severe mitral regurgitation is shown in Figure 15.9. The 
degree of aortic regurgitation can be assessed by meas-
uring the width of the aortic regurgitant jet (jet height)  
(Figs. 15.8 and 15.10A to G). 

 The measurement is assessed just under the aortic 
valve in the left ventricular outflow tract (LVOT) as a 
fraction of the LVOT.
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 ■ Mild regurgitation: Width of the jet is one-third the 
LVOT

 ■ Moderate regurgitation: Width of the jet is one-third to 
two-thirds the LVOT

 ■ Severe aortic regurgitation: Width of the jet is greater 
than two-thirds the LVOT.

Management
Mild aortic regurgitation does not require special therapy.

Vasodilators for Moderate Regurgitation 
For asymptomatic patients only, with moderate to severe 
aortic regurgitation and normal left ventricular function, 
nifedipine extended-release, 30–60 mg daily, or an angi-
otensin-converting enzyme (ACE) inhibitor is recom-
mended by the American College of Cardiology or American 
Heart Association (ACC or AHA). The unloading effect of 
nifedipine seems capable of producing a modest reduc-
tion of left ventricular dilation and hypertrophy and may 
prevent the development of left ventricular dysfunction in 
selected patients. In a randomized study, after 6 years of 
follow-up, 34% of the digoxin-treated group required valve  
surgery because of the development of left ventricular 
dysfunction versus 15% in the nifedipine plus digoxin 
group. Short-term vasodilator therapy may be used in 

Fig. 15.8: Aortic regurgitation jet height is nearly two-thirds of the left 
ventricular outflow tract height, indicating severe aortic regurgitation.
(AO: Aorta; LA: Left atrium; LV: Left ventricle).
Source: Mohan JC. A Practical Approach to Clinical Echocardiog-
raphy, 1st edition. New Delhi: Jaypee Brothers Medical Publishers 
(P) Ltd; 2014. p. 105.

Fig. 15.9: Color Doppler evidence of severe mitral regurgitation (MR). 
(LA: Left atrium; LV: Left ventricle; PA: Pulmonary artery) (Movie 
clip 81.8) 
Source: Nanda NC. Comprehensive Textbook of Ecocardiogra-
phy, 1st edition. New Delhi: Jaypee Brothers Medical Publishers 
(P) Ltd; 2014. p. 1974, Figure 81.8.

patients with severe aortic regurgitation and severe left 
ventricular dysfunction in preparation for surgery, but not 
in patients who are undoubtedly surgical candidates.

Surgery
Surgery is offered for symptomatic patients if left ven-
tricular function is mildly impaired, exercise capacity is 
reduced, or left ventricular dimensions are “highly abnor-
mal” or show significant deterioration. The following echo-
cardiographic or catheter dimensions may be used to help 
in decision-making regarding timing for valve surgery. No 
single estimation should be accepted for making deci-
sions. Marked changes or rate of change at 3- or 6-month 
visits should guide the physician.

 ■ Left ventricular end-systolic dimension 45–55 mm. A 
dimension greater than 50 mm, or ejection fraction 
below normal for the particular laboratory, usually 
indicates left ventricular dysfunction, and, as out-
lined previously, one does not wait for more ominous 
signals.

 ■ Left ventricular end-diastolic dimension greater than 
66 mm.

 ■ Left ventricular end-systolic volume index greater than 
60 mL/m2; more than 90 mL/m2 indicate severe left 
ventricular dysfunction.
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Figs. 15.10A to G: Quadricuspid aortic valve in a 54-year-
old female. (A and B) Two-dimensional trans tho  racic echo-
cardiography. The aortic valve (AV) appears bicuspid. (C to 
E) Multiplane two-dimensional transesophageal echocar-
diography. (C and D) AV leaflets (numbered in D) are well 
seen. The arrow in C points to diastolic noncoaptation of 
AV leaflets which resulted in significant aortic regurgitation. 
(E) The arrow points to severe aortic regurgitation. (F and 
G) Live/real time three-dimensional transthoracic echo-
cardiography show a quadricuspid AV with four numbered 
leaflets clearly visualized.
(AO: Aorta; LA: Left atrium; LV, Left ventricle; RV: Right 
ventricle; TV: Tricuspid valve).
Sources: Nanda NC. Comprehensive Textbook of Echo-
cardiography, 1st edition. New Delhi: Jaypee Brothers 
Medical Publishers (P) Ltd; 2014. p. 1915.
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 ■ Left ventricular end-diastolic volume index 140–150 
mL/m2; greater than 180 mL/m2 indicates severe left 
ventricular dysfunction.

 ■ Ejection fraction less than 50% or fractional shortening 
less than 35%: Fractional shortening less than 25% 
indicates severe left ventricular dysfunction. An ejec-
tion fraction less than 45% represents moderately 
severe left ventricular dysfunction, and an ejection 
fraction less than 35% indicates severe dysfunction.

 Preparations for surgery include attention to dental  
work under antibiotic cover. Coronary angiography is 
necessary in patients greater than 35 years old or patients 
with angina. Elective valve surgery has a 3–6% operative 
mortality, and emergency surgery has greater than 10% 
mortality. The 5-year survival for patients receiving valve 
implants ranges from 60 to 85%.

MITRAL STENOSIS
Mitral stenosis is almost always due to previous rheumatic 
fever. It takes more than or equal to 2 years after the rheu-
matic episode for sufficient fibrosis and thickening of the 
valve to produce the typical murmur. Most patients remain 
asymptomatic for 15–20 years after an episode of rheu-
matic fever, which is subclinical in greater than 50%.
 In the past 3 decades, the problem of rheumatic valve 
disease has shown a marked decline in North America, the 
United Kingdom and Europe. The disease is still endemic, 
however, in much of Asia, Africa, the Middle East, Latin 
America and the West Indies. In these countries, signifi-
cant mitral stenosis may emerge within a few years of the 
initial acute rheumatic fever and result in symptomatic 
disease in juveniles and young adults.

Diagnostic Hallmarks
1. Mild mitral stenosis, valve area 1.6–2 cm2, may cause 

mild dyspnea on moderate to severe exertion, but the 
patient is usually able to do all normal chores, and 
lifestyle is not altered. Symptoms progress slowly, 
if at all, over the next 5–10 years. Some patients with 
mild mitral stenosis may reduce activities and tolerate 
symptoms for several years. Infection, pregnancy or 
tachycardias, including atrial fibrillation, may precipi-
tate severe dyspnea.

2. Moderately severe mitral stenosis, valve area 1–1.5 
cm2, usually causes symptoms that affect or interfere 
with daily living. Dyspnea secondary to progressive  

pulmonary venous hypertension becomes bother-
some. Breathlessness is precipitated by moderate 
activity, such as walking 100 yards briskly, walking up 
an incline, or running slowly for 20 yards. Pulmonary 
infection or atrial fibrillation often precipitates pulmo-
nary congestion, emergency room visits, or hospitaliza-
tion. Cough, shortness of breath, wheeze and hemop-
tysis may mimic bronchitis for several months because 
the subtle signs of mitral stenosis can be missed by the 
untrained auscultator. Palpitations are usually due to 
atrial fibrillation, and some patients may present with 
a rapid tachycardia or systemic embolization.

3. Severe mitral stenosis, valve area less than 1 cm2 and 
valve area index less than 1 cm2/m2, usually causes 
symptoms on mild exertion. The patient presents with 
one or more of the following symptoms: progressive 
dyspnea, palpitations, marked fatigue, and occasionally 
cough, hemoptysis, hoarseness or chest pain. Progres-
sion may be rapid with increasing edema, orthopnea, 
paroxysmal nocturnal dyspnea and marked breathless-
ness. Some patients tolerate dyspnea, however, and are 
able to continue work that is not strenuous, at their own 
pace, for 3–12 months before interventional therapy. 
With mitral stenosis, patients with the most bothersome 
symptoms benefit the most from mitral valvotomy.

 Some patients present with progressive symptoms 
and signs of low cardiac output and right-sided heart 
failure with only mild pulmonary congestive features as a 
result of reactive hyperplasia of pulmonary arterioles and  
pulmonary arterial hypertension, a scenario appropriately 
termed “protected” mitral stenosis. At the other extreme, 
some patients present with florid pulmonary edema asso-
ciated with only passive pulmonary arterial hyperten-
sion and mild or absent right-sided heart failure, which 
is considered “unprotected” mitral stenosis. A mixture of 
protected and unprotected mitral stenosis is commonly 
observed.

Physical Signs
 ■ On inspection, a malar flush is common in the pres-

ence of long-standing, moderately severe mitral stenosis.
 ■ A lower left parasternal lift or heave owing to right ven-

tricular hypertrophy may be present.
 ■ The apex beat is tapping in quality but usually is not 

displaced.
 ■ A diastolic thrill localized to the apex beat may be  

palpated.
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 ■ Auscultation reveals a loud slapping S1 and is so typical 
that it warns the examiner to search for other signs of 
mitral stenosis. Immobility of the cusps reduces this 
valuable sign.

 ■ P2 is intensified, and this vibration associated with 
pulmonary valve closure is often palpable with signifi-
cant pulmonary arterial hypertension.

 ■ An opening snap, a sharp high-pitched sound, is a 
hallmark of mitral stenosis. The opening snap is best 
heard with the diaphragm pressed firmly just inter-
nal to the apex beat and occurs 0.04–0.14 second after 
S2. The opening snap may be heard over a wide area 
and, with severe mitral stenosis, usually occurs 0.08 
second after S2, audible immediately rather than after 
a definite gap. The opening snap disappears if the valve 
becomes heavily calcified and nonpliable.

 ■ The loud slapping S1 and opening snap produce a 
particular cadence that alerts the examiner.

 ■ The opening snap is followed by a low-pitched, mid-
diastolic rumbling murmur that is associated, if there 
is sinus rhythm, with presystolic accentuation, best 
heard with the bell lightly applied over the apex beat. 

 ■ The murmur often is localized to an area the size of 
a coin and can be missed easily; it is brought out by 
exercising the patient and listening with the patient 
lying on the left side.

 ■ Occasionally, critical mitral stenosis may cause a 
marked reduction in transmitral flow, and the murmur 
may be hardly audible. There is evidence that in these 
cases, the disease and contracted chordae increase the 
impedance to ventricular filling so that the reduced 
mitral valve area is no longer the limiting factor.

 ■ The severity of mitral stenosis correlates best with the 
length of the murmur rather than the intensity.

Diagnostic Testing

Chest X-ray
 ■ Straightening of the left heart border owing to left atrial 

enlargement
 ■ Larger-than-normal double density, seen through the 

right half of the cardiac silhouette, indicating left atrial 
enlargement

 ■ Elevation of the left main stem bronchus caused by 
distention of the left atrium with widening of the angle 
between the two main bronchi

 ■ Redistribution: Restriction of lower lobe vessels and 
dilation of the upper lobe vessels

 ■ If heart failure is present, signs of interstitial edema are 
present: Kerley B lines owing to lymphatic engorge-
ment and fibrosis, perihilar haze, and eventually frank 
pulmonary edema are observed

 ■ Fluoroscopy is no longer commonly done, but it shows 
posterior displacement of the barium-filled esophagus

 ■ The heart size on posteroanterior X-ray is generally 
normal or near-normal, and the lateral film should be 
assessed for right ventricular enlargement: “creeping 
up the sternum”.

Electrocardiography
 ■ Signs of left atrial enlargement are common with mod-

erate and severe mitral stenosis: broad bifid P waves 
in lead II and, more specifically, an increase in the P 
terminal force (PTF1) greater than or equal to 40 ms/mm, 
measured in lead V1 (area subtended by the terminal 
negative portion of a biphasic P wave). When the PTF1 
is greater than 40 ms/mm, 95% of individuals have left 
atrial size greater than 4 cm; when the PTF1 is greater 
than or equal to 60 ms/mm, 75% have left atrial size 
greater than 6 cm.

 ■ Right axis deviation 90–150° reflects severe mitral ste-
nosis.

 ■ Right ventricular hypertrophy may be present with 
severe stenosis but does not correlate well with the 
degree of pulmonary hypertension.

 ■ Atrial fibrillation is common with moderate long-
standing rheumatic disease, with the left atrial size 
greater than 4.5 cm, and is characteristically coarse in 
appearance.

 ■ Electrocardiogram stress testing is valuable in selected 
patients who are suspected of denying symptoms 
with the presence of a moderate degree of stenosis; 
functional capacity can be assessed.

Echocardiography
 ■ The mitral diastolic gradient can be defined.
 ■ Excellent quantification of mitral valve orifice area.
 ■ Left atrial enlargement is uniformly present, and the 

size can be accurately determined.
 ■ The degree of calcification of the mitral valve leaflets 

can be verified.
 ■ Decreased posterior leaflet movement is often 

observed.
 ■ The degree of right ventricular enlargement can be 

documented.
 ■ Left ventricular size is expected to be small.
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 ■ Right ventricular systolic pressures reflect the degree 
of pulmonary hypertension.

 ■ Figure 15.11 shows a hockey appearance and Fig. 15.12 
shows mitral stenosis and regurgitation

 ■ Figures 15.13A and B show rheumatic mitral stenosis 
with regurgitation

 It is well-established that reoperation is required much 
more frequently with bioprosthetic valves, but the compli-
cations of endocarditis and valve obstruction are similar. A 
bioprosthetic valve may be considered a reasonable choice 
in patients over the age of 70 years whose life-expectancy 
may be shorter than that of the bioprosthesis. In patients in 
whom anticoagulants are contraindicated or compliance 
is expected to be poor, a prosthetic valve is appropriate.

Management

Medical Therapy
All patients should receive prophylaxis for the preven-
tion of rheumatic fever for at least 25 years from the acute 
episode and up to age of 45 years, whichever is longer. 
Although pure mitral stenosis is rarely the site of endocar-
ditis, trivial mitral regurgitation is often present, and endo-
carditis prophylaxis should be strongly enforced. Moderate 
mitral stenosis, valve orifice area 1–1.5 cm2, is usually mildly 

symptomatic. Salt restriction is advisable. If palpitations 
are bothersome, or runs of supraventricular tachycardia or 
atrial fibrillation are documented, a small dose of a beta-
blocking drug is useful: Metoprolol 25 mg twice daily; biso-
prolol 2.5–5 mg daily. Digoxin is not indicated for patients 
with sinus rhythm or heart failure with pulmonary conges-
tion except as prophylaxis against fast ventricular rates and 
pulmonary edema if atrial fibrillation develops.
 Chest infections must be vigorously treated because 
hypoxemia increases pulmonary hypertension and may 
precipitate right-sided heart failure. Also, tachycardia may 
precipitate pulmonary edema, particularly during preg-
nancy, and a small dose of a beta-blocker can prevent this 
crisis.
 Severe mitral stenosis, valve area corrected for body 
surface area (valve area index) less than 1 cm2/m2, usu-
ally requires interventional therapy within 3–6 months to 
abolish symptoms or decrease complications or progres-
sive increase in pulmonary vascular resistance.

Interventional Management
Balloon valvuloplasty or surgery to relieve valvular obs-
truction is indicated for most symptomatic patients who 
have moderate to severe mitral stenosis, valve orifice less 
than 1 cm2, as determined by Doppler ECG. The results 
of this technique correlate sufficiently well with cath-
eterization data. Cardiac catheterization is not required 
in patients less than 40 years old in whom ischemic heart 
disease is not present or suspected and who have typical 
clinical features of mitral stenosis that are confirmed by 
Doppler ECG.
 Mild mitral stenosis, valve area 1.6–2 cm2, often 
remains minimally symptomatic for 5 to greater than or 
equal to 10 years.
 Moderately severe mitral stenosis, valve area 1–1.5 
cm2, usually does not require intervention, but decisions 
must be individualized. In the following patients, inter-
vention may be required:

 ■ For symptomatic young patients engaged in strenuous 
activity

 ■ If atrial fibrillation supervenes
 ■ To allow pregnancy in a patient who manifested pul-

monary edema in a previous pregnancy.
 Elective procedures are sometimes performed in 
women who anticipate pregnancy, but relief of obstruc-
tion may be required during the second and third trimes-
ters of pregnancy because the valve orifice is no longer 

Fig. 15.11: Mitral stenosis. Two-dimensional transthoracic para-
sternal long-axis view showing thickened mitral leaflets with dias-
tolic doming of anterior mitral leaflet (AML) giving the appearance 
of a “hockey stick” (arrow).
(AO: Aorta; LA: Left atrium; LV: Left ventricle; RV: Right ventricle). 
Source: Nanda NC. Comprehensive Textbook of Echocardio-
graphy, 1st edition. New Delhi: Jaypee Brothers Medical Publish-
ers (P) Ltd; 2014. p. 827.
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Figs. 15.12A to F: (A) Two-dimensional transthoracic echocardiography showing severe subvalvular thickening giving rise to a funnel-
shaped structure (B) Rheumatic mitral stenosis in 34-year-old female patient with history of paroxysmal nocturnal dyspnea. Two-
dimensional transthoracic echocardiography. (B and C) Parasternal long axis (B) and apical four-chamber (C) views show thickened 
mitral valve leaflets with doming in diastole indicative of mitral stenosis. The subvalvular apparatus is also thickened; (D) Color Doppler 
examination shows mild mitral regurgitation and moderate aortic regurgitation; (E) Live/real time three-dimensional transesophageal 
echocardiography demonstrates a very small mitral orifice (arrow) indicative of severe stenosis; (F) Severe mitral regurgitation devel-
oped following percutaneous mitral valvuloplasty.
(AO: Aorta; LA: Left atrium; LV: Left ventricle; RA: Right atrium; PA: Pulmonary artery; MV: Mitral value; RV: Right ventricle; TV: tricuspid 
value).
Source: Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 
2014. pp. 829 and 1891.
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Figs. 15.13A and B: (A) Rheumatic mitral stenosis and regurgitation in a female patient. Transesophageal two-dimensional echocardio-
graphy. Four-chamber view shows thickening of both mitral leaflets with restricted motion. Note thickening of chordal apparatus also; (B) 
Color Doppler examination demonstrates significant mitral regurgitation (MR).
(LA: Left atrium; LV: Left ventricle; RA: Right atrium; PA: Pulmonary artery MR: Mitral regurgitation; MV: Mitral value; RV: Right ventricle).
Source: Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 
2014. p. 1893.

BA

large enough to permit the necessary increase in cardiac 
output to occur without an unacceptable rise in left atrial 
and pulmonary venous pressures.
Interventional therapy may take the form of following:

 ■ Balloon valvuloplasty
 ■ Surgical open commissurotomy
 ■ Valve replacement.

 Mitral balloon valvuloplasty and percutaneous mitral 
balloon valvuloplasty seems to give hemodynamic results 
that are comparable with surgical closed commissurot-
omy. The valve area is increased 100% from 1 cm2 to 2 cm2 
in 77% of cases. A mortality of 2.7% has been reported by 
the valvuloplasty registry. An iatrogenic atrial septal defect 
(ASD) has been reported to occur in 20–87% of patients, 
depending on criteria used for defining the ASD, which 
takes 6 months to close. The ASD is usually small, however, 
the magnitude of the shunt being less than 2:1, and only a 
few of these ASDs are clinically significant. The procedure 
should be done only by highly trained and experienced 
operators. In such hands, the procedure is the first choice 
in appropriately selected patients for relief of severe mitral 
stenosis.
 A multicenter study of 4,832 patients in China and 600 
patients in India indicates that mitral balloon valvuloplasty 
is an effective and safe procedure that can be performed 
worldwide. The reported restenosis rate of approximately 

12% at 3 years is similar to that after closed surgical com-
missurotomy.
 Transesophageal echocardiography has a role in 
obtaining information needed for the selection of patients 
for balloon valvuloplasty (e.g. calcification, thickening, 
mobility and subvalvular fibrosis). Atrial or appendage 
thrombus is best visualized with TEE. The technique also 
is valuable in assessing the magnitude of the ASD after the 
procedure.

MITRAL REGURGITATION
Although mitral stenosis is nearly always due to rheumatic 
disease, mitral regurgitation is a common valvular lesion 
that is caused by many conditions that alter the mitral 
valve apparatus: valve leaflets, annulus, chordae and 
papillary muscles.

Causes of Acute Mitral Regurgitation
 ■ Acute myocardial infarction
 ■ Papillary muscle dysfunction
 ■ Rupture chordae tendineae
 ■ Rupture of papillary muscle
 ■ Mitral valve prolapse
 ■ Rupture chordae tendineae
 ■ Rapid progression of prolapse
 ■ Endocarditis acute; rare subacute endocarditis.
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Causes of Chronic Mitral Regurgitation
 ■ Degenerative regurgitation, approximately 60%, mainly 

myxomatous mitral prolapse in the Americas
 ■ Ischemic heart disease, approximately 20%
 ■ Rheumatic conditions, approximately 10%
 ■ Endocarditis, approximately 5%
 ■ Functional dilatation.

Diagnostic Hallmarks
Patients may tolerate a mild to moderate degree of mitral 
regurgitation for 5 to more than or equal to 20 years with-
out the appearance of heart failure.

 ■ Chronic volume overload causes slow progressive dila-
tion and mild hypertrophy of the left ventricle.

 ■ Characteristically, a loud holosystolic murmur is 
heard maximal at the apex with radiation to the axilla, 
accompanied by an S3 gallop if regurgitation is moderate 
to severe.

 ■ In patients with posterior papillary muscle dysfunction 
causing mitral regurgitation, however, the murmur 
radiates anteriorly and is best heard at the left sternal 
border without radiation to the axilla.

 Mild to moderate shortness of breath indicates pulmo-
nary congestion or left ventricular dysfunction and should 
be managed with afterload-reducing agents, particularly 
ACE inhibitors, to encourage forward flow at the expense 
of regurgitation; small doses are advisable: enalapril or 
lisinopril, 5–10 mg daily or equivalent doses of other ACE 
inhibitors.
 If concomitant ischemic heart disease with angina is 
present and left ventricular dysfunction is not present, 
amlodipine is preferred to ACE inhibitors. Also, digoxin 
and the judicious use of diuretics in combination with 
amlodipine may cause some beneficial effects before 
consideration of early valve repair or valve replacement.  
Calcium antagonists should not be used in patients with 
left ventricular dysfunction because heart failure may be 
precipitated.
 Atrial fibrillation with a rapid ventricular response is 
managed with digoxin, a beta-blocker, and anticoagulants 
to prevent embolization.
 Progressive dyspnea is a late stage, and heart failure 
should be anticipated and prevented by timely surgical 
intervention.

Echocardiography
Echocardiographic findings of mitral regurgitation are 
shown in Figures 15.9 to 15.16.

Management
Medical
Patients with mild symptoms and moderate regurgitation 
experience some symptomatic relief from a small dose of a 
beta-blocker (bisoprolol 2.5 mg) is advisable to ameliorate 
abnormal ventricular geometry. Surgery is not indicated 
in patients with less than severe mitral regurgitation: those 
with a regurgitant fraction (RF) of less than 0.5, those with 
a regurgitant volume of less than 600 mL/beat, and those 
with a regurgitant orifice area of less than 0.4 cm2, because 
they tolerate mitral regurgitation for long periods (Cara-
bello 2008). These patients are assessed every 6 months for 
symptoms and the occurrence of left ventricular dysfunc-
tion and RF. When the end-systolic diameter is less than  
40 mm in an asymptomatic patient deemed to have mod-
erate mitral regurgitation by other parameters, close the 
observation without surgery and with the use of a small 
dose of a beta-blocker (bisoprolol 2.5 mg). An ACE inhibi-
tor may be considered particularly to maintain systolic BP 
110–130 mm Hg. Clear answers will only become avail-
able in these difficult clinical situations, when the results 
of further large clinical trials are available. ACE inhibitors 
and ARBs have not proved significantly helpful and are not 
recommended for the prevention of left ventricular dys-
function (Carabello 2008). They are indicated only for the 
management of heart failure.

Fig. 15.14: Color Doppler examination showing severe aortic 
regurgitation (AR).
(AO: Aorta; LA: Left atrium; RV: Right ventricle).
Source: Nanda NC. Comprehensive Textbook of Echocardiogra-
phy, 1st edition. New Delhi: Jaypee Brothers Medical Publishers 
(P) Ltd; 2014. p. 1975.
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Figs. 15.15A to F: Two-dimensional transthoracic echocardiography. Mitral valve prolapse of the A2 segment associated with aortic 
valve prolapse and sinus of Valsalva aneurysm. (A and B) Parasternal long-axis views. (A) Lower arrow points to prominent anterior 
mitral leaflet prolapse, upper arrow to aortic valve prolapse, and arrowhead to a localized aneurysmal dilatation of a sinus of Valsalva. 
(B) Color Doppler examination shows severe mitral regurgitation (MR) and mild to moderate aortic regurgitation (AR): (C) Short-axis 
view at the level of the mitral valve (MV). Arrowhead points to marked redundancy of the middle segment of the anterior leaflet con-
sistent with prominent A2 prolapse. Some redundancy of the middle scallop (P2) of the posterior leaflet is also seen. These are best 
visualized in mid-diastole (D and E) Apical four-chamber views. Arrow in D points to anterior mitral leaflet prolapse. E shows a large 
flow acceleration area (PISA) consistent with very significant MR; (F) Live/real-time three-dimensional transthoracic echocardiography 
showing prominent A2 prolapse (arrow).
(AO: Aorta; LA: Left atrium; LV: Left ventricle; RA: Right atrium; RV: Right ventricle; MV: Mitral valve).
Source: Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 
2014. p 852.
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 Regurgitant fractions of less than 0.40 seem to be toler-
ated indefinitely in both the experimental animal and in 
humans, whereas RFs exceeding 0.50 usually leads to heart 
failure (Carabello 2008).
 The timing of valve surgery, whether it is repair or valve 
replacement for chronic mitral regurgitation, remains a 
problem in decision-making, as with that of aortic regurgi-
tation. Patients with mitral valve prolapse and acute com-
plications are often suitable for valve repair.
1. There is an increasing tendency to attempt valve 

reconstruction. It is advisable to repair as many 

valves as possible and as often as feasible, but success 
depends on the skill of the surgeon. For mitral stenosis 
and regurgitation, many valves are beyond repair and 
require replacement.

2. Surgery should be considered in patients who have 
moderately severe mitral regurgitation before the 
development of severe pulmonary arterial hyperten-
sion and before a decrease in ejection fraction to less 
than 50%. The interpretation of ejection fraction has 
to be adjusted downward to take into account the low 
impedance to retrograde flow resulting from mitral 

Figs. 15.16A to D: Flail posterior mitral valve leaflet. Two-dimensional transthoracic echocardiography. Parasternal long-axis (A and B) 
and apical four-chamber (C and D) views. Arrows in A and C point to a flail posterior mitral leaflet which does not coapt with the anterior 
leaflet in systole resulting in severe mitral regurgitation (shown in B). The anterior leaflet also shows prolapse. The turbulent portion of 
MR jet in B is eccentric, narrow, and directed anteriorly and would be erroneously diagnosed as mild MR if the laminar flow signals (red) 
which move with the turbulent jet are not taken into account. D shows a large flow acceleration (PISA).
(AO: Aorta; LA: Left atrium; LV: Left ventricle; RA: Right atrium; RV: Right ventricle; MR: Mitral regurgitation).
Source: Nanda NC. Comprehensive Textbook of Echocardiography, 1st edition. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 
2014. p 853.
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regurgitation. A patient with severe mitral regurgita-
tion and an ejection fraction of less than 40% has a 
prohibitively high surgical mortality and fares better 
with afterload reduction and digoxin because of the 
problems of assessing ejection fraction in the pres-
ence of mitral regurgitation. Important parameters of 
left ventricular function that indicate surgery include 
end-systolic volume index greater than 50 mL/m2 and 
left ventricular end-systolic dimension greater than  
45 mm.

3. If surgery is done before an ejection fraction of less 
than 45% and an end-systolic dimension greater than 
55 mm, patient survival, functional class, and left 
ventricular systolic function should show significant 
improvement. If mitral regurgitation is moderately 
severe and left ventricular dysfunction is present, it is 
hazardous to procrastinate. Early surgery is preferable. 
It is probably safe to wait until end-systolic diameter 
reaches 45 mm, but not greater than 50 mm. When the 
end-systolic diameter is less than 40 mm in an asymp-
tomatic patient deemed to have severe mitral regurgi-
tation by other parameters, close observation without 
surgery and the use of nifedipine or an ACE inhibitor 
is considered sound decision-making. Clear answers 
become available in these difficult clinical situations 
only when the results of further large clinical trials are 
available.

4. In patients with predominant posterior leaflet pro-
lapse, repair of the posterior leaflet followed by inser-
tion of a nonflexible ring seems to be successful in  
preventing postoperative systolic anterior motion of 
the mitral valve.

5. The tricuspid valve also is often severely incompetent; 
tricuspid annuloplasty is advisable in such cases.

6. Intraoperative TEE is of considerable value in assessing 
valve repair. The surgeon ensures excellent coapting 
edges and lines of closure; if the geometry is ideal, 
saline is pumped into the ventricle.

 In general, patients undergoing robotic mitral surgery 
spend 1-less day in the hospital. Follow-up from 1 year to 
3 years shows that more than 90% of patients are free of 
moderate-to-severe mitral regurgitation (Lazar 2015). 

MITRAL VALVE PROLAPSE
Mitral valve prolapse is said to be a common condition. The 
incidence of mitral valve prolapse has been exaggerated  
because of the inclusion of many patients with a normal 

variant of mitral valve closure but with correct coaptation; 
leaflets may billow only slightly into the left atrium with 
normal coaptation. Also, the appearance may result from 
the saddle shape of the normal mitral ring.
 The minor variant with a click, without a murmur, 
and with nondiagnostic echocardiographic features com-
monly labeled mitral valve prolapse is subject to interpre-
tation, and this “normal variant” disappears after age of 40 
years. Probably, because of the inclusion of normal vari-
ants with billowing leaflets without true prolapse, the inci-
dence of mitral valve prolapse is reported to be 30% from 
the age of 10 of 20 years, 15% at age of 30 years, 10% at age 
of 50 years, 3% at age of 70 years, and less than 1% at age 
of 80 years. Before the age of 30 years, the female-to-male 
ratio is 3:1, but at the age of 70 years, men and women have  
about equal incidence. The incidence of significant mitral 
valve prolapse in adults is about 6% in women and 3% in men.
 Genuine mitral valve prolapse has a familial incidence 
of about 33% as noted in first-degree relatives.
 Causes of mitral valve prolapse are as follows:

 ■ The common underlying process is a degenerative non-
rheumatic condition of unknown etiology described as 
a myxomatous degeneration of the mitral valve.

 ■ The anterior and posterior leaflets become elongated, 
thickened, voluminous and grossly redundant. The 
chordae become thin and elongated and have a pro-
pensity to rupture.

 ■ A mural endocardial fibrous plaque is often observed 
beneath the posterior leaflet in patients who die sud-
denly from mitral valve prolapse. The mitral valve 
annulus is often dilated in patients with significant 
regurgitation, and in patients who die suddenly, calci-
fication and fibrosis of the annulus seem to be com-
mon findings.

 ■ Myxomatous changes and mitral valve prolapse are 
associated with Marfan and Ehlers-Danlos syndromes 
and with osteogenesis imperfecta.

 ■ Rheumatic heart disease, where this disease is still 
endemic. A dilated annulus allows elongation of chor-
dae with sometimes prolapse of the anterior leaflet, but 
marked billowing or redundancy of leaflets is unusual.

 ■ Papillary muscle dysfunction secondary to ischemic 
heart disease.

Diagnostic Hallmarks
Most patients are asymptomatic. Dyspnea is vague, often 
occurs at rest, and is commonly out of proportion with the 
degree of mitral regurgitation, which is usually asymp-
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tomatic in more than 80% of patients. Extreme fatigue,  
dizziness, anxiety, panic disorders, palpitations, presyn-
cope, syncope and chest pain may occur without a satis-
factory explanation. Psychogenic factors play a role in the 
varied symptoms.

Physical Signs
One or multiple mid-systolic or late-systolic clicks of non-
ejection type may be constant or intermittent, changing 
with posture or maneuvers, but they do not prove the 
existence of mitral valve prolapse. The timing of clicks 
may be misinterpreted as gallop sounds, but apart from 
their timing, clicks can be differentiated from S3 by the 
high-pitched quality and by being most audible with a dia-
phragm. In some patients, the click is followed by a mur-
mur; in others, only a murmur is present. The murmur has 
typical features:

 ■ A typical late systolic murmur is unmistakable and 
confirms the diagnosis.

 ■ The murmur is usually crescendo-decrescendo, the 
auscultator gets the impression that the murmur is 
occurring synchronously with S2, and the murmur 
often extends through A2.

 ■ A whoop, a short honking sound, or a sound of other 
musical quality may highlight the murmur, which 
changes in intensity depending on left ventricular  
volume and BP.

 ■ The late systolic murmur or click is heard earlier and 
made louder by the following maneuvers that reduce 
left ventricular volume: standing, tilting upright, Vals-
alva, and tachycardia. Amyl nitrite decreases ventricu-
lar volume and BP; the murmur is heard earlier but is 
made softer.

 ■ The murmur or clicks are heard later and are softer 
with maneuvers that increase left ventricular volume 
or decrease BP: squatting, bradycardia, beta-blocking 
agents. The physician should listen to the patient lying, 
standing and squatting because the murmur may be 
heard only on standing. With more severe mitral regur-
gitation, the murmur lasts longer and may become 
pansystolic.

 ■ When chordal rupture occurs, the murmur changes in 
quality and radiation.

 ■ The posterior mitral leaflet often has three scallops; 
rupture of the chordae to the middle scallop of the 
posterior leaflet is the most common chordal rupture. 
The resulting murmur radiates anteriorly and is maximal 
at the left lower sternal border and radiates toward the 

upper right sternal edge. The crescendo-decrescendo 
quality may simulate an aortic systolic murmur. The 
late timing of the murmur of mitral valve prolapse diff-
erentiates the murmur from the early timing of aortic 
valvular murmurs.

 ■ Chordal rupture of the anterior leaflet causes the mur-
mur to radiate to the posterior axilla.

 ■ The flail mitral valve produces a loud murmur, the 
intensity of which is characteristically accentuated 
over the spine and may be heard from the occiput to 
the sacral spine.

 ■ The mitral regurgitant jet can be identified by TEE; it 
moves in a counterclockwise direction with flail ante-
rior leaflet involvement and in a clockwise direction 
with posterior leaflet involvement.

 Approximately, 15% of patients with mitral valve pro-
lapse have skeletal abnormalities: “straight back”, pectus 
excavatum or pectus carinatum, scoliosis, or some fea-
tures of Marfan syndrome.

Echocardiography
Echocardiographic findings are shown in Figures 15.15 
and 15.16.

Complications
1. Severe mitral regurgitation occurs in approximately 

10% of patients with true mitral valve prolapse and is 
five times more common in men greater than 45 years 
old than in women.

2. Although mitral valve prolapse occurs most com-
monly in women, severe mitral regurgitation requiring 
surgery occurs in about 5% of men and less than 1.5% 
of women. Chordal rupture is a common occurrence 
in patients with severe mitral regurgitation.

3. Arrhythmias commonly occur and include ventricular 
premature beats, atrial ectopics, paroxysmal supra-
ventricular tachycardia, and occasionally atrial fibril-
lation. Lethal arrhythmias have been reported.

4. Sudden death, although rare, may occur in healthy young 
active individuals and is unexplained. Patients with 
mitral valve prolapse who die suddenly appear to have 
the following clinical and morphologic hallmarks:
 ■ Women age of 21–51 years may not have significant 

mitral regurgitation
 ■ Dilated mitral valve annulus
 ■ Elongated anterior mitral valve leaflet
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 ■ Abnormal elongated posterior mitral leaflet; often 
there is herniation of the posterior leaflet above the 
anterior leaflet

 ■ A fibrous endocardial plaque under the posterior 
mitral valve leaflet (a common finding)

 ■ Significant, moderate to severe prolapse of the 
mitral valve

 ■ Ruptured chordae
 ■ Mitral regurgitant murmur (50%)
 ■ A click (only 25–37%)
 ■ Arrhythmia (>50%); ventricular premature beats 

(approximately 33%)
 ■ Endocarditis: The exact incidence of endocarditis in 

patients with true mitral valve prolapse is unknown 
but is estimated to be 1 in 6,000 in all patients with 
mitral valve prolapse and 1 in 2,000 of patients with 
mitral regurgitation.

 ■ Systemic embolization: Transient ischemic attacks, 
stroke, retinal arteriolar occlusions, and amau-
rosis fugax are rare complications of mitral valve 
prolapse resulting from embolization of bland 
emboli; the exact incidence has not been accu-
rately assessed.

RHEUMATIC FEVER
Rheumatic fever is now rare in North America and the 
Western world but is still prevalent in Asia, the Middle 
East, Africa, and Latin America, and is the most commonly 
acquired heart disease in childhood.

Clinical Features
The peak incidence is from the age of 5–15 years; rheu-
matic fever is uncommon under the age of 5 years and 
virtually unknown under age of 2 years. Symptoms are  
manifest 2–3 weeks after group A streptococcal pharyngitis, 
which causes a hyperimmune reaction in susceptible indi-
viduals. 
 Valvulitis causes verruciform deposition of fibrin along 
the closing portion of the leaflets. An apical pansystolic 
murmur grade I and II is common with valvular involve-
ment and is usually accompanied by a short, low-pitched 
rumbling, mid-diastolic apical murmur, and its presence 
serves to distinguish the systolic murmur of carditis from 
common innocent systolic murmurs that are typically 
early or midsystolic vibratory murmurs or a scratchy short-

ejection systolic murmur located between the pulmonary 
area and the lower left sternal edge.

Symptoms and Signs
 ■ Fever for 2–3 weeks, anorexia, weight loss.
 ■ Arthritis occurs in over 80% of patients and is more pro-

nounced in older patients. It takes the form of flitting 
or migratory polyarthritis. Pain, redness, and swelling 
usually occur in large joints, knees, elbows, wrists, and 
shoulders; notably, the latter joint is rarely involved 
in other arthritis. A single joint is inflamed for about 
1 day to 1 week only; the pain resolves completely and 
then moves on to the second joint. There is typically no 
deformity of joints.

 ■ Sinus tachycardia.
 ■ Subcutaneous nodules occur in up to 12% of cases.
 ■ Erythema marginatum in up to 10% of individuals. This 

is an effervescent, nonpruritic rash with pink circum-
scribed circles with a pale center mainly involving the 
trunk.

 ■ Sydenham’s chorea (St. Vitus dance) may last for weeks 
to months and, rarely, for a few years.

 ■ Pancarditis is more common in the young, who have 
minimal or no arthritis. When rheumatic fever “licks” 
the joints, the disease often spares the heart.

 ■ New murmurs, friction rub, cardiomegaly and heart 
failure indicate pancarditis.

 ■ An apical pansystolic murmur grade I and II is com-
mon with valvular involvement and is usually accom-
panied by the Carey-Coombs murmur: a short, low-
pitched rumbling, mid diastolic apical murmur, and its 
presence serves to distinguish the systolic murmur of 
carditis from common innocent systolic murmurs that 
are typically early or midsystolic vibratory murmurs 
or a scratchy short-ejection systolic murmur located 
between the pulmonary area and the lower left sternal 
edge.

 ■ First-degree atrioventricular (AV) block or, rarely, bundle 
branch block occurs.

 Jones criteria: If supported by evidence of preceding 
group A streptococcal infection, the presence of two major 
manifestations or of one major and two minor manifesta-
tions indicates a high probability of acute rheumatic fever. 
Major manifestations include the following:

 ■ Carditis
 ■ Polyarthritis
 ■ Chorea
 ■ Erythema marginatum
 ■ Subcutaneous nodules.
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Minor manifestations include the following:
 ■ Arthralgia and fever.
 ■ Elevated acute phase reactants, erythrocyte sedimen-

tation rate, C-reactive protein (CRP) and prolonged PR 
interval.

Supporting evidence of antecedent group a streptococcal 
infection includes the following:

 ■ Positive throat culture or rapid streptococcal antigen 
test.

 ■ Elevated or rising streptococcal antibody titer.

Therapy
Acute Pharyngitis
Prophylaxis of rheumatic fever requires aggressive treatment 
of the initial attack of pharyngitis with 500 mg of oral penicil-
lin G immediately and then 250 mg four times daily for 10 
days, or intramuscular benzathine penicillin G 1.2 million 
units in patients over 60 lbs and 600,000 units for patients 
less than 60 lbs. A dose of 250–500 mg of clarithromycin twice 
daily for 7–14 days or clindamycin (150 mg every 8 hours) is 
administered to patients allergic to penicillin.

Arthritis
This is controlled with enteric-coated aspirin (100 mg/
kg daily) in four divided doses to achieve a blood level of 
20–25 mg/dL. Corticosteroids should be avoided because 
they produce no better results than aspirin.

Pancarditis
Modified bed rest is necessary for several weeks until signs 
of carditis are improved or unchanging. The sedimentation 
rate should revert to normal, and the CRP should become 
negative.
 Enteric-coated aspirin should be given if fever and 
carditis is present, as well as for arthritis. Corticosteroids 
are not usually indicated and are used only if carditis is 
progressive with manifestation of cardiomegaly and heart 
failure. When required, prednisone (60–80 mg/d; 1.0–1.5 
mg/kg/d) is administered in four doses for a period of 
4–6 weeks. The dose is then reduced slowly with mainte-
nance of aspirin. The possibility of steroid rebound may 
be reduced by using aspirin as overlapping therapy with 
steroids for 2–3 weeks, during which time the steroids are 
weaned off. Pericarditis should be managed with aspirin 
or nonsteroidal anti-inflammatory drugs (NSAIDs); if no 
response, try colchicine.

Atrial Myxoma
Benign primary cardiac tumors are uncommon and 
malignant tumors are rare. Metastatic tumors occur more 
often than primary tumors of the heart, but rarely causes 
functional disturbances. A left atrial myxoma is the most  
common cardiac tumor and is usually symptomatic.
 Symptoms include fever, weakness, malaise, Raynaud’s 
phenomenon and finger clubbing. The diagnosis may be 
missed because of nonspecific findings. Cardiac symp-
toms include shortness of breath on exertion, paroxysmal 

Figs. 15.17A and B: Two-dimensional transthoracic echocardio-
graphy. Parasternal long-axis (A) and apical four-chamber (B) 
views showing a large left atrial myxoma causing mitral valvular 
obstruction during diastole.
Source: Nanda NC. Comprehensive Textbook of Echocardiogra-
phy, 1st edition. New Delhi: Jaypee Brothers Medical Publishers 
(P) Ltd; 2014. p. 847.

A

B
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nocturnal dyspnea, syncope and palpitations. Emboli-
zation of tumor fragments may cause transient cerebral 
ischemia attacks or small strokes. Embolization may occur 
to the limbs causing limb ischemia. Multiple embolization 
may mimic vasculitis or infective endocarditis. Mobile 
pedunculated left atrial myxomas may prolapse into the 
mitral valve orifice, causing obstruction to blood flow that 
result in syncope or cardiogenic shock (Figs. 15.17A and B).
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Arrhythmias Diagnosis 
and Treatment

16
CHAPTER

INTRODUCTION
Rapid heartbeats or an irregular cardiac rhythm may 
accompany most forms of heart disease. The process is 
often benign, but potentially lethal arrhythmias must be 
assessed carefully and treated to prevent cardiac events.

Premature Beats
Patients speak of “palpitations” to describe the heartbeat  
when it is fast, pounding, skipping with a pause, or irregular 
Figure 16.1 shows ventricular premature beats (VPBs). Note 
the long compensatory pause, a heart pause described 
by patients as: heart stopped, or paused or skipped beat  
(Figs. 16.2A and B).
 Palpitations are the most common complaints, and 
usually caused by premature beats. Premature beats may 
be due to either heart disease or extracardiac conditions, 
but often, they have no definable cause.

 ■ Coffee or alcohol consumption is the most common 
culprits in those with normal or slightly abnormal 
hearts

 ■ Feel the pulse; in the majority the irregularly has a 
 pattern to it; feels regularly irregular; 2 or 3 beats 
than a skipped or extra beat/this is typical of atrial or 
 ventricular premature beats (VPBs); whereas atrial 
fibrillation is chaotic beats; irregularly—irregularly 
or say: “completely irregular” with no pattern to the 
abnormal rhythm.

Treatment
 ■ Cessation of coffee, alcohol or other drinks cures the 

condition in many.
 ■ If the arrhythmia is bothersome; and there is no 

 contraindication (asthma, COPD) give a beta-blocker; 
bisoprolol 2.5–5 mg/day (metoprolol 25 my BID) phy-

Fig. 16.1: Ventricular premature beats (VPBs). Multifocal VPBs.
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A

Figs. 16.2A and B: Ventricular premature beats (VPBs). Note the distance from the R wave of the normal QRS complex to the R of 
the VPB is constant: this indicates that the coupling interval is the same and this connotes a better prognosis compared with VPBs 
with varying coupling intervals, multifocal VPBS are shown in Figure 16.1, and couplets in Figure 16.2B. (A) VPBs; note compensatory 
pause; (B) VPBs in pairs, couplets.

B

sician’s reassurance should produce a good response 
in most and the mediation can be weaned-off after a 
few weeks to months. 

 ■ Drugs except beta-blockers used to suppress VPBs often 
have proarrhythmic effects and cause arrhythmias that 
are life-threatening. The dangers of flecainide, encainide 
and moricizine have been documented.

 ■ Ventricular premature beats in the presence of 
ischemia or acute MI are best controlled with the use 
of a beta-blocking drug. These agents are lifesaving, 
and although their effects are modest, they should be 
used as the first choice. Arrhythmias are controlled in 
particular when induced by increased catecholamine 
secretion or in the presence of ischemia.

 Bisoprolol 5–10 mg, or metoprolol 50–100 mg twice 
daily, may be given a trial. Sotalol should not be used for 
the treatment of VPBs because this is the only beta-blocker 
that may precipitate torsades de pointes. Sotalol should be 
reserved for the management of paroxysmal atrial fibrilla-
tion and VT or life-threatening arrhythmias.

DIAGNOSIS
For most arrhythmias, an ECG diagnosis is crucial: 

 ■ Establish the ECG diagnosis by carefully examining all 
12 leads of the ECG and the rhythm strip of leads II 
and V1. P waves are usually best seen in leads II and 
V1. In patients with arrhythmias, the P wave position 
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and morphology in leads II and V1 provide crucial 
 diagnostic information.

 ■ See Chapter 5, ECG Interpretation Made Easy for 
 further diagnostic details.

 Fast rate tachycardias also known as tachyarrhyth-
mias, should be considered under four categories: We 
describe: narrow and subdivide; some commence with 
regular or irregular then devide into narrow or wide. Par-
oxysmal supraventricular tachycardia SVT is commonly 
caused by AVNRT and is always regular, usually narrow, 
rarely it may be wide and thus mimic VT. If the rhythm is 
irregular it is not AVNRT; thus regular/irregular is a good 
concept.
1. Narrow QRS regular tachycardia: Supraventricular 

tachycardia (SVT), (usually an AV nodal reentrant 
tachycardia); atrial flutter with fixed AV conduction, 
atrial tachycardia (AT), Wolff-Parkinson-White (WPW) 
orthodromic circus movement tachycardia.

2. Narrow QRS irregular tachycardia: Atrial fibrillation, 
atrial flutter with variable AV conduction, AT variable 
block, multifocal atrial tachycardia (MAT).

3. Wide QRS regular tachycardia: Ventricular tachycar-
dia (VT), SVT with preexisting or functional bundle 
branch block include: AV nodal reentrant tachycardia 
(AVNRT), WPW syndrome (orthodromic), AT, atrial 
flutter with fixed AV, conduction, WPW syndrome 
(antidromic preexcited tachycardia).

4. Wide QRS irregular tachycardia: Atrial fibrillation [with 
bundle branch block or with WPW syndrome (antidro-
mic)] and atrial flutter (varying AV conduction, with 
bundle branch block, torsades de pointes).

Narrow QRS Regular Tachycardia
 ■ Paroxysmal SVT is usually AVNRT, a common form of 

SVT: The rate is commonly 180–220 beats/min (Figs. 
16.2 and 16.3). If there is a regular fast rhythm and SVT 
is suspected, check for carotid bruits and a history of 
stroke or transient ischemic attack before considering 
carotid sinus massage.

 ■ Cannon A waves occur when the right atrium contracts 
against a closed tricuspid valve and can be seen in AV 
nodal reentrant tachycardia, complete heart block and VT.

 ■ Atrial flutter with fixed AV conduction, regular rhythm 
(Fig. 16.4): Ventricular rate is commonly 150 beats/
min with an atrial rate of 300 beats/min and a 2:1 AV 
 conduction (Fig. 16.4). Figures 16.5A and B show a 
rapid ventricular rate. 

 ■ Figure 16.6A shows the  ECG from a patient with WPW  
syndrome, orthodromic circus movement rapid tachy-
cardia; 16.6B the  same patient ECG:  sinus rhythm.

Narrow QRS Irregular Tachycardia
 ■ Atrial fibrillation
 ■ Atrial flutter when AV conduction is variable (Fig. 16.5B) 
 ■ Multifocal atrial tachycardia.

A
Fig. 16.3A
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Figs. 16.3A and B: (A) Narrow, regular QRS tachycardia, rate 170 beats/min: supraventricular tachycardia, common variety of atrioven-
tricular nodal  re-entrant tachycardia [AVNRT]. (B) ECG shows atrioventricular nodal reentrant tachycardia: note the distortion of terminal 
forces, pseudo-S waves, in leads II, III, and aVF, and a pseudo-r′ wave in lead V1.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders/Elsevier Science; 2006.

B

Atrial Fibrillation
Atrial fibrillation is the most common arrhythmia encoun-
tered in the emergency room (ER) or physician office; 
a ventricular rate of 70–100/min is a reasonable goal to 
achieve (Fig. 16.7; rapid rates, Figs. 16.8A and B).

Atrial Flutter
Irregular rhythm is shown in Figures 16.5B and 16.8 to 
16.10.

Wide QRS Regular Tachycardia
 ■ Ventricular tachycardia is life-threatening. It is best 

to consider most wide complex regular tachycardia 
as VT, unless clues suggest AVNRT with previously 

known intraventricular conduction delay (IVCD). It 
is necessary to study the entire 12-lead tracing with 
 particular emphasis on leads V1 to V6; lead II may be 
useful for assessment of P waves and AV dissociation. 
Regular wide with Negative concordance in most of V1 
V6 is diagnostic of VT (Fig. 16 11A).

 Positive concordance in leads V1–V6 can be caused 
by VT would be regular or WPW antidromic (preexcited) 
tachycardia, but this is irregular tachycardia.
 Figures 16.12 and 16.13 show runs of nonsustained VT.

 ■ Supraventricular tachycardia, with bundle branch 
block or functional bundle branch block.

 ■ Wolff-Parkinson-White syndrome, using the acces-
sory pathway for anterograde conduction, preexcited 
tachycardia with rates of more than 220 beats/min 
(Fig. 16.11B).
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Fig. 16.4: Atrial flutter.
Note: A ventricular rate of 150 beats/min is a clue to atrial flutter with 2:1 AV conduction, regular rhythm; the prominent saw-tooth pattern 
in II, III, aVF is typically absent in I, V5, V6.

Figs. 16.5A and B: (A) Rapid narrow QRS regular tachycardia; flutter waves lead II, III, aVF. Note no such waves in lead I V6 is a clue 
to confirming the diagnosis of atrial flutter. (B) Atrial flutter at variable conduction ratio; irregular rhythm, note spiky P waves in V1.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders/Elsevier Science; 2006.

A

B
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Figs. 16.6A and B: Wolff-Parkinson-White orthodromic circus movement tachycardia. (A) Narrow QRS regular tachycardia, rate 230 
beats/min: orthodromic circus movement tachycardia. (B) Shows the ECG from the  same patient with WPW syndrome in sinus rhythm. 
A rapid rate >220/min should arouse suspicion of WPW arrhythmia.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders/Elsevier Science; 2006, Figure. 
5.71, p. 125; Figure 5.68; p. 122.

Fig. 16.7: Atrial fibrillation with normal mean ventricular response 70 beats/min. 

A B

Wide QRS Irregular Tachycardia
 ■ Atrial fibrillation, with intraventricular conduction delay.
 ■ Wolff-Parkinson-White antidromic tachycardia, ante-

ro grade conduction over the accessory pathway, caus-

ing atrial fibrillation and preexcited tachycardia 
at fast rates wide QRS, but is irregular thus not VT  
(Fig. 16.11B). 
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Figs. 16.8A and B: (A) Atrial fibrillation quick ventricular response. (B) Atrial fibrillation rapid ventricular response.

A

B

 Torsades de pointes is a polymorphic VT that usually 
occurs in the presence of a prolonged QT interval. The RR 
interval is irregular; the QRS complexes show a typical 
twisting of the points. The amplitudes of complexes vary 
and appear alternately above and below the baseline.
 The ventricular rate varies from 200 beats/min to 
300 beats/min, but can reach 400 beats/min and is usu-
ally nonsustained, lasting 0.5–1 minute. Longer episodes 
degenerate into VT. Drugs and conditions that increase 
the QT interval may precipitate torsades de pointes and 
include quinidine, procainamide, amiodarone, disopyra-

mide, sotalol, tricyclic antidepressants, phenothiazines, 
histamine H1 antagonists such as terfenadine, antiviral 
and antifungal agents, hypokalemia, hypomagnesemia, 
insecticide poisoning, bradyarrhythmias, congenital long 
QT syndrome, cirrhosis, and subarachnoid hemorrhage.

Bradyarrhythmias

Sinus Bradycardia
Sinus rhythm with rates of 45–60 beats/min is com-
monly observed in healthy individuals, and rates of 
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36–42 beats/min occur in most athletes. Causes of sinus 
bradycardia include physiologic causes; ischemic heart 
disease, sick sinus syndrome, hypothyroidism and  
cardioactive drugs, in particular beta-blockers, digoxin 
and verapamil.

First-degree Atrioventricular Block
 ■ The normal PR interval ranges from 0.12 second to 0.20 

second.
 ■ Some normal individuals have intervals of 0.22 second.

Second-degree Atrioventricular Block
Patients with second-degree AV block should be cat-
egorized as having Mobitz type I (some show Wenck-
ebach phenomenon) or Mobitz type II block. Two types 
of second-degree AV block were originally described by 
Wenckebach and Hay from their analysis of the A, C and 
V waves in the jugular venous pulse; with the introduction 
of the ECG, Mobitz classified these blocks as type I and 
type II.

Fig. 16.9: Fast rate 125; narrow QRS irregular tachycardia; flutter waves 11, 111 aVF that show sharply descending T waves, yet silent 
in lead 1: atrial flutter; irregular because of varying degrees of AV conduction. 

Fig. 16.10: Atrial flutter, irregular rhythm as variable AV conduction; distinct flutter waves as slow; but note no such waves in lead 1, V6.
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Figs. 16.11A and B: (A) ECG hallmarks of ventricular tachycardia concordant negativity in leads V1–V6; predominantly negative V1–
V6; left “rabbit ear” more than right in V1, QS or rS in V6; (B) ECG from a 46-year-old man with a few short bouts of nonbothersome 
palpitations over 3 years. Onset of rapid tachycardia with presyncope resulted in an emergency room assessment. ECG  reveals atrial 
fibrillation, rapid ventricular response, and wide QRS indicating conduction down the accessory pathway (antidromic, preexcited circus 
movement). Intravenous procainamide caused reversion; the ECG in sinus rhythm showed Wolff-Parkinson-White syndrome. The pa-
tient had electrophysiologic studies and successful ablation.
*Or concordant negativity in leads V1 to V6; positive concordance in leads V1 to V6 can be caused by ventricular tachycardia or Wolff-
Parkinson-White antidromic (preexcited) tachycardia but the latter is irregular, see Figure 16.11B.
**It is necessary to study the entire 12-lead tracing with particular emphasis on leads V1 to V6; lead II may be useful for assessment of 
P waves and atrioventricular dissociation.
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd edition. Philadelphia: WB Saunders/Elsevier Science; 2006, p. 135, 
Figure 5.80, and Figure 5.83A, p.139.

A B

BA
Figs. 16.12A and B
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 Mobitz type I atrioventricular block: Mobitz type I 
(Wenckebach) AV block is shown in Figure 16.14. 

ECG Hallmarks
 ■ The PR interval may begin within normal limits or 

may be slightly prolonged, then with each beat, the PR 
interval gradually lengthens. Finally, the impulse fails to 
reach the ventricles, and the QRS complex is dropped.

 ■ Following the dropped beat, the PR interval reverts to 
near normal and is the shortest PR (Fig. 16.14).

 ■ The beats are grouped in pairs or trios (bigeminy or 
trigeminy). The long cycle containing the dropped 
beat (pause) is shorter than two of the shorter cycles 
because it contains the shortest PR interval. This type 

of benign block may be observed with acute inferior 
 myocardial infarction (MI), rheumatic fever, acute 
myocarditis, paroxysmal atrial trachycardia (PAT), old 
age, digitalis toxicity, and administration of verapamil 
and diltiazem. Block is at the level of the AV node and 
rarely progresses to Mobitz type II or complete AV 
block.

 The differential diagnosis for marked bradycardia, slow 
rate of less than 42 beats/min include: sinus bradycardia; 
nonconducted atrial premature beats (APBs) (bigeminy), 
sinoatrial block (SA block).
 A variety of AV block (2:1 AV block, 3:1 block, complete 
AV block, and atrial fibrillation or flutter with complete AV 
block during which the ventricular rate becomes regular  

C

Fig. 16.13: Holter recording, run of nonsustained ventricular tachycardia.

Figs. 16.12A to C: Holter monitor showing multifocal ventricular pre-
mature beats, couplets (A); salvo: nonsustained ventricular tachycardia 
(B and C).
Source: Adapted from Khan M Gabriel. On Call Cardiology, 3rd  
edition. Philadelphia: WB Saunders/Elsevier Science; 2006.
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Fig. 16.14: Second degree AV block: Type 1. Typical Wenckebach phenomenon: Note in leads V1 and V3, beat 3, there is PR prolonga-
tion, a QRS complex followed by a dropped beat. The P wave deformes the T wave of the third beat; then a long pause as failure to con-
duct this P wave. After a pause the PR following is the shortest (4th QRS); beat 7 is followed by a pause. Wenckebach in 1999 without 
an ECG concluded from the venous pulse waves the phenomenon. Mobitz in 1924 with the ECG defined type 1 and type 2 AV blocks.

because of a AV junctional rhythm or idioventricular 
rhythm) recheck.

Mobitz Type II Atrioventricular Block

Diagnostic Features
 ■ At least two regular and consecutive atrial impulses 

are conducted with the same PR interval before the 
dropped beat (Fig. 16.15).

 ■ With high-grade block (2:1, 3:1), two or more consecu-
tive atrial impulses fail to be conducted, in particular 
when the atrial rate is slow, at less than 135 beats/
min, and in the absence of interference by an escaping 
 subsidiary pacemaker.

 ■ The QRS complex may be narrow if the conduction 
problem is in the His bundle and more than 0.12 sec-
ond if the lesion is situated below the His bundle. The 
condition may precipitate third-degree AV block.

 ■ The PR interval is normal or slightly prolonged, but 
remains constant, as opposed to Mobitz type I, in 
which the PR interval usually becomes prolonged 
before the dropped beat.

 ■ Ventricular rhythm is irregular because of noncon-
ducted beats.

 Mobitz type II block is usually caused by fibrotic  
disease of the conduction system or anteroseptal MI and 
may cause syncope or complete AV block. The condition 
is made worse by atropine, exercise, or catecholamines, 
whereas Mobitz type I block improves with atropine or 
exercise.

Third-degree Atrioventricular Block
On examination, the heart rate is usually less than 42 
beats/min except in congenital heart block. Cannon A 
waves occur when the right atrium contracts against a 
closed tricuspid valve and can be seen in AV nodal reen-
trant tachycardia, complete heart block and VT.
 Complete AV block is a serious condition and requires 
prompt diagnosis and treatment.
 ECG hallmarks: The ventricular rate is very slow, usu-
ally less than 42 beats/min, but with congenital AV block, 
rates may be 40–60 beats/min.

 ■ P waves are sinus waves and plentiful with very few QRS 
complexes. AV dissociation; no relationship between P 
waves and QRS complexes; complete absence of AV 
conduction (Fig. 16.16). 

 ■ The RR intervals are regular. The QRS complex is 
 narrow if the site of block is in the AV node with an 
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Fig. 16.16: Complete heart block. Very slow rate, RR intervals are regular, P waves are plentiful, but bear no relation to the QRS: AV 
dissociation; P-to-P waves are regular.

Fig. 16.15: Mobitz type II second-degree atrioventricular block. There is a 3:2 conduction. The QRS complex has a left bundle branch 
block morphology. Two regular and consecutive atrial impulses are conducted with the same PR interval before the dropped beat.
Source: Adapted from Chou T-C: Electrocardiography in Clinical Practice, 4th ed. Philadelphia, Saunders, 1996, p 453 with permission, 
Elsevier.

escape rhythm originating in the AV junction. The QRS 
complex is wide if the escape rhythm originates from 
the ventricle or in the AV junction in the presence of 
bundle branch block.

 ■ With complete AV block, anterograde conduction 
never occurs, but in less than 20% of complete AV 
blocks, retrograde conduction to the atria occurs. AV 

dissociation may occur without the presence of third-
degree AV block (Fig. 16.17).

TREATMENT FOR ARRHYTHMIAS
 ■ Verify the patient’s degree of distress and the presence 

or absence of chest pain or clouding of consciousness.
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Fig. 16.17: Third-degree atrioventricular block. Plentiful P waves that are regular and best seen in V1. The favorite lead along with lead 
11 to assess arrhythmias, P waves marching through, at quick rate, and no connection with the slow regular QRS complexes.

 ■ Verify the BP. Patients with hypotension caused by 
tachycardia look sick or critical. Most patients with 
SVT and nonsustained VT maintain their BP and may 
not look distressed.

 ■ Assess the jugular venous pressure and for crackles 
over the lower lung fields to exclude congestive heart 
failure (CHF).

 ■ If the rhythm is irregular, assess if this is regularly irreg-
ular owing to premature beats or completely irregular 
(irregularly irregular) owing to atrial fibrillation.

 ■ If atrial fibrillation is present, recheck the apical rate 
and the pulse rate. A pulse deficit is usually present.

 ■ With atrial flutter, the heart rate may be regular or 
irregular.

 ■ “Treat the unstable patient, often by direct current 
(DC) synchronized cardioversion”.

 ■ Define and treat or remove precipitating factors:
 ◆ Heart Failure (HF)
 ◆ Ischemia 
 ◆ Digitalis toxicity
 ◆ Beta stimulants and theophylline 
 ◆ Sick sinus syndrome
 ◆ Mobitz type II or third-degree AV block
 ◆ Thyrotoxicosis 
 ◆ Hypokalemia 
 ◆ Hypomagnesemia
 ◆ Hypoxemia 

 ◆ Acid-base imbalance
 ◆ Chronic obstructive pulmonary disease (COPD)
 ◆ Wolff-Parkinson-White syndrome
 ◆ Pulmonary embolism
 ◆ Ruptured esophagus
 ◆ Define the mechanism of the arrhythmia: Distur-

bance of impulse generation, enhanced activity 
or ectopic or disturbance of impulse conduction, 
reentrant arrhythmias, reentry is the major mecha-
nism for VT.

 If the patient is unstable, immediate synchronized 
 cardioversion is necessary for the patient to revert to a 
 normal sinus rhythm.

MANAGEMENT OF NARROW QRS 
REGULAR TACHYCARDIA
If the patient is stable and there is no evidence of cer-
ebrovascular insufficiency, transient ischemic attacks, or 
carotid bruits, try carotid sinus massage. Carotid sinus mas-
sage causes conversion to sinus rhythm or has no effect.

Valsalva Maneuver
In patients with SVT, a modified Valsalva manoeuvre with 
leg elevation and supine positioning at the end of the strain 
should be considered as a routine first treatment, and can 
be taught to patients (Appelboam et al. 2015).
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Adenosine
Adenosine (Adenocard) is a relatively safe agent for the 
termination of AVNRT. Adenosine has replaced vera-
pamil where rapid conversion of the tachyarrhythmia is 
required, in particular when HF or hemodynamic com-
promise is present, and avoids DC cardioversion in many 
patients. Adenosine is safer than verapamil because it 
does not cause CHF or severe hypotension and does not 
pose a threat in patients with WPW orthodromic tachy-
cardia. In patients with SVT with aberration, no harm 
occurs if the diagnosis is VT, whereas the use of vera-
pamil is detrimental.
 After IV quick bolus injection, adenosine has a rapid 
onset of action within 5–30 seconds and converts up to 
90% of paroxysmal supraventricular tachycardias (PSVTs) 
to sinus rhythm. The drug is also effective for AV recipro-
cating tachycardia in which an extranodal pathway forms 
the retrograde portion of the circus movement and the AV 
node constitutes the anterograde limb. This agent is not 
effective in ectopic AT and MAT.
 Adenosine, in decreasing AV conduction, unmasks 
atrial flutter and assists with diagnosis. Adenosine also 
has a role in patients with suspected ST with aberration. In 
patients with misdiagnosed VT, verapamil may precipitate 
HF and other life-threatening complications. Adenosine, 
in this situation, causes reversion if the rhythm is owing to 
AV nodal reentry, and its effect on VT is transient and not 
detrimental because of its ultra short half-life.
 The drug has a very short half-life (l < 5 second) because 
it is avidly taken up and metabolized by adenosine deami-
nase in endothelial and red blood cells. The drug’s short 
half-life of less than 2 seconds allows for rapid dose titra-
tion and rapid disappearance of minor side effects, which 
include facial flushing, dyspnea, chest pain and bronchos-
pasm. Avoid the drug in patients with asthma.
 Dosage is a rapid IV bolus of 6 mg (over 2 seconds), 
directly into a peripheral vein; if given into an IV line, it 
should be followed by a rapid saline flush. (The solution 
must be clear at the time of use.) This dose usually causes 
reversion to sinus rhythm in 1 minute. The arrhythmia 
recurs in approximately 25% of cases. A second bolus 
injection of 12 mg usually causes sustained reversion. The 
initial dose needs to be reduced to 3 mg or less as a bolus 
in patients taking a beta-blocker, diltiazem, verapamil, or 
dipyridamole.
 The 12 mg dose may be repeated in 2–5 minutes, if 
required, and may be given via a larger vein than used in 
prior IV injection. Further recurrence of the arrhythmia  

calls for alternative therapy. In 10–30% of cases, arrhythmia 
recurs within minutes of the first injection of adenosine. 
A smaller dose is required if the drug is given through a 
central vein. A dose of 6 mg administered through a central  
vein in the same patient may have a potent effect, whereas 
a 12 mg dose may be ineffective when administered 
through a small peripheral vein.

 ■ The drug is useful in infants with rapid PSVT, with 
hemodynamic compromise particularly because elec-
trical cardioversion can cause deleterious effects on 
the myocardium at this age.

 Pediatric dose: 50 µg/kg, increase at 50 µg/kg incre-
ments if needed to 150 µg/kg. The drug should be used 
cautiously in infant with right to left shunting.
 Caution: Adenosine is contraindicated in patients with 
acute MI, unstable angina asthma and unstable COPD. 
The effects of adenosine are enhanced by dipyridamole 
and antagonized by theophylline. The drug must not be 
administered into the distal port of a balloon flotation 
catheter.

Verapamil
Verapamil is contraindicated for wide QRS tachycardias 
that suggest VT because fatal events can occur; also sick 
sinus syndrome, atrial flutter, or suspected WPW syn-
drome: hypotension, BP less than 110 mm Hg, angina, 
acute MI, CHF, or cardiomegaly; beta-blocker, disopyra-
mide, amiodarone or digoxin use within the past 24 hours. 
This agent should be used only in an ER with cardiac 
monitoring. Consider only in patients with asthma and 
 contraindications to use of adenosine.
 Dosage is 0.075–0.15 mg/kg intravenously; a 5 mg bolus 
given slowly over 2–3 minutes, with continuous monitoring 
of cardiac rhythm followed, if needed, by a 10 mg bolus. In 
elderly patients, a 2.5 mg bolus should be tried. The second 
bolus is usually given if Valsalva’s maneuver fails to pro-
duce reversion to sinus rhythm. The second dose, less than 
or equal to 5 mg, may be considered after 30 minutes.

Esmolol
Indications: Management of uncomplicated cases of PSVT 
not terminated by adenosine and when adenosine or 
 verapamil are contraindicated, especially during acute MI.
 Dosage: Initial loading infusion of 3–40 mg (usually  
6 mg), IV infusion over 1 minute (30 to maximum  
500 μg/kg given over 1 minute), and then maintenance 
infusion 1–5 mg/minute (maximum 50 μg/kg/min). If 
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mild hypotension is present, the maintenance dose should 
be reduced to 1–3 mg/min.
 Adverse effects: Mild transient hypotension occurs in 
less than 25% of patients, more commonly in those with 
systolic blood pressure (SBP) less than 100 mm Hg, and 
improvement occurs within minutes of discontinuing the 
IV infusion.
 Propranolol: Dosage 1 mg IV given over 2 minutes, 
repeated every 5 minutes to a maximum of 5 mg.
 Metoprolol: Dosage 5 mg IV bolus over 3 minutes, 
then, if required, after 5 minutes, an additional bolus is 
given, and repeated if needed 5–10 minutes later.

Phenylephrine
This α-agonist increases BP, and the ensuing vagal activity  
results in sinus rhythm and has a role only in young 
patients with a normal heart when the SBP is less than 90 
mm Hg. When adenosine is not available, when contrain-
dications exist to the use of verapamil, or when cardiover-
sion is believed to be undesirable.
 Dosage: A total of 0.1 mg in 5 mL of 5% dextrose water 
given IV over 2 minutes. Repeat in 2 or 3 minutes. Allow 
1–3 minutes after each bolus for the BP to return to the 
baseline value before giving an additional bolus. Maxi-
mum dose is 0.5 mg. If this fails to produce sinus rhythm 
but stabilization of BP is achieved, verapamil or esmolol 
can then be administered.

Digoxin
Because of digoxin’s slow onset of action, the drug is not 
recommended except in patients with concomitant CHF 
and left ventricular dysfunction. In patients with recur-
rent PSVT after conversion with adenosine, digoxin can be 
used as maintenance.

Paroxysmal Supraventricular  
Tachycardia in Pregnancy
For acute management, adenosine, with a short half-life of 
less than 5 seconds, is advisable. Metoprolol or propranolol  
give beneficial results but should be avoided in the first  
trimester if possible. For prophylactic therapy, digoxin and 
metoprolol (or bisoprolol) are advisable.

Chronic Maintenance
Patients with frequent episodes (e.g. monthly and requir-
ing frequent visits to the ER) deserve daily medications; 

digoxin is economical and has a role as a one-a-day 
 tablet. A beta-blocker (bisoprolol or metoprolol) usually 
is effective in over 75% of patients. Verapamil or diltiazem 
although widely used, has only a modest prophylactic 
effect.

Catheter Ablation
Catheter ablation is the preferred therapy, over long-term 
pharmacological therapy, in the following:

 ■ For patients with frequent episodes of tachycardia
 ■ Related to lifestyle issues: For example, competitive 

athletes, recreational pilots; some patients with fast 
rates greater than 200 beats/min, who are not close to 
ER facilities for reversal and other considerations may 
be offered ablation as first-line therapy particularly 
because drug efficacy is less than 45%.

 ■ Patients with asthma in whom adenosine is relatively 
contraindicated, and beta-blockers cannot be used 
chronically.

Atrial Flutter
Atrial flutter tends to be unstable and may degenerate to 
atrial fibrillation or revert to sinus rhythm over 24 hours. 
Structural disease is usually present. Underlying heart 
 disease, hypoxemia secondary to pneumothorax, and 
 atelectasis should be excluded.
 “Electrical conversion”: Atrial flutter is converted 
 easily to sinus rhythm by synchronized DC shock using 
low energies of 25–50 J; this is usually necessary only in 
patients who are hemodynamically compromised and 
unstable, or if WPW syndrome is suspected.
 “Ibutilide” although claimed to be effective in approxi-
mately 60% is not recommended because it precipitates 
torsades de pointes in approximately 9% and should 
not be used in patients with EF of less than 35% because 
 polymorphic VT may be precipitated.
 Diltiazem: If the patient is hemodynamically stable, 
with a ventricular response of more than 180 beats/min, 
IV diltiazem may be used to slow the ventricular response. 
Dosage is 20 mg (0.25 mg/kg) over 2 minutes. If response 
is inadequate, wait 15 minutes and give a repeat bolus of 
25 mg (0.35 mg/kg over 2 minutes or infusion of 5 or 10 mg 
over 1 hour, to a maximum of 15 mg/hour). A beta-blocker, 
such as esmolol or metoprolol, may be used. With the ven-
tricular rate subdued to safe levels (70–120 beats/min) 
reversion may naturally occur over the next 24–48 hours 
depending on the underlying cause.
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 Digoxin, verapamil and beta-blockers are contraindi-
cated in patients with WPW syndrome who present with 
atrial flutter or fibrillation.

Digoxin
Digoxin is indicated in patients with CHF or left ventricular  
dysfunction. Removal of the underlying cause may be fol-
lowed by spontaneous reversion to sinus rhythm.

Propafenone and Flecainide
They are not recommended because of low efficacy (25% 
conversions) and these agents may accelerate the ventric-
ular response and precipitate ventricular fibrillation.

Chronic Maintenance
A combination of a beta-blocker; bisoprolol 5–10 mg 
(metoprolol or carvedilol) plus digoxin should achieve 
a rate of 70–100 beats/min; anticoagulant therapy with 
 warfarin or apixaban is advised.

MANAGEMENT OF NARROW QRS 
IRREGULAR TACHYCARDIA

Atrial Fibrillation
Worldwide this condition is reaching epidemic propor-
tions in patients with heart disease and in those with no 
significant heart disease. In patients with atrial fibrillation 
with or without underlying cardiac disease, thyroid func-
tion should always be assessed albeit to exclude a treatable 
thyrotoxic cause.
 Fortunately in most patients, a drug that controls 
the ventricular response 70–110 beats/minute provides 
 beneficial effects. 

 ■ The inexpensive digoxin well tried for more than 
100 is indicated if CHF, ventricular dysfunction, 
cardiomegaly,  or aortic stenosis is present, but is also 
useful in the many with no well-defined heart disease. 
This opinion is not shared by most experts.

 ■ Acute episode: If atrial fibrillation is acute, define the 
underlying cause. If the cause is cardiac, IV heparin 
should be started. More than 75% of patients revert 
to sinus rhythm over 24–48 hours; if there are no 
 contraindications, slowing of the ventricular response 
with diltiazem or a beta-blocking drug should suffice 
until sinus rhythm resumes naturally. If atrial fibril-
lation is more than 3 days in duration, in particular if 

valve disease is present, 3 weeks of warfarin therapy is 
instituted followed by synchronized DC cardioversion 
if there are no limiting circumstances. Sotalol 40–120 mg 
twice daily can be tried to maintain sinus rhythm but 
is poorly effective, approximately 40% as with other 
agents that have more side effects. Echocardiography 
is useful for making further decisions.

 ■ If CHF remission or left ventricular dysfunction is pre-
sent, a small dose of a beta-blocker, bisoprolol 2.5–5 
mg plus digoxin should suffice.

 ■ In patients with normal ventricular function, a beta-
blocker or digoxin alone may suffice; trial and error 
is needed. Sometimes a combination of digoxin and 
a beta-blocker may be required because digoxin 
may not control the ventricular rate during exercise 
or other activities in very active individuals. This is 
one reason experts advise a beta-blocker ahead of 
digoxin. But combinations reduce the dose of beta-
blocker which can cause erectile dysfunction or 
other adverse effects. 

Digoxin
Digoxin is safe if used by a watchful physician who checks 
kidney function and digoxin levels 4 monthly and use a 
maintenance of 0.25 mg daily if renal function is normal 
and 0.125 mg in all patients over age 70 years; and 0.0625 
mg/day for age 80–84 years or serum creatinine slightly 
abnormal estimated glomerular filtration rate (eGFR) 
45–60 mL/min.

 ■ Caution avoid the drug if the eGFR is less than 45 mL/
min; if this measurement is not available only use 
digoxin if the serum creatinine is normal; it must not 
be above the normal limit which varies from lab to lab 
worldwide. 

 ■ Digoxin level must be kept at 0.5– 1.0 ng/mL.

Sotalol
 ■ If atrial fibrillation is paroxysmal, sotalol may be tried 

to prevent recurrence but is successful in less than 
50%.

 ■ Sotalol is advisable in patients with paroxysmal atrial 
fibrillation, with the hope that sinus rhythm may be 
maintained, and in patients after conversion, to main-
tain sinus rhythm. Sotalol, 160–240 mg daily, seems to 
be as effective as quinidine which in most countries is 
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no longer available. Some reports indicate that quini-
dine is more effective, for maintenance of but this drug 
carries the risk of precipitating ventricular arrhythmias 
and cardiac events.

Caution
 ■ In patients with chronic atrial fibrillation, sotalol 

should not be used solely to control the ventricular 
rate because of the rare risk of torsades de pointes with 
this agent; any other beta-blocker should be used.

 ■ When sotalol is used, the serum potassium must be 
maintained at more than 4 mmol/L. Diuretics and all 
drugs that prolong the QT interval should be avoided.

Digoxin
Dosage of digoxin is 0.5 mg immediately, then, in 6 hours, 
0.25 mg. Further doses of digoxin should be given only after 
determining the apical rate clinically or from a rhythm 
strip. Usually a further dose of 0.25 mg is given 12 hours 
later, then a 0.25 mg maintenance dose is given daily. In 
some patients, if the ventricular rate remains at more than 
110 beats/min, the dosage can be increased to 0.375 mg 
daily. In patients more than 70 years old and in patients 
with renal dysfunction [i.e. a creatinine level of >1.3 mg/dL 
(>115 mmol/L)], the dose should be reduced to 0.125 mg 
daily, with close assessment of the apical response. Digoxin 
levels are not usually required in patients with atrial fibril-
lation because the dose can be titrated to the ventricular 
rate. Nonetheless, a test of the level is advisable in a few 
weeks, then every 4 months if renal dysfunction is present.

Diltiazem
Intravenous diltiazem is useful to reduce a fast ventricular 
rate except in patients with WPW syndrome; see previous 
discussion under atrial flutter.

Ibutilide 
Ibutilide, IV infusion 0.010–0.025 mg/kg over 10 minutes, 
is useful for conversion to sinus rhythm; see product mon-
ograph for warnings (hospitalization required).

Metoprolol
Dosage of metoprolol is 5 mg intravenously at a rate of  
1 mg/min; 5 minutes later, a second bolus of 5 mg is given; 

a third bolus of 5 mg may be required if the ventricular rate 
is more than 120 beats/min. Give a maintenance dose of 
25–50 mg orally twice daily; this can be increased over the 
ensuing months to 50–100 mg twice a day.

Anticoagulants
If atrial fibrillation is chronic, and valvular heart disease, 
cardiomegaly or dilated cardiomyopathy is present, anti-
coagulation with warfarin to maintain an International 
Normalized Ratio (INR) of 2–3 is advisable. If valvular heart 
disease is not present, but the patient is determined to be 
at high risk because of age more than 70 years, presence 
of CHF, with left ventricular dysfunction, or prior throm-
boembolism, anticoagulation is recommended. Patients 
at low risk (i.e. patients <65 years old with a  normal heart 
clinically and a normal echocardiogram) may be treated  
with aspirin, 325 mg once daily after meal. Future clinical  
trials will determine if this low-risk group should be treated 
with oral anticoagulants or aspirin.
 Although recent studies appear to indicate that the new 
anticoagulants are as good as warfarin for atrial fibrillation 
patients with valve disease. Currently. The old warfarin 
is irreplaceable for patients with significant valve disease  
particularly those with mitral stenosis. INR should be main-
tained 1.9–3; patients over age 80 years INR 1.8–2.8.

Vitamin K1
A markedly elevated INR may be lowered by high doses 
of IV vitamin K1 (e.g. 10 mg). Unfortunately this may be 
associated with anaphylactic reactions and may lower the 
INR more than necessary and lead to warfarin resistance 
for up to a week. Subcutaneous vitamin K1 is not advisable 
because its effect is unpredictable and sometimes delayed.  
Oral administration is preferred and is predictably effec-
tive; it has the advantages of safety over parenteral routes.

New Oral Anticoagulants/Replacement 
for Warfarin
In patients with marked fluctuations in INR and in whom 
the dose of warfarin needs to be altered several times it 
appears justifiable to choose a newer agent, but because 
they are renally excreted, kidney function (serum creati-
nine, or eGFR) must be normal. See chapter “Drugs for the 
Heart” for dosage. 
 Apixaban, dabigatran and rivaroxaban are available. 
An antidote has become available. Patients have died from 
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bleeding that cannot be stopped. RCT on antidotes are 
now in play but expense and availability will  prevent use 
in many countries worldwide.
 A meta-analysis (12 studies) with a total study popula-
tion of 77,011. Novel oral anticoagulants (NOACs) demon-
strated a reduction in the composite of stroke or systemic 
embolic events or 0.85, a 52% reduction in intracranial 
hemorrhage or 0.48 and a 14% reduction in mortality or 
0.86.
 This study suggests that NOACs are superior to warfarin 
for the prevention of the composite of stroke and  systemic 
embolism in patients with AF and an additional risk  factor 
for stroke. There is a significant reduction in intracranial 
hemorrhage, which drives the finding of significantly 
lower mortality. During the poststudy switch from NOACs 
to warfarin there is an excess of the composite of stroke 
and systemic embolism as well as major bleeding events, 
which may be of significance in clinical practice (Hicks  
et al. 2016).

 ■ The US Food and Drug Administration (FDA) has 
approved the First Oral Anticoagulant Reversal  Agent 
idarucizumab reverses the blood-thinning effects of 
dabigatran. 

 ■ Factor Xa Anticoagulant Reversal with Andexanet: 
Participants in a small trial experienced a more than 
90% decline in the anti-Xa activity of either apixaban 
or rivaroxaban within 2–5 minutes after receiving a 400 
mg intravenous bolus of andexanet. 

ABLATION
 ■ This intervention has a role in patients who have had 

more than three episodes of paroxysmal atrial fibril-
lation and particularly in those with rapid rates more 
than 150 beats/min.

 ■ The anticoagulant factor and costs are a concern 
 particularly when the majority of patients with perma-
nent atrial fibrillation are asymptomatic.

 ■ Women appear to have a higher incidence postab-
lation, postoperative stroke, and pulmonary vein 
stenosis.  Pulmonary vein stenosis although rare is very 
difficult to correct.

 ■ This large population of patients with atrial fibrillation 
is virtually all easily managed with beta-blocker alone 
or a small dose of beta-blocker plus lose dose digoxin 
to achieve a normal mean ventricular rate of 70–100 
beats/min, with a digoxin level 0.5–1 ng/mL.

 ■ The real question is, What benefits accrue to the patient 
from conversion and maintenance of sinus rhythm? 
Such an approach has no benefit in terms of prevent-
ing death and no credible evidence for reduction of 
stroke risk. It also has little demonstrable effect for 
reduction of the likelihood of worsening HF or reduc-
tion in the bothersome use of anticoagulants.

 ■ Anticoagulant therapy is recommended for virtually 
all patients including those with successful ablation. 
After ablation, approximately 83% of centers reported 
the use of oral anticoagulants. Thus there is still both-
ersome anticoagulation. 

 ■ Some patients have only one or two episodes in  
1 year then no atrial fibrillation over more than 10 
years  particularly if the episode was triggered by alcohol, 
severe stress, exhaustion, sleep deprivation or a well-
defined event.

MULTIFOCAL ATRIAL TACHYCARDIA
For multifocal atrial tachycardia, ECG hallmarks include 
the following:

 ■ The rhythm is an irregular, chaotic atrial rhythm
 ■ At least three different P wave morphologies should be 

recognized in one lead. The PR interval is variable.
 ■ Multifocal atrial tachycardia and other ectopic ATs 

are usually seen in patients with chronic lung disease,  
hypoxemia, theophylline toxicity, ischemic heart 
 disease and myocarditis.

 Therapy should be directed at the underlying cause.
 Treatment of the underlying cause of MAT (COPD, 
electrolyte or acid-base imbalance, theophylline toxicity) 
should suffice. If the ventricular rate is rapid, verapamil 
is usually effective. Magnesium sulfate may cause a salu-
tary response; adenosine is ineffective. If tachycardia is 
symptomatic or causes cardiac embarrassment, give vera-
pamil, 2.5–5 mg intravenously, repeated in 30 minutes. 
IV verapamil is usually successful, and 80 mg orally three 
or four times daily can be administered until the under-
lying problem resolves. Often the arrhythmia causes no 
hemodynamic disturbances, especially at heart rates of 
100–130 beats/min, and requires no drug therapy, or the 
initial dose of verapamil can be given orally. Magnesium 
sulfate is effective in some patients. Arrhythmias resulting 
from triggered activity or increased automaticity seem to 
be partly due to potassium flux from cells; magnesium has 
a direct effect on potassium channels and increases intra-
cellular potassium.
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 A beta-blocker, especially metoprolol (intravenously, 
then orally), is as effective as verapamil, but caution is 
necessary to avoid the use of beta-blockers in patients with 
unstable COPD. 

MANAGEMENT OF WIDE QRS 
REGULAR TACHYCARDIA

Ventricular Tachycardia
Consider all wide regular QRS tachycardia as VT, unless 
there is strong evidence to the contrary. Cardioversion is 
frequently used, in particular in patients with acute MI or 
when the rate is more than 200 beats/min or in patients 
who are unstable. If drug therapy is used, cardioversion 
should be available immediately for drug failures. 
 If the pulse is present and the patient is hemodynami-
cally stable, give lidocaine (lignocaine) 100 mg bolus IV 
and an immediate infusion up to 3 mg. If the arrhythmia 
is not controlled, repeat a 75 mg bolus of lidocaine; if sinus 
rhythm is not restored but the patient remains hemody-
namically stable, a trial of procainamide is advisable. In 
patients with a palpable carotid or femoral pulse who are 
hemodynamically unstable (BP less than 90 mm Hg, chest 
pain, shortness of breath, or clouding of consciousness), 
immediate synchronized cardioversion using 100–200 J 
should be carried out.
 Dosage of lidocaine is an IV bolus of 75–100 mg (1–1.5 
mg/kg). After 5 minutes, administer a second bolus of 
75–100 mg. A simultaneous infusion is started within 2 
minutes of the first injection; infuse 2 mg/min. A third 
bolus of 75 mg should be tried before increasing the rate to 
3 mg/min and a maximum of 4 mg/min. VT secondary to 
digitalis intoxication, phenothiazines, or tricyclic antide-
pressants usually responds to lidocaine therapy.

Procainamide
Dosage of procainamide is an IV bolus of 100 mg at a rate 
of 20 mg/min, then 10–20 mg/min. Do not exceed 1 g over 
the 1st hour. If sinus rhythm occurs, start oral dosing at 500 
mg, then 375–500 mg every 3 hours for 24–48 hours, then  
approximately 500 mg every 6 hours for a patient weighing  
60 kg. Oral use is limited to a maximum of 6 months 
because of the occasional occurrence of lupus, leukopenia,  
or agranulocytosis. Procainamide may cause severe hypo-
tension; the drug has a negative inotropic effect, and HF 
may be precipitated. This drug is advisable for patients 
with lidocaine failure.

MANAGEMENT OF WIDE QRS 
IRREGULAR TACHYCARDIA

Torsades de Pointes
Torsades de pointes is a life-threatening arrhythmia that is 
a particular type of VT. The ECG shows a typical twisting of 
the QRS complexes. The arrhythmia is usually precipitated  
by drugs that prolong the QT interval. Precipitants of 
 torsades de pointes include the following:

 ■ Antiarrhythmic agents that prolong the QT interval, 
including quinidine, procainamide, disopyramide, 
amiodarone and sotalol

 ■ Tricyclic antidepressants and phenothiazines
 ■ Electrolyte imbalance, in particular hypokalemia and 

hypomagnesemia
 ■ Histamine H1 blockers (e.g. astemizole and terfena-

dine)
 ■ Pentamidine, erythromycin and antifungal agents
 ■ Congenital QT prolongation syndrome
 ■ Subarachnoid hemorrhage
 ■ Liquid protein diet.

 Increasing the heart rate is the simplest and quickest 
method to shorten the QT interval, and it often results in 
control of the arrhythmia.

Magnesium Sulfate
A bolus injection of 2 g (10 mL of a 2% solution over  
1 minute) of magnesium sulfate should be tried and 
causes reversion to sinus rhythm in patients with acquired 
torsades de pointes. If magnesium sulfate fails, temporary 
atrial or ventricular pacing is indicated. Call your resident 
to discuss and manage the case. While considering pacing, 
a trial of isoproterenol IV infusion of 2–8 µg/g/min may 
prove effective over a few minutes. Isoproterenol should 
not be used in patients with acute MI, angina, or uncon-
trolled hypertension.
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Diabetes, New Treatment 
includes Reduction of 

Blood Sitosterol
17

CHAPTER

INTRODUCTION
For several decades, India and China will remain the two 
countries with the highest numbers of people with diabe-
tes. Type 1 diabetes (insulin-dependent diabetes/juvenile 
diabetes) occurs mainly in individuals aged 10–15 years 
(~10%) of all cases of diabetes. Type 2 diabetes mellitus is 
associated with a 2–4 fold increased risk of coronary artery 
disease (CAD) and death due to myocardial infarction 
(MI) particularly in those with a positive family history of 
MI. Cardiovascular disease (CVD) is the most common  
cause of death among adults with diabetes mellitus  
(Go et al. 2013).

 ■ Strict treatment of hyperglycemia is not the answer, not 
even for nephropathy. A large well run study enrolled 
10,251 high-risk type 2 diabetics and treated hypergly-
cemia, which I emphasize is not the root of diabetic 
complications, failed: ACCORD (Action to Control 
Cardiovascular Risk in Diabetes) (2008).

 ■ More patients died in the intensive treated group: 
257, compared with 203 within the standard treat-
ment group. The standard arm had a hemoglobin 
A1c (HbA1c) target between 7% and 7.9%, and the 
inten sive arm targeted levels under 6%.

 ■ The trial’s safety monitoring board recommended 
ending the intensive arm when it found increased  
all-cause mortality.

 ■ Surprisingly, there was no significant effect on retin-
opathy; a complication that a couple of smaller trials 
indicate some prevention. 

 ■ Any beneficial effect observed was primarily due to 
a reduction in the incidence of nephropathy which 
developed in only 230 among 5,571 patients versus 292 
among 5,569 patients but the diagnosis or the extent of 
nephropathy observed is unclear. 

 Concerns have been raised because aggressive control 
appeared to be of little or no clinical benefit. 

 ■ Mortality was increased by treatment. 

 The Veterans study enrolled 1,791 veterans with poorly 
controlled type 2 diabetes (mean HbA1c level, 9.4%) to 
either intensive or standard glucose control. Patients 
received metformin plus rosiglitazone, and those with 
BMI less than 27 initially received glimepiride plus rosigli-
tazone. 

 ■ Insulin was added for patients who did not achieve 
HbA1c levels less than 6% in the intensive-therapy 
group and less than 9% in the standard-therapy group. 
The primary outcome was time to first occurrence of a 
cardiovascular event. 

 ■ At a median long follow-up of 5.6 years, intensive glu-
cose control had no significant effect on the rates of 
major cardiovascular events, death, or microvascular 
complications, including retinopathies, neuropathies 
and nephropathies (Duckworth et al. 2009). 

 ■ Neither poor glycemic control (HbA1c more than or 
equal to 9.0%) nor moderately increased HbA1c (7.0–
8.9%) was significantly associated with an increased 
rate of ischemic stroke compared with patients who 
had HbA1c less than 7.0%. This recent study showed 
that even stroke rate is not improved by moderate or 
strict glycemic control (Ashburner et al. 2016).

Criteria for the diagnosis of diabetes: 
 ■ Fasting plasma glucose (FPG) more than 126 mg/dL 

(7.0 mmol/L). Fasting is no caloric intake for at least 
8 hours, or 

 ■ Two hours plasma glucose (PG) more than 200  
mg/dL (11.1 mmol/L): The test should be performed as 
described by the WHO, using a glucose load contain-
ing the equivalent of 75 g anhydrous glucose dissolved 
in water, or

 ■ HbA1c more than 6.5%. 
 The 2-hour test is commonly requested by family phy-
sicians without specifying a glucose load; this random  
2-hour test is difficult to be properly timed by patient and 
lab and I do not recommend it. 
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 The HbA1c target should be individualized based on 
numerous factors, such as age, life expectancy, comorbid 
conditions, duration of diabetes, risk of hypoglycemia or 
adverse consequences from hypoglycemia, patient moti-
vation and adherence. An HbA1c level of less than or equal 
to 6.5% is considered optimal if it can be achieved in a safe 
and affordable manner, but higher targets may be appro-
priate for certain individuals and may change for a given 
individual over time [2016 American Association of Clini-
cal Endocrinologists (AACE)/American College of Endo-
crinology (ACE) Consensus Statement]. I advise 6.5 to 8% 
depending on age.

My Recommendations for Goal Levels
 ■ Realistic physicians should aim for a HbA1c 7–7.5, or
 ■ Fasting blood glucose (FBG) 7–8 mmol/L, or
 ■ Urine dipstick always showing more than a trace of 

glucose and never negative.

DIABETIC RESEARCH NEW HORIZONS
Logic must be applied to conquer the complications 
observed in type 2 diabetes.

 ■ There is no sound evidence proving that mild to mod-
erate hyperglycemia [FBG 8–10 mmol/L], HbA1c 
8–8.5% for several years causes atheroma formation 
the main cause of MI, deaths and stroke. Diabetic indi-
viduals with a strong family history of MI are at high 
risk for fatal and nonfatal MI. 

 ■ Hyperglycemia does not cause atheroma formation 
or progression to erosion and rupture and its control 
therefore cannot reduce the prevalence of MI or stroke. 
Here factors other than hyperglycemia are at play. 

 ■ Glucose is an innocuous substance which is needed 
by all cells. It is difficult to visualize how a moderately 
high fasting glucose level (~10 mmol/L) can damage 
retinal and glomerular arterioles or be implicated in 
the formation of the porridge (athere)-like material 
found in atheroma plaques in coronary and cerebral 
arteries. 

 ■ Logic is lacking and experts need to rethink. 
 ■ Diabetes is a metabolic problem and dyslipidemia is 

present in many but not most diabetics dyslipidemia, 
must be aggressively controlled, but other culprits 
must be sought and corrected.

 ■ More insulin or oral hypoglycemic agents would not 
prevent atheroma formation or progression, and 
atheroma is the main underling disease causing 

mortality, fatal and nonfatal MI, peripheral vascular 
disease (PVD) and stroke in diabetics. 

 ■ The cause of retinopathy and nephropathy in diabetics 
needs fresh intensive research. Because the initial 
lesions in atheroma formation are endothelial damage, 
it is possible that the same substances are at play in 
retinal—renal arterioles. Atheroma does not form in 
arterioles but the endothelial damage may be a similar 
pathologic process. Atheroma formation progresses 
through involvement of the media of medium and 
large arteries and does not occur in veins or in a 
syphilitic aorta because there is no media. 

 ■ Factors known to be involved in endothelial injury 
and atheroma formation of susceptible arteries 
include: low-density lipoprotein-cholesterol (LDL-
C) and sitosterol (Khan 2017) other probable factors 
include: other atherogenic particles, smoking, carbon 
monoxide, exhaust fumes from motor vehicles, 
turbulence of blood/shear stress, undefined toxins, 
bacterial and viral interplay, homocysteine, immune 
complexes, platelet aggregation; but hyperglycemia is 
not recorded by any researcher.

 ■ On probabilities the culprits are likely a constellation: 
genetic factors, dyslipidemia, sitosterolemia (Khan 
2017), hypertension and major fluctuation in glucose 
levels caused by physicians trying to achieve strict con-
trol of hyperglycemia that causes increased glucagon 
production so as to halt the falling glucose and replen-
ish a rebound level. 

 ■ Increasing dosage and adding another drug to control 
blood glucose levels by reducing blood glucose levels  
causes a compensatory increase of glucagon, the  
by-products of which may be the culprit implicated in 
the serious complications observed in type 2 diabetes. 
On probabilities it is most unlikely that hyperglycemia 
causes nephropathy. 

 ■ The initial endothelial injury and finally the intensely 
gross pathology observed in kidneys of Kimmelstiel-
Wilson syndrome could hardly be brought on by glu-
cose, an innocuous constituent of circulating blood.

 ■ Retinopathy is found in diabetics with excellent glu-
cose control and many with relatively poor control 
escape retinopathy.

 ■ Sitosterolemia may be the cause of retinopathy and 
studies are underway.

Sitosterol from Plant Vegetable 
Foods and Shellfish is a Culprit

 ■ The author has completed a study that confirms the 
presence of high blood sitosterol in most diabetics, 
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particularly in those with CAD. Sitosterolemia is a 
dangerous genetic familial disease that causes ather-
omatous MI in children and young adults (Salen et al. 
1985). In this disease intestinal absorption of sitosterol 
is increased. The same genetic defect is present in most 
diabetics and blood levels must be reduced (Khan 
2017); see discussion under Sitosterol.

TREATMENT OF TYPE 2 DIABETES
 ■ Insulin is essential to allow glucose entry into cells. 

Pancreatic islet cells are dysfunctional or destroyed. A 
major lack of insulin causes a metabolic syndrome, and 
rarely ketoacidosis or hyperosmolar coma. Replenish-
ing insulin to prevent such complications is proven 
useful but tight control is not needed.

 “Treatment of type 2 diabetes involves the prescrip-
tions used for the management of patients with angina, 
MI, acute coronary syndrome or stroke”. 
 The patient with type 2 diabetes must be told candidly 
that lowering blood glucose is only of some help and they 
must do much more for themselves: 

 ■ Smoking must be discontinued 
 ■ This with exercise, diet and weight loss is the key to a 

longer life without diabetic complications
 ■ The following cardiovascular drugs must be carefully 

administered to obtain a reduction in morbidity and 
mortality from CVD, because tight control of hypergly-
cemia or marked reduction of blood pressure (BP) is of 
no proven value, not even for prevention of retinopa-
thy. In those with mild retinopathy caution is required. 
Thus examination of the fundi is important.

Statins
 ■ Statins to maintain LDL-C less than 2 mmol/L  

(<77 mg/dL) in all diabetics. 1.4–1.8 mmol/L in those 
with a parent of family member with a history of MI. 
This strict control of lipids, maintenance of normal 
blood sitosterol, systolic blood pressure ~130–139 mm, 
cessation of smoking and avoiding exhaust fumes from 
motor vehicles on probabilities would prevent further 
atheroma formation and progression, the cause of 
CAD.

 ■ Low-density lipoproteins-cholesterol carries the 
bulk of circulating cholesterol. The LDL particle has 
a diameter of 180–280 nm and is highly atherogenic. 
It is believed to be the main particle involved in pro-
ducing atheroma. The LDL particles have qualitative 

differences. They are smaller and denser particles in 
diabetics and show greater susceptibility to oxidation 
compared with nondiabetics.

 ■ Low-density lipoproteins-cholesterol is moderately 
increased (3–4 mmol/L) in most diabetics, and treat-
ment with statins is recommended to maintain levels 
less than 2 mmol/L; this has shown a decrease in risk 
of CVD events.

Beta-blocker
Beta-blocker: Treatment of type 2 diabetes—a new indi-
cation for beta-blockers.
 The majority of diabetics aged more than 40 years 
should be on a beta-blocker particularly if there is a family 
history of MI with avoidance of using the ineffective but 
widely used beta-blocker atenolol (see Chapter 19).
 Best beta-blocker to prevent fatal and nonfatal MI, and 
assist with control of BP.

 ■ Propranolol in nonsmokers; long acting formulation 
120–240 mg/day 

 ■ Timolol 5 mg increasing to 5 mg twice daily.
 These are the only cardiac drugs shown in sound RCTs 
to prevent sudden cardiac deaths in post MI patients  
(Table 17.1).

 ■ Bisoprolol 5–10 mg/day; or metoprolol 50–100 mg 
twice daily for those with chronic obstructive pulmo-
nary disease or heart failure.

 “Timolol study” (1981) randomized 3,647 patients 945 
administered 10 mg twice daily followed for 17 months. 
937 placebo.
 Total mortality 98 (10.4%) versus 152 (16.2%), p < 0.001. 
Overall mortality rate reduction of 36%, a reduction not 
observed with any other drug.

 ■ Sudden deaths: A stunning 71% reduction in smokers 
and nonsmokers. No other drug can match this. The 
claim of experts would be angiotensin-converting 
enzyme (ACE) inhibitors or angiotensin receptor 
bloc kers (ARBs) were not in play, but these drugs are 
weakly effective and reduced total mortality approxi-
mately 20% or not significantly. 

 ■ The Heart Outcomes Prevention Evaluation (HOPE) 
study is flawed (Weinsaft 2000).

 “Propranolol study” (BHAT 1982) 16,400 randomized; 
1916 to propranolol 120–240 mg/day; 1921 placebo for 2 
years. 
 Total mortality 138 (7.2%) versus 188 (9.8%), a 26% 
reduction p = 0.005.
 Sudden deaths: 56% reduction between 5 am and  
11 am (Table 17.1).
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 ■ Long-term use of beta-blockers, thiazide diuretics or 
statins do not cause diabetes; a notion spread by many 

experts (see further discussion and Chapter 3).

 Vascular resistance will markedly increase if proprano-
lol is administered when epinephrine is circulating. 
 Triglycerides: There are no evidence-based recommen-
dations for the treatment of hypertriglyceridemia to reduce 
CVD risk. 

 ■ Drug treatment is needed only for patients with fast-
ing triglycerides more than 500 mg/dL to prevent more 
severe hypertriglyceridemia and pancreatitis. Reduc-
ing carbohydrate intake 50%, abstaining or marked 
reduction in alcohol intake and vigorous exercise half 
to one hour daily should result in significant weight 
loss and amelioration of elevated triglyceride levels to 
less than 2 mmol/L in the majority avoiding drug treat-
ment. Fibrates must not be combined with statins; nia-
cin use should become obsolete as large randomized 
controlled trials (RCTs) have shown the drug to be use-
less.

Chewable Aspirin
 ■ Dose of 75–81 mg after meal once daily is needed 

to lower CVD mortality and events in all diabetics, 
because these individuals are at high risk. All patients 
must be advised to keep soft-chew noncoated aspirin 
in several places (75–81 mg). 

 ■ If chest pain occurs 3–4 aspirins should be chewed 
while awaiting emergency assistance. Aspirin used 
as directed can save a life or minimize the size of MI 
(Khan 2011, Encyclopedia of Heart Diseases).

Nitroglycerine
Nitroglycerine is of no value, it does not prevent death or 
infarct size; it is only useful to minimize the pain of angina, 
and is thus of low importance. 

Blood Pressure Control
Recent RCTs nondrug sponsored compared the effects 
of 2 levels of glycemic control (median A1c, 6.4–6.9% in 
the intensive arms compared with 7.0–8.4% in the stand-
ard arms) on macrovascular outcomes. None of the trials 
could demonstrate any significant reduction in the pri-
mary combined cardiovascular end points. 

 ■ Antihypertensive agents to maintain systolic BP  
130–140 mm Hg is advisable if the baseline exceeds 
145 mm Hg. A recent study (BMJ 2016 showed):

  “If baseline systolic blood pressure was greater than 
150 mm Hg, antihypertensive treatment reduced the 

Table 17.1: Total deaths and sudden deaths in beta-bloc-
ker randomized controlled trials (RCTs) of post-myocar-
dial infarction (MI) patients and heart failure studies.

Control Drug % Decrease

Total sudden death*

Propranolol 78 60 23

5 am–11 am 31 11 64

Total deaths 188/1460 138/1456 26

Timolol**

Total sudden death 95 47 50

Instant, within seconds 38 11 71

Total deaths 117/718 67/670 42

Metoprolol# t

Total sudden death 21 9 57##

Total deaths 31/147 25/154 19##

MERIT-HF^

Total sudden death 132 79 40.2

Total deaths 217/2001 145/1990 33.2

Bisoprolol***

Total sudden death 83 48 42.2

Total deaths 228/1320 156/1327 31.6

[Only four beta-blockers of the 12 available definitely prevent 
sudden cardiac death; they all gain high brain concentration.  
Atenolol and sotalol gain poor brain concentration and are inef-
fective; atenolol use should be curtailed.]

*BHAT study, AM sudden death (Peters et al. 1989) follow-up 25 
months, propranolol 120–240 mg daily.
**Timolol Norwegian MI study; mean duration 17 months follow-
up: 10 mg twice daily. A superior drug rarely used; beta-blockers 
are not all alike.
#Metoprolol: A very small study of only ~150 patients in each 
group followed for 3 years.
##“This reduction in cardiac mortality did not reach statistical 
significance, as was to be expected from our sample size” (Olsson 
et al. 1985).
^In MERIT-HF there were fewer sudden deaths in the metoprolol 
CR/XL group than in the placebo group (79 vs 132, 0.59 [0.45–
0.78]; p = 0.0002) and deaths from worsening heart failure (30 vs 
58, 0.51 [0.33–0.79]; p = 0.0023).
***Bisoprolol in CIBIS heart failure study: significant decrease in 
deaths and sudden death.
 Carvedilol did not prevent sudden death in two large RCTs; 
total mortality in RCT was not significantly reduced in post  
MI patients.
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risk of all-cause mortality [relative risk 0.89, MI (0.74)], 
stroke (0.77), and end-stage renal disease (0.82). If 
baseline systolic blood pressure was 140–150 mm 
Hg, additional treatment reduced the risk of all-cause  
mortality (0.87), MI (0.84) and heart failure (0.80). 
If baseline systolic blood pressure was less than  
140 mm Hg, however, further treatment increased  
the risk of cardiovascular mortality (1.15, 1.00–1.32), 
with a tendency towards an increased risk of all-cause 
mortality.’’

 ■ If baseline BP is 130–140 mm Hg do not give antihyper-
tensive agent as increases mortality and events.

 ■ A beta-blocker is safest to use as they do not lower 
BP much if already low, and they do prevent deaths. 
A beta-blocker can be used if baseline is 125–145 if 
needed for prevention of heart failure, arrhythmia, 
angina, post-MI or in patient with family history of 
MI. It is the safest antihypertensive agent. ACE inhibi-
tors and ARBs are not safe agents when BP is already  
130–135 mm Hg.

 ■ Several recent RCTs have carefully assessed the role of 
intensive BP—lowering (systolic blood pressure <130 
mm  Hg) in patients with type 2 diabetes. These studies 
did not find any substantive benefit of intensive BP 
control in reducing the risk of fatal or nonfatal MI. 

 ■ Action to control cardiovascular risk in diabetes 
study randomized 4,733 patients to either intensive 
BP lowering (defined as systolic blood pressure < 120 
mm Hg) or usual therapy (systolic blood pressure  
< 140 mm Hg). After 12 months, systolic blood pres-
sure was 119 mm  Hg in the intensive blood pressure—
lowering arm compared with 133 mm  Hg in the usual 
care arm. There was no difference in the primary end  
point nonfatal MI, nonfatal stroke, or CVD death  
(p = 0.20); death resulting from all causes was 
unchanged. 

 ■ Low BP is dangerous: At age more than 45 years when 
most people sustain an MI, a BP of 105–115 mm Hg 
is not cardioprotective. If an MI ushers in, an MI in a 
45–70-year-old-man or woman with a BP of approxi-
mately 110 mm Hg creates a greater risk of cardiogenic 
shock or arrhythmia causing death than in an indivi-
dual with BP 130–140 mm Hg. A decrease of BP to less 
than 90 mm Hg can be detrimental during the first few 
hours of MI.

 ■ This trial was stopped early as a result of increased 
mortality, predominantly cardiovascular in the inten-
sive group and this could be related to too aggressive 
lowering of BP in diabetics who are at high risk for MI. 

 ADVANCE (2007) tested the effect of a fixed combina-
tion of perindopril and indapamide; 11,140 patients with 
type 2 diabetes mellitus were randomized to the fixed 
combination compared with placebo. After 4.3 years of 
follow-up, patients in the intervention arm had lower BP 
(systolic blood pressure, 5.6 mm  Hg). 

 ■ When stratified by macrovascular or microvascular 
outcomes, neither was significant (macrovascular:  
p = 0.16; microvascular: p = 0.16).

 The separate reductions in macrovascular and micro-
vascular events were similar but were not independently 
significant. The relative risk of death from CVD was 
reduced by 18% [211 (3.8%) active vs 257 (4.6%) placebo; 
p = 0.03] and death from any cause was not significantly 
reduced by 14% [408 (7.3%) active vs 471 (8.5%) placebo;  
p = 0.03]. The 14% reduction is claimed a success. A p value 
of 0.03 may be significant for statisticians but is not clini-
cally meaningful.
 International Verapamil SR-Trandolapril Study 
(INVEST) (2010) which maintained BP less than 130 mm 
Hg versus 130–140 mm Hg showed no significant change 
in number of nonfatal MI or stroke. 

 ■ All-cause mortality was significantly higher in the tight 
control group. The results for CAD were observational. 
These investigators talk about studying patients with 
diabetes and CAD but of 2,255 patients in each group 
only approximately 700 patients had prior MI in each 
group. The study is flawed but quoted by others. The 
all-cause mortality rate was 11.0% in the tight-con-
trol group versus 10.2% in the usual-control group 
(adjusted HR, p = 0.06); when extended follow-up was 
included, risk of all-cause mortality was 22.8% in the 
tight control versus 21.8% in the usual-control group 
(p = 0.04). 

 ■ The above RCT findings are further corroborated by 
the results of a meta-analysis of 37,736 patients from 
13 trials that similarly failed to identify benefit of an 
intensive BP lowering strategy over standard BP con-
trol strategy on macrovascular and microvascular (car-
diac, renal and retinal) events in patients with type 2 
diabetes. 

 ■ Recent large well run RCTs do not suggest that inten-
sive lowering of BP in type 2 diabetes mellitus should 
be implemented, in fact this treatment is harmful. 

 ■ Specifically, the ACCORD BP trial found that serious 
adverse events occurred in 3.3% of the intensive BP—
lowering arm compared with 1.3% in the usual care 
arm.
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ANGIOTENSIN-CONVERTING ENZYME 
INHIBITOR VERSUS ANGIOTENSIN 
RECEPTOR BLOCKERS

 ■ A head-to-head comparison of an ACE inhibitor and 
an ARB in type 2 diabetes mellitus with albuminuria 
suggested that the effects on renal dysfunction pro-
gression were equivalent.

 ■ A combination of ACE inhibitor and ARB is not recom-
mended

 ■ Renin-angiotensin system inhibitors are not proven 
effective and are not recommended

 ■ Angiotensin-converting enzyme inhibitors and ARBs do 
not significantly reduce the incidence of diabetes. These 
agents are touted to cause a reduced incidence of diabetes 
but this has not been proven without doubt in RCTs.

 ■ These inaccurate assumptions are based on second-
ary analyses of clinical trials. More importantly, many 
Trialists fail to understand that the finding of glucose 
intolerance does not indicate a proven diagnosis of 
diabetes mellitus.

 ■ Nathan (2010) in an editorial emphasized that the only 
clinical trial that directly examined whether ACE inhi-
bition would prevent diabetes failed to show that dia-
betes was prevented [The Diabetes REduction Assess-
ment with ramipril and rosiglitazone Medication 
(DREAM) Trial Investigators 2006] or that there were 
any beneficial effects on insulin resistance or beta-cell 
function (Hanley et al. 2010).

 ■ The Diabetes REduction Assessment with ramipril 
and rosiglitazone Medication Trial Investigators 2006 
in a double-blind RCT, the trialists randomly assigned 
5,269 participants without CVD but with impaired 
fasting glucose levels (after an 8-hour fast) or impaired 
glucose tolerance to receive ramipril (up to 15 mg/day) 
or placebo (rosiglitazone or placebo). Subjects were 
followed for a median of 3 years for the effects of rami-
pril on the development of diabetes or death, which-
ever came first (the primary outcome), and on second-
ary outcomes, including regression to normoglycemia. 
The incidence of the primary outcome did not differ 
significantly between the ramipril group (18.1%) and 
the placebo group (19.5%; HR for the ramipril group, 
0.91; p = 0.15).

 ■ Participants receiving ramipril were more likely to 
have regression to normoglycemia than those receiv-
ing placebo (HR 1.16; 95% CI, 1.07–1.27; p = 0.001) 
(The DREAM Trial Investigators 2006). But this  

modest regression to normoglycemia does not indicate 
a decrease in diabetes incidence. At the end of the study, 
the median FPG level was not significantly lower in the 
ramipril group [102.7 mg/dL (5.70 mmol/L)] than in the 
placebo group [103.4 mg/dL (5.74 mmol/L), p = 0.07], 
though PG levels 2 hour after an oral glucose load were 
significantly lower in the ramipril group [135.1 mg/dL 
(7.50 mmol/L)] versus [140.5 mg/dL (7.80 mmol/L),  
p = 0.01]. This does not indicate a reduction in diabetes. 
It is only a mild [0.1–02 mmol/L] reduction in glucose 
levels.

 ■ Conclusions: Among persons with impaired fasting 
glucose levels or impaired glucose tolerance, the use of 
ramipril for 3 years did not significantly reduce the inci-
dence of diabetes or death (DREAM Trial Investigators 
2006).

 ■ A FBG level of 7.1–8.6 mmol/L may be recorded if the 
patient is on a large dose of thiazide diuretic, a beta-
blocker or statin or a combination. The level returns to 
normal within months of discontinuing the drug but 
remains elevated in prediabetics (see Chapter 3).

 ■ HbA1c is an expensive test and I am not recommend-
ing it for type 2 diabetic care except in selected patients. 

 ■ Instead of conventional recommendation: HbA1c 
7–7.5% if the test is done a level: 7.5–8.5% is advisable. 
Do not try for tight control as it makes no difference 
to outcomes and prevents the use of a beta-blocker 
in patients prone to hypoglycemia induced by over 
treatment to gain tight glucose control which in a 
few patients the levels increase a little and FBG may 
increase 0.2–0.6 mmol/L.

 ■ HbA1c is said to be linked to clinical outcomes but 
several conditions interfere with the interpretation 
of results: sickle cell is not uncommon in dividuals of 
Asian Indian origin and Africans, alterations in red cell 
turnover (e.g. hemolytic anemia) recent transfusion, 
pregnancy, blood loss; lack of assay standardization, 
cost and lack of availability in many countries.

 ■ A fasting glucose 5–6 is too low and will stimulate gluca-
gon production. For more than the past 30 years many 
specialist have recommended fasting levels of 5.5–6.5 
mmol/L; this is an error. Tight control to this level pro-
vides no reduction in diabetic complications and is of 
no clinical value, increases glucagon and metabolites 
that can be culprits; in addition hypoglycemia causes 
distress, deaths and emergency room (ER) visits.

 ■ “Most important total mortality and hypoglycemic 
events are increased”. 
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 For rural communities where medical attention is 
scant or not available, HbA1c is not advisable. Do the  
following:

 ■ Fasting blood glucose goal recommended: 7.0–8.0 
mmol/L, which means far less medications to lower 
blood glucose levels and no hypoglycemia. A fasting 
glucose or finger testing once or twice per year for 
patients with financial difficulties in rural areas with 
urine testing should suffice. 

 ■ “Urine testing” is as good as HbA1c, FBG or finger  
glucose levels for most type 2 diabetics. Physicians 
worldwide used it from 1945 to 1995.

 ■ In resource-poor areas with no medical support or 
rare physician input; in such areas I advise urine test-
ing for most individuals with type 2 diabetes. But it 
must be done on a fresh specimen within 30 minutes 
of urine collection.

 There must always be a trace or more of glucose on 
testing: 

 ■ Negative urine for several days allows a reduction in 
drug dosage.

 ■ Maximum 2+ or more, highest reading if observed sev-
eral times over a few days should provoke more intense 
dieting, exercise, an increase in medication dose: e.g. 
increase in metformin dose or addition of a second or 
third agent if metformin dose is at 1 g twice daily.

 ■ If urine dipstick (reagent strips for urine glucose test-
ing) is strongly positive for several days increase dose 
of drug.

 Reduce dosage of diabetic drugs if FBG less than 7.5 
mmol/L or urine dipstick is negative for 3 consecutive 
days; the lowest color on chart. The urine test must always 
show mild positivity.

Other Testing includes an ECG
 ■ An abnormal ECG is an independent risk factor for 

all-cause mortality and fatal MI in patients with diabe-
tes mellitus, and should be used for risk stratification. 
Other screening tests include ECG exercise tolerance 
testing, exercise (or pharmacological).

 ■ Patients with a positive family history of MI and sus-
pected to have coronary heart disease (CHD) should 
have myocardial perfusion imaging stress echocardi-
ography is not sufficiently helpful.

Recommended Drug Therapy
Insulin is not required in more than 95% of individuals 
with type 2 diabetes. In most individuals pancreatic cells 

produce minimal amounts of insulin to allow transfer 
of glucose into cells and thus prevent ketosis or notable 
symptoms. Glucose elevation may cause polyuria and 
thirst. The amount of insulin required is indeed small but 
homeostasis is disturbed resulting in natures counteract-
ing forces. Unfortunately insulin therapy does not alter 
cardiovascular outcomes.

Oral Agents
There are limited data on the comparative effectiveness of 
the many older antihyperglycemic drugs (metformin and 
sulfonylureas). 

Metformin
Metformin is first-choice agent for glycemic lowering 
because it has a lengthy history of satisfactory use (except 
in patients with renal failure):

 ■ Does not cause weight gain
 ■ Rarely causes hypoglycemia 
 ■ The main drawback: The dose has to be lowered if 

renal failure is present; estimated glomerular filtration 
rate (eGFR) is 50–60 mL/min.

 ■ Caution lactic acidosis may occur; do not use the drug 
if eGFR is less than 45 mL/min.

 ■ Diarrhea may limit use in a few patients.
 Dosage: 500 mg twice daily, maintenance 1,000 mg in 
morning, 500 mg in evening; if not controlled add a sul-
fonylurea low dose: maximum metformin dose 1,000 mg 
twice daily. 

 ■ The main action of metformin is on a transduction 
system that controls hepatic gluconeogenesis by the 
counter-regulatory hormone glucagon. Metformin 
reduces hepatic gluconeogenesis and hepatic glucose 
output. 

  Unfortunately the UK Prospective Diabetes Study 
(UKPDS) studies 39, 38 do not confirm significant 
mortality benefits for metformin therapy as reported 
in articles and textbooks. These are blunderbuss stu-
dies that should be rendered obsolete or put in per-
spective, or repeated.

 ■ In the UKPDS 38 (1998) study of 1,148 hypertensive 
patients with type 2 diabetes, only 758 patients were 
allocated to tight control of BP and 390 patients to 
less tight control with a median follow-up of 8.4 years. 
Mean BP in patients over 9 years of follow-up was 144 
(14)/82 (7) mm Hg under tight control and 154 (16)/87 
(7) mm Hg assigned to less tight control. Tight control 
758 versus less tight control only 390 subjects. 
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 ■ Total mortality 124 of 758 versus 83 of 390; MI 107 ver-
sus 69 not significant.

 ■ Microvascular 68 versus 54 so called p significant 0.009.
 In the less tight control group (390 subjects) two valua-
ble drugs ACE inhibitors and beta-blockers were avoided.
 UK Prospective Diabetes Study 33 (1998) studied 3,867 
newly diagnosed patients with type 2 diabetes treated 
mainly with sulfonylureas or insulin and found no evi-
dence that sulfonylureas cause MI or cardiac events. Only 
342 overweight patients were randomly allocated met-
formin therapy.
 Metformin was never tested in a large RCT with ade-
quate follow-up.
 Other agents that increase insulin production reduce 
blood glucose; this stimulates glucagon causing a restora-
tion of blood glucose. It is thus not surprising that these 
agents including sulfonylureas are of limited value and 
have not been shown to alter outcomes.

 ■ Increase in glucagon and its metabolites may be cul-
prits. Glucagon receptor blockers should be studied. 
Animal and human studies are needed to ascertain 
if excess glucagon secretion caused by fluctuation of 
blood glucose levels may be a culprit causing endothe-
lial dysfunction and initiation of atheroma forma-
tion that progress because of dyslipidemia and other 
factors. Glucagon metabolites may be involved in 
endothelial dysfunction causing retinopathy and 
nephropathy.

 Beyond metformin, there are limited data on the com-
parative effectiveness of the many antihyperglycemic 
drugs; most studies are of short duration and focus on 
glycemic lowering and side effects rather than CVD out-
comes.

Sulfonylureas
These agents are unfortunately used alone and are best 
used when combined with metformin. Although outcome 
trials do not show reduction of diabetic complications, 
worldwide they are widely used particularly when added 
to metformin or when metformin use is inhibited by diar-
rhea or renal dysfunction.

Gliclazide 
Hypoglycemia—while gliclazide was shown to have the 
same efficacy as glimepiride, it has approximately 50% less 
hypoglycemic confirmed episodes in comparison with 
glimepiride or glyburide. 

 Dosage: 30 mg (tablets cannot be split in half) should 
be swallowed whole with a glass of water. The 60 mg tablets 
can be halved; maximum 120 mg/day. Gliclazide modi-
fied—release 60 mg tablets are advisable used once daily; 
the tablet is breakable. 

Interacting Drugs
 ■ Antibiotics (sulfonamides/sulfa drugs, clarithromy-

cin), antituberculosis drugs.
 ■ Antifungal drugs (fluconazole, miconazole)
 ■ Nonsteroidal anti-inflammatory drugs (NSAIDs).

 Acarbose inhibits α glucosidase, an intestinal enzyme 
that releases glucose from larger carbohydrates. It slows 
down the enzyme that turns carbohydrates into glucose. 
Because acarbose prevents the digestion of complex car-
bohydrates less glucose is absorbed because the carbo-
hydrates are not broken down into glucose molecules. 
Thus after a carbohydrate meal a smaller rise in blood 
glucose occurs. It is cheap and popular in China, but not 
in the United States. One physician explains the use in the 
United States is limited because it is not potent enough to 
justify the side effects of diarrhea and flatulence.
 Dosage: 25 mg three times daily, increasing to 100 mg 
three times a day.
 Fruit juice or starchy foods will not effectively reverse 
a hypoglycemic episode; the patient must eat something 
containing monosaccharides, such as glucose tablets.

Dipeptidyl Peptidase-IV Inhibitors 
These agents lower glucagon secretion likely from pancre-
atic alpha cells glucose production. Pancreatitis all be it 
rare is of concern because these agent act on pancreatic 
cells.
 The glycemia reduction approaches in diabetes: A Com-
parative Effectiveness Study (GRADE) will compare glyce-
mic lowering of four commonly used classes of diabetes 
mellitus medications [sulfonylureas, dipeptidyl peptidase-
IV (DPP-IV) inhibitors in combination with metformin] in 
5,000 subjects with an anticipated observation period of 
4–7 years. 
 Unfortunately in the SAVOR RCT saxagliptin caused 
heart failure (p = 0.007). These agents should not be used 
until proven to reduce outcomes in soundly run RCTs and 
heart failure is not caused. 

 ■ Sitagliptin, rare pancreatitis observed, and heart  
failure may be precipitated as was observed for saxa-
gliptin.
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 ■ Sitagliptin A DPP-IV inhibitor is under review for pan-
creatic cancer

 ■ Caution using sitagliptin, vildagliptin or saxagliptin
 ■ Newer agents linagliptin and alogliptin (DPP-IV inhib-

itors) have a modest effect on lowering blood glucose 
levels and rarely cause hypoglycemia. RCTs should 
clarify their role. Caution is needed because they are 
renally excreted and like metformin should not be 
used if eGFR is less than 45 mL/min (serum creatinine 
>1.5 mg/dL).

 ■ Linagliptin is not significantly renal excreted, with 
mainly gastrointestinal elimination. Do not use: If on 
insulin; have or have had heart failure; on sulfonylurea 
or have hepatic or pancreatic problems.

 ■ Glucagon-like peptide 1 receptor agonists (GLP-1 
receptor agonists): These injectable agents that sup-
press alpha cell glucagon secretion are undergoing 
clinical trials.

Thiazolidinediones
It includes drugs such as pioglitazone and rosiglitazone. 
 Caution: These agents reduce insulin resistance and 
are mildly acting agents with low hypoglycemic risk but 
they cause weight gain retain fluid and cause heart failure.
 Pioglitazone: When added to baseline antihypergly-
cemic therapy regimens in the Prospective Pioglitazone 
Clinical Trial in Macrovascular Events (PROactive), piogl-
itazone had no apparent benefit on the primary end point, 
an increase in heart failure occurred.

 ■ An increased prostate and pancreatic cancer risks 
associated with use of pioglitazone is a concern.

 Rosiglitazone: Individuals receiving rosiglitazone had 
a significant increase in heart failure.

 ■ Caution with combination of rosiglitazone and met-
formin. 

Sodium-Glucose Cotransporter 2 Inhibitors 
and Gliflozins
Sodium-glucose cotransporter 2 (SGLT2) inhibitors pre-
vent the vast amount of glucose filtered through glomer-
uli into the proximal tubules from been absorbed: a most 
intriguing strategy to abort hyperglycemia. The labels of 
SGLT2 inhibitors—drugs used to treat type 2 diabetes—
will be updated to warn of the risks for ketoacidosis and 
serious urinary tract infections (UTIs), the US Food and 
Drug Administration (FDA) announced December 2015. 

Updating a May 2015 safety communication, the FDA says 
73 cases of diabetic ketoacidosis and 19 cases of urosep-
sis and pyelonephritis (that began as UTIs) have been 
reported in patients taking the drugs. All patients needed 
to be hospitalized or treated in the emergency department.

 ■ Evaluate patients taking SGLT2 inhibitors for ketoaci-
dosis if they present with associated symptoms (e.g. 
abdominal pain, vomiting), the FDA advises, noting 
that ketoacidosis can occur even if blood glucose levels 
are not particularly high. If ketoacidosis is suspected, 
the SGLT2 inhibitor should be stopped and the com-
plication treated immediately. Similarly, UTIs should 
be treated promptly. 

 ■ Manufacturers of SGLT2 inhibitors, which include 
canagliflozin, dapagliflozin and empagliflozin, are 
now required to perform postmarketing safety studies 
for 5 years.

Empagliflozin
Patients with type 2 diabetes at high risk for cardiovascu-
lar events who received empagliflozin, as compared with 
placebo, had a slightly lower rate of the primary compos-
ite cardiovascular outcome and of death from any cause 
when the study drug was added to standard care. A total 
of 7,020 patients were treated (median observation time, 
3.1 years). The primary outcome occurred in 490 of 4,687 
patients (10.5%) in the pooled empagliflozin group and 
in 282 of 2,333 patients (12.1%) in the placebo group (HR 
in the empagliflozin group, 0.86; 95.02% CI, 0.74–0.99;  
p = 0.04 for superiority). Further studies are needed with 
similar agents to observe a better outcome with p value 
less than 0.02 to be clinically meaningful. Note there was 
no decrease in fatal or nonfatal MIs the main disaster 
caused by diabetes. But heart failure was reduced prob-
ably by volume depletion. 
 There were no significant between-group differences 
in the rates of MI or stroke, but in the empagliflozin group 
there were significantly lower rates of death from cardio-
vascular causes (3.7% vs 5.9% in the placebo group; 38% 
relative risk reduction), hospitalization for heart failure 
(2.7% and 4.1%, respectively; 35% relative risk reduction), 
and death from any cause (5.7% and 8.3%, respectively; 
32% relative risk reduction). There was no significant 
between-group difference in the key secondary outcome 
(p = 0.08 for superiority). 

 ■ Among patients receiving empagliflozin, there was an 
increased rate of genital infection but no increase in 
other serious adverse events.
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 ■ The drug may increase serum creatinine and decreases 
eGFR. Renal function should be evaluated prior to ini-
tiating empagliflozin and periodically thereafter. More 
frequent monitoring is recommended with eGFR 
below 60 mL/min/1.73 m2. The risk of impaired renal 
function with empagliflozin is increased in elderly 
patients and patients with mild to moderate renal 
impairment, a common finding in diabetics. Empagli-
flozin, should be discontinued in patients with a per-
sistent eGFR less than 45 mL/min/1.73 m2. 

 ■ I advise DC, if eGFR is less than 50 mL/min. It is best to 
wait a few years for further RCTs and warnings before 
using these agents.

 ■ Increases in LDL-C can occur
 ■ When empagliflozin was administered with insulin or 

sulfonylurea, the incidence of hypoglycemic events 
was increased.

 ■ Caution needed coadministration of empagliflozin, 
with diuretics resulted in increased urine volume and 
frequency of voids, which might enhance the potential 
for volume depletion; diminished efficacy and adverse 
effects in elderly patients who commonly have some 
degree of renal dysfunction despite a normal serum 
creatinine.

 ■ The incidence of volume depletion-related adverse 
reactions and UTIs increased in patients more than or 
equal to 75 years treated with this agent. 

DIABETICS DEVELOP SITOSTEROLEMIA: 
A KNOWN CAUSE OF ATHEROMATOUS 
CAD AND MI
Patients with type 2 diabetes mellitus have an extraordi-
narily high incidence of MI and stroke. Annually more 
than one million die in India (Go et al. 2013) because of 
diabetes mellitus. Our well-tried medical therapies that 
effectively control hyperglycemia do not significantly 
reduce the incidence of MI and stroke (Duckworth et al. 
2009; ACCORD 2008) caused mainly by atheroma. Thus 
the author searched for culprits other than hyperglycemia 
and LDL-C. 
 A “Holmes” deduction dictated the following thinking: 
1. Meat consumption causes elevation of LDL-C that is 

known to cause atheroma and MI
2. Carbohydrates may cause hyperglycemia in diabetics 

and overweight in some
3. If 2 of three much consumed foods cause serious harm, 

should we exempt the third large group, vegetables, 

plant foods and shellfish avidly consumed by peo-
ples in developing countries? A culprit may be lurking 
within.

 Diabetics of necessity consume much vegetables and 
plant foods that contain sitosterol. 

 ■ This widely used plant sterol, sitosterol, is known to 
cause atheromatous CAD and fatal MI in children and 
young adults with sitosterolemia (Salen et al. 1985; 
Bhattacharyya and Connor 1974).

 ■ In this genetic disease mutations in either ABCG5 or 
G8 proteins cause intestinal hyperabsorption of sitos-
terol (Lee et al. 2001). 

 ■ Most important, this intestinal genetic defect is present 
in diabetics and cause hyperabsorption of sitosterol as 
shown in a study of six diabetic and six non-diabetics 
control subjects (Lally et al. 2007).

 Bhattacharyya and Connor (1974) reported on a newly 
described lipid storage disease in two sisters. Because of 
markedly elevated plasma and tissue sitosterol levels, pre-
mature atherosclerosis may develop. 

Sitosterol is a Harmful Substance 
Unlike the Innocuous Glucose
Salen et al. (1985) described the autopsy findings from an 
18-year-old white male who died suddenly of an acute MI 
caused by atheromatous occlusion of coronary arteries. 
From age 10, he had noted tendon xanthomas that began 
on the left elbow and back and then subsequently in the 
Achilles tendons, knees, and wrists. Measurements of 
plasma sterols 4 years prior to death revealed high concen-
trations of plant sterols with mild hypercholesterolemia 
and a diagnosis of sitosterolemia with xanthomatosis was 
established (Salen et al. 1985).

 ■ Fasting plasma concentrations of sitosterol above  
10 mg/L are diagnostic of familial genetic sitoster-
olemia.

 ■ Levels of 5.2–10 mg/L present in diabetic individuals 
for more than 20 years represents significant sitoster-
olemia and may cause atheromatous arterial disease.

 The author conducted a non-funded study of 60 subjects 
and confirmed and abnormal increase in sitosterol absorp-
tion that resulted in abnormally high sitosterol levels in dia-
betics particularly in patients with CAD.

 ■ This genetic defect in the intestine that causes hyper-
absorption of sitosterol in diabetics is essentially 
unknown to the medical Profession and the public and 
must be publicized.
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 Study objective: Sitosterol elevation causes severe 
atheromatous arterial disease in patients with genetic 
familial sitosterolemia and if elevated in diabetics may be 
the cause of atheromatous arterial occlusions. 

 ■ Blood sitosterol levels were assessed in diabetics par-
ticularly in those with CAD.

 ■ All diabetic and non-diabetic subjects were requested 
to have an evening meal with some, or much vegeta-
ble, including avocado known to have a high sitosterol 
content, the evening before and blood drawn 12 to 13 
hours after food.

 ■ Sitosterol estimation was performed at the Mayo Med-
ical laboratories for 40 patients with diabetes and 20 
control subjects. Normal sitosterol reference range: 0–5 
mg/L. (Conversion factor to convert from milligram/L 
to µmole/L. Sitosterol 2.42X) Sitosterol 0–5 mg/L = 0– 12.1 
µM/L).

 Results: Seventy-five percent of diabetic subjects with 
CAD showed elevated sitosterol 5.1 to 9.5 mg/L. Forty-
five percent of diabetics showed elevated sitosterol blood  
levels. Sitosterol was not elevated in 100% of control  
subjects, 1.5–3.6 mg/L and 100% of diabetics without  
CAD, 0.7-4.2 mg/L. This novel study shows that sitosterol 
levels are elevated in most diabetic patients with CAD. 
This report should engender large studies that can be 
completed within months to verify the above findings and 
implications.
 This is the first study to show that in diabetics 12–14 
hours fasting blood sitosterol levels are abnormally 
increased. This increase can only occur because of hypera-
bsorption of sitosterol.

 ■ Sitosterolemia is a recessively inherited disorder that 
results from mutations in either ABCG5 or G8 proteins, 
with intestinal hyperabsorption of dietary sterols and 
decreased hepatic excretion of plant sterols and cho-
lesterol (Lee et al. 2001).

 ■ A similar genetic defect is present in diabetics. Two 
independent genetic disturbances are present in most 
diabetics; a fact that is essentially unknown.

Sitosterol Elevation Added to LDL-C is the 
Cause of MI, Stroke, and Peripheral 
Vascular Disease

 ■ Sitosterol may be responsible for nephropathy, neu-
ropathy and retinopathy; this awaits confirmation.

 ■ Sterolins ABCG5 and ABCG8 are regulators of whole 
body dietary sterols. The ATP-binding cassette trans-
porters G5 and G8 (ABCG5 and ABCG8) play an 
important role in intestinal sterol absorption and bile 
acid secretion (Hazard, and Patel 2007).

 Investigators indicated that foods enriched with plant 
sterol were being promoted to prevent atherosclerosis 
but, the amount needed is more than five times the nor-
mal dietary plant sterol intake (0.3–0.4 g/day) (Lally et al. 
2007). The effect of a sitosterol-enriched diet on chylomi-
cron composition and the relationship between chylomi-
cron sitosterol and intestinal ABCG5 and G8 and NPC1L1 
gene expression were examined (Lally et al. 2007). Only six 
type 2 diabetic patients and six control subjects were stud-
ied. Subjects were given 1 week of a sitosterol-enriched 
diet (2.5 g/day), in which sitosterol-enriched margarine 
and milk or yogurt were substituted for their normal dairy 
products. (Lally et al. 2007). Subjects had fasting blood 
taken followed by a 4.60 MJ (1,100 kcal) high-fat test 
meal containing 2.0 g sitosterol and 4 and 6 h following 
the meal blood was sampled. Postprandial chylomicron 
sitosterol was significantly increased in diabetic patients 
(5.5 ± 1.2 vs 3.4 ± 1.3 mg/mL plasma, p < 0.02). Fasting 
serum cholesterol for diabetic and control subjects was 
5.0 ± 0.9 and 4.7 ± 1.1 mmol/(Lally et al. 2007) The inves-
tigators added that most absorbed plant sterols are car-
ried in the chylomicron particle and rapidly excreted in 
the bile and fasting levels may not reflect the postpran-
dial state, in diabetics (Lally et al. 2007). Importantly, 
12–14 hours fasting blood sitosterol levels were not 
assessed by Lally et al.

 ■ Mild diabetics on no drug therapy may have elevated 
sitosterol levels (Khan 2017); caution is required in 
assessing risks.

 ■ The study (Khan 2017) confirms that patients with type 
2 diabetes mellitus hyper absorb sitosterol because of 
an intestinal genetic defect similar to that of sitoster-
olemia (Hazard and Patel 2007; Lally et al. 2007).

 ■ Patients with type 1 diabetes require assessment par-
ticularly those with retinopathy.

 ■ Because the intestinal genetic abnormality that exists 
in patients with diabetes mellitus is variable and may 
occur in those with mild diabetes regardless of glucose 
levels it remains possible that some non-diabetics with 
CAD may have this genetic disturbance. The available 
data cannot confirm an increased risk in non-diabetics 
with sitosterol, but cannot rule it out either.
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 ■ Investigators indicated that a polymorphism of the 
sterol transporter ABCG8 has been associated with 
the prevalence of end-stage renal disease and with 
the incidence of new renal events in type 2 diabetic 
patients (Karen et al. 2016). They indicated that the 
association of ABCG8 T400K polymorphism with renal 
disease was validated in the DIAB2NEPHROGENE 
population of patients with type 2 diabetes with dura-
tion of 16 years on average (Nicolos et al. 2015).

 The possibility that sitosterol causes nephropathy  
cannot be simply excluded. Those who have viewed the 
pathologic kidney of Kimmelstiel-Wilson syndrome may 
agree that hyperglycemia is an unlikely cause for the severe 
derangement of morphology and function of the diabetic 
nephrotic kidney. Fifty percent of subjects with abnor-
mal albumin creatinine ratio (>2 mg/mmol) had elevated 
sitosterol levels (Khan 2017).

 ■ Nephropathy appears to be caused by diabetic sitos-
terolemia (Khan 2017).

 ■ Retinopathy may be caused by elevated sitosterol 
levels and must be assessed.

 An abundance of Sitosterol was found in:
 ■ Carotid artery atheroma plaques (Miettinen et al. 2005)
 ■ In aortic valve tissue of patients with CAD undergoing 

aortic valve replacement (Luister et al. 2015).

Therapeutic Implications
A new treatment strategy can be added to current drug 
therapy. Ezetimibe reduces both blood cholesterol and 
sitosterol levels and is used to treat sitosterolemia Sitos-
terol concentrations decreased by 21% (p < 0.001) in 
patients treated with ezetimibe compared with a nonsig-
nificant 4% rise in those on placebo (between-group p < 
0.001). (Salen et al. 2004).

 ■ A more effective agent that can decrease sitosterol 
more than 40% is needed; we suggest that abnormal 
levels in diabetics should be reduced to <4 mg/L.

 ■ In the large soundly run heart attack RCT IMPROVE—
it, the benefit of the simvastatin–ezetimibe combina-
tion, was “particularly pronounced in patients with 
diabetes mellitus” (Cannon et al. 2015).

 ■ Ezetimibe and more effective agents should find a role 
for the management of diabetes mellitus.

 ■ Diabetic patients with elevated sitosterol levels, and 
or cardiovascular disease, retinopathy or nephropa-
thymay be more effectively treated with, a sitosterol 
reduction diet, ezetimibe plus statins.

ADVICE FOR DIABETICS TO REDUCE 
SITOSTEROL BLOOD LEVELS

 ■ About 50% of diabetic patients are expected to have 
sitosterolemia, 5–10 mg/L (Khan 2017) and levels 
should be reduced to < 4.4 mg/L.

Foods to Minimize
Some foods with high sitosterol content should be mini-
mized.

 ■ All vegetable oils (corn, canola, safflower, and coconut 
oils are high compared with soybean, and flax seed. 

 ■ Canola oil and corn oil: One tablespoon of contains 
59–80 milligrams of beta-sitosterol.

 ■ Avocado, nuts: pistachio, almonds, cashew chocholates.
 ■ Shellfish: including shrimp, clams, scallops, lobsters, 

crabs and abalones.
 ■ Margarines and other foods may have sitosterol added 

by manufacturers.

Foods with Lower Sitosterol Levels
 ■ Carrots, cauliflower, cabbage, bananas, apples, pea-

ches and pears, many others.
 ■ Soybean oil: 23 milligrams in a tablespoon
 ■ Flaxseed oil: 28 milligrams in a tablespoon.

EZETIMIBE
Drug Therapy and Dietary Restriction are Both Neces-
sary.

 ■ Ezetimibe reduces blood sitosterol ~ 21% (Salen et al. 
2004)

 ■ Ezetimibe is indicated as adjunctive therapy to diet for 
the reduction of elevated sitosterol levels in patients 
with homozygous familial sitosterolemia. Thus, I 
advise that ezetimibe is indicated as adjunctive ther-
apy to diet for the reduction of elevated sitosterol in 
diabetic patients. 

 Dosage: 12–13 hr fasting sitosterol blood level
 ■ 7–10 mg/l 20 mg daily (two 10 mg tablets).
 ■ 4.5–6.9 mg/L 10 mg daily.

Sitosterol Level not Determined Because of Cost or 
Unavailable.
Advise

 ■ 10 mg daily
 ■ If positive family history of MI or stroke before age 75: 

10–20 mg/d is advisable.
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Cardiomyopathies
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CHAPTER

HYPERTROPHIC CARDIOMYOPATHY
This is mainly a disease of young adults. “Although sudden 
death in young competitive athletes may be due to a vari-
ety of cardiovascular diseases, the most common single 
disease entity in North America is hypertrophic cardio-
myopathy (HCM), which occurs in up to one-third of all 
sudden deaths during athletics” (Maron et al. 1995; Maron 
2003).
 Pediatric cardiomyopathies have both genetic and non-
genetic causes; nearly 25% of cases remain idiopathic with 
unknown, possibly genetic, causes (Mestroni et al. 2016).
 The muscle enlargement may be so severe that it 
obstructs the flow of blood into the aorta, and death may 
occur suddenly, particularly in individuals from approxi-
mately age 12–36 years but older individuals are not 
exempted.

 ■ Marked thickening of the interventricular septum 
obstructs the free flow of blood from the left ventricle 
into the aorta (Figs. 18.1A and B). 

 ■ Unfortunately deaths occur without warning in asymp-
tomatic or mildly symptomatic young patients

 ■ Hypertrophic cardiomyopathy is caused by mutation 
in the cardiac myosin gene. About 60% of cases occur 
in families with an autosomal dominant pattern and 
40% of cases are sporadic:

 ◆ Hypertrophy can involve the septum only, the apex, 
the anterior, and the lateral walls that is asymmetric 
hypertrophy
 • Hypertrophy of the heart muscle seen in the 

early phase of HCM and that observed in highly 
trained male athletes may be difficult to differ-
entiate

 ◆ The mitral valve anterior leaflet is displaced toward 
the hypertrophied septum, causing obstruction in 
mid systole; echocardiography shows systolic ante-
rior motion (SAM)
 • Mitral regurgitation occurs in the obstructive 

phase: Eject, obstruct, leak

 ◆ Approximately 33% of patients have no significant 
left ventricular (LV) outflow tract gradient at rest or 
on provocation.

 Hypertrophic cardiomyopathy and concomitant sys-
temic hypertension can present a challenging diagnostic 
and therapeutic dilemma (Sabbagh et al. 2016).

WARNING SIGNALS
 ■ Dizziness, lightheadedness.
 ■ Fainting, syncope, or presyncope during exercise or 

during normal activities.
 ■ Exercise increases the LV outflow tract gradient.

PHYSICAL SIGNS
 ■ An important sign that can occur in the absence 

of  gradient or murmur is a palpable left atrial beat  
(palpable fourth heart sound) that reflects impaired LV 
relaxation; it precedes the LV thrust.

 ■ Hypertrophy of the heart is reflected by a thrusting and 
forceful apex beat that can be seen or felt on palpation

 ■ The murmur has typical features: Crescendo-decre-
scendo starts well after the first heart sound (S1) and 
ends well before the second heart sound (S2). It is best 
heard between the apex and left sternal border and 
radiates poorly to the neck. Intensity increases with 
maneuvers or drugs that decrease preload (valsalva, 
standing, amyl nitrite) and decreases in intensity with 
an increase in afterload (squatting, hand grip, phe-
nylephrine). 

 Physical examination may be unrewarding if three 
subtle signs are not carefully assessed:
1. Rapid carotid upstroke
2. Abnormal cardiac impulse with a palpable left atrial 

beat
3. Gallop sounds.
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ECG
The ECG is abnormal in more than 95% of patients with 
significant symptomatic HCM and about more than 90% 
abnormal in asymptomatic patients. The ECG may be 
abnormal when the echocardiogram shows no significant 
abnormality. 

ECG Findings Include
 ■ Deep narrow Q waves in about 30% of subjects in leads 

II, III, aVF, V5 and V6, or in I, aVL, V5, and V6, and rarely 

V1 through V3, which at times reflect septal hypertro-
phy and may mimic myocardial infarction (Fig. 18.2).

 Patient with proven mild HCM: Mild hypertrophy 
of the septum on echocardiography, and mild free-wall 
hypertrophy, but without significant obstruction of the LV 
outflow tract. 

 ■ Intraventricular conduction delay in over 80%
 ■ High QRS voltage LV hypertrophy (LVH): Left atrial 

abnormality indicating enlargement and/or hypertrophy
 ■ Diffuse T-wave changes in some patients or T waves of 

LVH

Figs. 18.1A and B: (A) Marked asymmetric septal hypertrophy in hypertrophic cardiomyopathy. The right panel is a pathological speci
men. (B) Various types of hypertrophic cardiomyopathy (HCM).
(MV: Mitral valve; LVOT: Left ventricular outflow tract).
Source: (A) Adapted from Jagdish Mohan. A Practical Approach to Clinical Echocardiography. New Delhi: Jaypee Brothers Medical 
Publishers; 2014, p. 401, Figure 21.15; (B) p. 404, Figure 21.23. 

B
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 ■ Giant inverted T waves, very high precordial QRS volt-
age with apical HCM (Fig. 18.3). 

 ◆ There can be marked ST-segment elevation in 
V2–V4 with prominent negative waves in V2–V4 as 
shown in Figure 18.3. The deepest S wave in any 
lead + S wave in V4 is > 3 mV, fills the diagnostic 
criterion for LVH. Severe LVH is shown on this ECG 
and was confirmed on echocardiography.

 ■ ST-segment depression in some; PR interval occasion-
ally short; pre-excitation may be seen.

 ■ The ECG is a good screening test because less than 
6% of individuals with HCM are expected to have a 
normal electrocardiogram, and these patients are at 
low risk.

 ◆ At the Mayo Clinic over a period of 12 years, 2,485 
patients with a diagnosis of HCM were seen. Of 
those, 135 patients (only 5.4%) were identified as 
having a normal ECG, and the remaining 2,350 
patients exhibited an abnormal ECG

 ◆ A long-running Italian experience confirmed that 
ECG screening provides adequate sensitivity and 
specificity for detection of potentially lethal cardio-
myopathy or arrhythmias and has led to substantial  

reduction of mortality of young competitive  
athle tes by approximately 90% (Corrado et al. 2008).

Echocardiographic Findings
 ■ Left ventricular myocardial segment of 1.5 cm or more 

in a normal-sized adult is considered diagnostic if 
there is no other evident cause.

 ■ Asymmetric hypertrophy is supporting evidence, myo-
cardial mass increases with age and size. 

 ■ Continuous-wave Doppler echocardiography defines 
the degree of LV outflow-tract gradient. Asymmetric 
septal hypertrophy involving most of the septum is the 
most common variant form of hypertrophy.

 ■ Disproportionate septal thickness, septum to posterior 
wall ratio more than 1.5 LV myocardial segment more 
than 1.5 cm in thickness.

 ■ Poor septal contraction, hypercontractile free poste-
rior wall 

 ■ Systolic anterior motion of the mitral valve (SAM) 
when outflow tract gradient more than 30 mm Hg  
mid-systolic aortic valve closure (Figs. 18.4 and 18.5).

 Small LV cavity, typically with virtual elimination in 
systole mitral regurgitation frequently present LV outflow 
tract gradient at rest in about 35% of patients.

Fig. 18.2: Pathologic Q waves in V4–V6, and leads II, III, aVF in a patient with known HCM without coronary artery disease. Incorrectly 
interpreted by computer as old inferolateral myocardial infarction (MI).
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Fig. 18.3: ECG of a 25yearold man with severe HCM; note ST abnormal elevation V1V5 can be misdiagnosed as acute myocardial 
infarction (MI). Note deepest S wave in any lead + S wave in V4 is > 3 mV, (30 mm) or S wave in lead V1 plus R wave in V6 > 35 mm  
(3.5 mV) fills diagnostic criterion for LVH.

Fig. 18.4: Longaxis view with greater septal hypertrophy (arrow), systolic anterior motion of the mitral valve leaflets and marked left 
ventricular outflow tract (LVOT) pressure gradient (right panel).
(Ao: Aorta, LA: Left atrium, LV: Left ventricle).
Source: Adapted from Jagdish Mohan. A Practical Approach to Clinical Echocardiography. New Delhi: Jaypee Brothers Medical Publish
ers; 2014, p. 402, Figure 21.18.
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THERAPY
 ■ Ball and colleagues in Toronto have demonstrated that 

the long-term survival of patients treated conserva-
tively with medical therapy is much better than previ-
ously thought (Ball et al. 2011).

 ■ In their large cohort of 649 patients, they showed that 
those patients who demonstrate both a significant 
improvement in symptoms and reduction in resting 
left ventricular outflow tract (LVOT) gradient have a 
similar overall and HCM-related survival to patients 
treated by an invasive septal reduction strategy.

 ■ Studies have demonstrated that approximately 33% of 
patients can be managed with medical therapy with 
amelioration of symptoms and more than 50% reduc-
tion in the LVOT gradient (Sherrid et al. 2005; Sherrid 
et al. 2013).

 ■ Ventricular emptying, i.e. outflow tract obstruction 
is common in HCM. Obstruction is increased, by 
maneuvers that increase contractility, by a decrease in 
LV afterload and by a decrease in LV filling.

 ■ Activity restriction with avoidance of volume depletion. 
A decrease in ventricular volume or increase in 
ventricular contractility increases the outflow gradient. 
Thus, dehydration and the use of preload-reducing 
agents, such as diuretics, and nitrates should be avoided 
or used with caution when needed. Angiotensin-

converting enzyme (ACE) inhibitors were shown to be 
ineffective in a randomized clinical trial (RCT) 

 ■ Control of symptoms, prevention of sudden death, and 
screening of relatives.

 ■ Beta-blocker: Commence a beta-blocking drug (expe-
rience mainly with propranolol, see discussion below) 

 ■ Disopyramide: In the presence of significant LV outflow 
tract gradient and persistent symptoms, add disopyra-
mide with caution

 ■ Peripheral vasoconstriction when appropriate is best 
attained by β2 blockade; thus cardioselective agents 
are not advisable. Nonselective β1, β2 agents, by 
decreasing contractility and by blocking peripheral 
dilator beta endings, thus causing peripheral constric-
tion, have a dual mode of decreasing LV outflow tract 
obstruction.

 ■ Cardioselective beta-blocking drugs are less effec-
tive than the nonselective agents at reducing outflow 
tract obstruction; this has been our experience (Webb- 
Peploe 1985). It is surprising that large RCTs have not 
been carried out for these drugs that provide significant  
relief of symptoms and may prevent sudden death 
if the correct beta-blocker is administered. It is now 
important for the physician to select an appropriate 
beta-blocker with the understanding that all beta-
blockers are not alike (Khan 2005).

Propranolol
Propranolol is the beta-blocker of choice.
Dosage: 40 mg three times daily, increased slowly to 240 
mg daily. A slow buildup of the dosage to 320 mg may be 
required.

Timolol
 ■ This remarkable drug has been largely discarded in 

the Americas. It caused a stunning 67% reduction in  
sudden cardiac deaths (SCDs) in the Norwegian Myo-
cardial Infarction Trial (1981). No other drug can claim 
such. A major problem with HCM is sudden death. 

 ■ Dose: 10–15 mg twice daily.
 ■ Atenolol is not recommended. Carvedilol has alpha 

activity and is not advisable.

Disopyramide
Advisable in selected patents as a second-line agent in 
patients resistant to therapy with beta-blockers or calcium 
antagonists (Sherrid et al. 2005). 

Fig. 18.5: Parasternal longaxis view showing severe thickening 
of the septum with systolic anterior motion of the mitral leaflets 
(arrow) causing left ventricle (LV) outflow obstruction.
(Ao: Aorta; LA: Left atrium).
Source: Adapted from Jagdish Mohan. A Practical Approach to 
Clinical Echocardiography. New Delhi: Jaypee Brothers Medical 
Publishers; 2014, p. 401, Figure 21.16.
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 The addition of disopyramide, via its negative inotropic 
effect, may result in significant symptomatic improvement, 
as demonstrated in large series (Ball et al. 2011; Sherrid 
et al. 2013).

 ■ Disopyramide: In the United States, “the drug is tried” 
in an inpatient setting with ECG monitoring for QT 
prolongation.

Dosage: 150–800 mg daily, preferably as a twice-daily long-
acting preparation. 
 Contraindications include sick sinus syndrome, AV 
block, and impaired ventricular systolic function.

Verapamil
Beta-blockers and verapamil are probably equally effec-
tive for the management of symptoms, but beta-blockers 
generally are safer and therefore are considered first-line 
therapy. If there is a noncardiac contraindication to a beta-
blocker or adverse effects, verapamil may be tried. 
 Dosage 40–80 mg twice daily increased slowly over 
weeks to 240–360 mg daily under close observation. Pref-
erably, administration of the drug is begun in the hospital 
setting.

 ■ Caution verapamil use: Watch for bradycardia, sinus 
arrest, AV block, hypotension and heart failure.

Antibiotics
Antibiotics should be given before dental work, endos-
copy, abdominal, and other operations to prevent bacte-
rial endocarditis. 

Anticoagulants
Indications include:

 ■ All patients with atrial fibrillation (AF), to prevent 
embolism at the time of DC conversion, and when 
waiting for amiodarone to produce conversion. 
Patients who remain in AF while on amiodarone 
should receive anticoagulants but with careful moni-
toring of international normalized ratio or prothrom-
bin time because amiodarone enhances the activity of 
coumarins and life-threatening bleeding can be pre-
cipitated.

Septal Myectomy
Refractory symptoms despite above treatment consider 
mechanical therapy: 

 ■ Myectomy can now be performed with a low operative 
risk (<1% for isolated myectomy) and minimal compli-
cations, with documented sustained improvement in 
symptoms. These patients, who were severely limited 
before the operation, are generally able to return to a full 
active lifestyle (Nishimura and Schaff 2015). Myectomy 
confers an excellent survival benefit and near normal  
life expectancy and is generally preferred when sep-
tal hypertrophy is excessive, or concomitant surgery 
on the coronary arteries or mitral valve apparatus 
is required. Myectomy carries no increased risk of 
arrhythmia; this risk is ~10% for alcohol-induced sep-
tal ablation.

 Long-term mortality and (aborted) SCD rates after 
alcohol septal ablation (ASA) and myectomy are simi-
larly low. Patients who undergo ASA have more than twice 
the risk of permanent pacemaker implantation and a five 
times higher risk of the need for additional septal reduc-
tion therapy compared with those who undergo myec-
tomy (Liebregts et al. 2015).

Alcohol-induced Septal Ablation
Alcohol infused into a septal perforator artery or branch 
that perfuses the proximal septum produces a localized 
myocardial infarct. This causes significant symptomatic 
improvement with a decrease in the outflow gradient from 
60 mm Hg to 70 mm Hg to less than 20 mm Hg in selected 
cases. Heart block requiring pacing occurs in 20–30% of 
cases; also large infarcts and ventricular septal defects may 
occur.
 Veselka et al. (2016) reported on long-term outcomes 
(the Euro-ASA registry). A total of 1,275 (58 ± 14 years, 
median follow-up 5.7 years) highly symptomatic patients 
treated with ASA were included. The 30-day post-ASA 
mortality was 1%. One hundred seventy one (13%) patients 
died during follow-up, survival rates at 1, 5 and 10 years 
after ASA were 98%, 89% and 77% respectively. Ablation 
reduced the LV outflow tract gradient from 67 ± 36 mm Hg 
to 16 ± 21 mm Hg (p < 0.01) and New York Heart Association 
(NYHA) class from 2.9 ± 0.5 to 1.6 ± 0.7 (p < 0.01). At the last 
follow-up, 89% of patients reported dyspnea of NYHA class 
less than or equal to 2, which was independently associ-
ated with LV outflow tract gradient (p < 0.01).
 The Euro-ASA registry demonstrated low periproce-
dural and long-term mortality after ASA. This intervention 
provided durable relief of symptoms and a reduction of 
LV outflow tract obstruction in selected and highly symp-
tomatic patients with obstructive HCM. The short-term 
potential arrhythmia risk associated with ASA, is ≈10%.
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APICAL HYPERTROPHIC 
CARDIOMYOPATHY

 ■ Hypertrophy of the apex of the heart is seen more  
frequently in the Asian population than in the non-
Asian population, and is more common in Japan. The 
ECG shows a highly abnormal pattern of giant negative 
T waves in the chest leads (Fig. 18.6). Despite the highly 
abnormal ECG, patients may be asymptomatic and the 
disease appears to run a benign course.

 ■ A Longitudinal cohort studies have shown that the 
rate of cardiac death among patients with apical HCM 
is similar to that among patients with other forms of 
HCM but is higher among women than among men 
(Zeineh and Eles 2015).

DILATED CARDIOMYOPATHY
 ■ Heart failure is rare in individuals younger than age 30 

years. 
 ■ If congenital heart disease is excluded, the most com-

mon cause of heart failure in the young is dilated  
cardiomyopathy (DCM).

 ■ A diagnosis of DCM should be considered in a patient 
with right and left HF, documented global hypokinesis 
and dilatation of the left and/or right ventricles, and 
reduced systolic function in the absence of evidence 
of coronary artery disease, congenital, specific valvu-
lar, hypertensive, or specific heart muscle disease, and 
chronic excessive alcohol consumption. 

 ■ Dilated cardiomyopathy is not caused by alcohol but 
can be exaggerated by it.

 ■ A previous viral infection has been suspected in about 
33% of cases.

 ■ Although previously considered to be only rarely 
familial, it is now known that a genetic factor is present 
in a few. 

Symptoms
 ■ Dyspnea on exertion increases over weeks or months, 

culminating in typical symptoms of heart failure: 
orthopnea, paroxysmal nocturnal dyspnea and edema.

Physical Signs
 ■ Left and right heart failure are prominent. 
 ■ The apex beat is displaced downward and outward to 

the left due to LV dilatation. 
 ■ Left lower parasternal lift or pulsation indicates right 

ventricular dilatation. 
 ■ The jugular venous pressure (JVP) is elevated and may 

show a systolic wave of tricuspid regurgitation.
 ■ A soft grade I–II/VI mitral systolic murmur and a soft 

tricuspid systolic murmur are commonly present from 
mitral and tricuspid regurgitation because of dilata-
tion of the ventricles, valve rings and papillary muscle 
dysfunction. 

 ■ S4 and S3 gallop are constantly present, as well as sinus 
tachycardia; thus, a summation gallop is a frequent 
finding. 

Fig. 18.6: Giant Twave inversion leads V3–V6 in a patient with apical hypertrophic cardiomyopathy.



Cardiomyopathies 285

 ■ The loud S3 is present in virtually all cases and is often 
heard when heart failure is absent. This hallmark 
serves to differentiate DCM from a class 4 ventricle due 
to coronary artery disease where a soft S3 is heard dur-
ing episodes of heart failure, but is frequently absent or 
quite soft when the individual is assessed not to be in 
heart failure, and in the absence of LV aneurysm.

ECG Findings
 ■ Sinus tachycardia.
 ■ Flat or inverted T waves. 
 ■ Modest LVH may be masked by low voltage. 
 ■ Atrial fibrillation occurs in about 25%.
 ■ Intraventricular conduction delays occur in more than 

75% of cases
 ■ Poor R-wave progression (V2 through V4) or Q waves 

of pseudoinfarction may suggest an incorrect diagno-
sis of ischemic heart disease.

Echocardiographic Findings
 ■ Moderate to severe dilatation of both ventricles.
 ■ There is global hypokinesis and commonly paradoxi-

cal movement of the septum
 ■ Increased end systolic and end diastolic dimensions
 ■ Ejection fraction (EF) usually less than 35%; in the 

presence of heart failure, EF is usually 10–30%
 ■ Atrial enlargement and ventricular thrombi are com-

monly seen (Figs. 18.7 to 18.9).

Treatment
 ■ Salt restriction.
 ■ Avoidance of alcohol is necessary in all patients and 

especially in the patient with a class 3 or 4 ventricle, 
because alcohol decreases the EF. 

 ■ Digoxin provides some benefit in heart-failure patients 
in sinus rhythm and is indicated for atrial fibrillation 
with ventricular response more than 100 beats/min. 
The dose should be adequate, but care is needed to 
avoid digitalis toxicity and to maintain a digoxin level 
0.5–0.9 ng/mL (nmol/L) particularly in women. In 
patients with refractory heart failure, IV dobutamine 
may cause temporary “improvement”.

 ■ Diuretics play a vital role in the relief of symptoms and 
cannot be replaced by ACE inhibitors. 

 Furosemide combined with amiloride 5–10 mg in 
males or spironolactone 25 mg in females produces salu-
tary effects. 

 ■ Warfarin is advisable in most patients to prevent 
embolization from atrial and ventricular thrombi.

CARDIAC RESYNCHRONIZATION 
THERAPY

Cardiac resynchronization therapy (CRT) improves 
mechanical synchrony, which in turn increases LV filling 
time, decreases mitral regurgitation, and reduces sep-
tal dyskinesis, which is frequently reported in adults. 

Figs. 18.7A and B: Dilated cardiomyopathy. (A) The left ventricle (LV) enddiastolic dimension in the parasternal long axis has dec
reased in the followup study (right side) as compared to baseline examination (left side). Movie clips 7A (parasternal longaxis view), 
7B (parasternal shortaxis view), and 7C (apical fourchamber view) also show improved LV function 1 year after antifailure regimen. 
(Ao: Aorta; DA: Descending aorta; LA: Left atrium; PW: Posterior wall; RA: Right atrium; RV: Right ventricle; VS: Ventricular septum).
Source: Adapted from Nanda NC. Comprehensive Textbook of Echocardiography. New Delhi: Jaypee Brothers Medical Publishers; 
2014, p. 1373, Figures 66.3A and B.

A B
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This therapy has been shown to restore coordination 
and relaxation of cardiac chambers, results in favorable  
cardiac remodeling, and improves survival in this popula-
tion (Cleland et al. 2005; Linde et al. 2002).
 Data from recent studies indicate that we should put 
all our efforts into placing the LV lead in the target region 
(Meine et al. 2016). 

RESTRICTIVE CARDIOMYOPATHY
 ■ The primary defect is a restriction of ventricular filling, 

thus an increase in filling pressures. Restrictive cardio-
myopathy (RCM) is a member of the group of diastolic 
heart failure in which diastolic function is impaired 
earlier and more severely than systolic function. 

Figs. 18.8A and B: Dilated cardiomyopathy. Twodimensional transthoracic echocardiography. (A) Parasternal longaxis and (B) apical 
fourchamber views demonstrate left ventricle (LV) and left atrial (LA) dilatation. 
Source: Adapted from Nanda NC, Comprehensive Textbook of Echocardiography. New Delhi: Jaypee Brothers Medical Publishers; 
2014, p. 1374, Figures 66.4A and B.

Figs. 18.9A and B: Multiple thrombi in a patient with poor ventricular function. Twodimensional transthoracic echocardiography. The 
movie clip on day 1 shows prominent thrombi (arrows), some of them mobile, in both atria and in the left ventricle (LV). A few show 
central echolucencies of varying sizes consistent with clot lysis. Repeat examination on day 2 shows the clots to be smaller and less 
prominent, most likely related to significant resorption. There was no clinical evidence for embolization. (A) and (B) are representative 
frames from the movie clip.
(Ao: Aorta; LA: Left atrium; RA: Right atrium; RV: Right ventricle).
Source: Adapted from Nanda NC, Comprehensive Textbook of Echocardiography, New Delhi: Jaypee Brothers Medical Publishers; 
2014, p. 1377, Figures 66.9A and B. (Movie clips 66.9, Parts 1 and 2). 

A B
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 ■ Impaired relaxation and compliance causes restric-
tive pathophysiology at the pericardial, myocardial, or 
endomyocardial level.

 ■ Endomyocardial fibrosis is the most common cause of 
RCM in tropical regions. In temperate climates, hyper-
eosinophilic heart disease (Loffler’s disease) may 
involve organs other than the heart. 

 ■ Cardiac disease resulting from amyloid-associated 
multiple organ involvement, sarcoid, hemochromato-
sis, eosinophilic syndromes, scleroderma, adriamycin 
toxicity, and infectious agents, including tuberculosis, 
causing restrictive physiology is considered as specific 
heart muscle disease. 

ENDOMYOCARDIAL FIBROSIS

Clinical Features
 ■ Intermittent fever, shortness of breath, cough, palpita-

tions, edema and tiredness. 
 ■ Hypereosinophilia with abnormal eosinophil degran-

ulation is seen in temperate climates (hypereosino-
philic heart disease). 

 ■ Hypereosinophilia is less severe in tropical endomyo-
cardial fibrosis (EMF). 

 ■ S3 and S4 gallops may be visible and audible in the 
absence of heart failure. 

 ■ Symptoms and signs of heart failure and of moderate 
to severe mitral and tricuspid regurgitation caused 
by papillary muscle dysfunction serve to differentiate 
RCM from constrictive pericarditis, as does the greater 
degree of cardiac enlargement on chest X-ray in RCM.

 ■ Endomyocardial fibrosis may mimic the hemody-
namic and clinical features of constrictive pericarditis. 

 Chest X-ray in EMF may show extensive calcification of 
the right or LV apical myocardium.
 “ECG findings” are nonspecific. Marked ST-seg-
ment changes, deep T wave inversion, and LVH may be 
observed. 

Echocardiography
 ■ Obliteration of the apices of the ventricles by echogenic 

masses, likened to a boxing glove. Numerous echo-
genic areas are usually observed throughout the ven-
tricular endocardium and myocardium and myocar-
dial calcification may be detected (Figs. 18.10 to 18.14). 

 ■ Mitral and tricuspid regurgitation.

PERIPARTUM CARDIOMYOPATHY
Left ventricular systolic dysfunction and symptoms of 
heart failure occur between the late stages of pregnancy 
and the early postpartum period (Sliwa et al. 2006). Risk 
factors include age, gravidity and African origin.

 ■ African-American women have a higher risk for devel-
oping peripartum cardiomyopathy (Gentry et al. 2010; 
Silwa et al. 2005).

Symptoms and Signs
 ■ Dyspnea on exertion, orthopnea, paroxysmal noctur-

nal dyspnea, persistent cough and edema. 
 ■ A displaced hypodynamic apical impulse gallop 

rhythm and functional mitral regurgitation.

Treatment
 ■ Hydralazine for afterload reduction replaces ACE 

inhibitors that are contraindicated in pregnancy. 
Other anti-heart failure medications are used judi-
ciously.

 The addition of pentoxifylline to conventional therapy 
improves outcome in patients with peripartum cardiomy-
opathy (Silwa et al. 2002).

Fig. 18.10: Parasternal longaxis view of a 63yearold male with 
idiopathic restrictive cardiomyopathy. Note normal size and shape 
of the left ventricle (LV) with marked dilatation of the left atrium 
(LA).
Source: Adapted from Jagdish Mohan. A Practical Approach to 
Clinical Echocardiography. New Delhi: Jaypee Brothers Medical 
Publishers; 2014, p. 406, Figure 21.30.
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Fig. 18.11: Familial restrictive cardiomyopathy in a 31year male. Note typical mitral restrictive flow pattern (left lower panel) and sub
normal global longitudinal strain of 15% (left upper panel). 
Source: Adapted from Jagdish Mohan. A Practical Approach to Clinical Echocardiography. New Delhi: Jaypee Brothers Medical Publish
ers; 2014, p. 407, Figure 21.32c.

Figs. 18.12A and B: (A) Apical longaxis view showing echogenic cap along the apical endocardium due to thrombus formation and 
endocardial thickening in endomyocardial fibrosis; (B) Late fibrotic phase of endomyocardial fibrosis arrows point to scarred apex involv
ing the anterolateral papillary muscle (PM). 
Source: Adapted from Jagdish Mohan. A Practical Approach to Clinical Echocardiography. New Delhi: Jaypee Brothers Medical Publish
ers; 2014, p. 407, Figures 21.33 and 21.34.

BA
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TAKOTSUBO CARDIOMYOPATHY; 
STRESS CARDIOMYOPATHY
Termed: Stress cardiomyopathy, transient stress-induced 
myocardial LV dysfunction, transient myocardial stun-
ning, Takotsubo syndrome, apical ballooning syndrome or 
apical-midventricular ballooning syndrome.

 ■ The characteristic ballooning out of the apex of the 
heart with preserved function of the base fostered the 
name Takotsubo syndrome (“takotsubo”, Japanese for 
octopus trap) (Figs. 18.15A and B).

 ■ Takotsubo cardiomyopathy (TTC) causes severe chest 
pain but can present with mild to moderate chest pres-
sure and thus mimics the symptoms of acute myocar-
dial infarction. The ECG is abnorml and may mimic 
non-ST segment MI (Fig. 18.16). Although originally 
reported in Japan, it has been described elsewhere. 
More than 90% of reported patients are female and 
only few are younger than 50 years of age (Akashi  
et al. 2008).

 ■ Many reports, however, link insurmountable stress 
producing the syndrome in younger individuals in the 
setting of panic or surgical interventions. A 2-year-old 
girl developed reversible LV dysfunction on the second 
post-up surgery for anaplastic ependymoma. Her elec-
trocardiography results demonstrated changes con-
sistent with myocardial infarction (A). Transthoracic 
echocardiography was suggestive of a TTC demon-

strating a LV with ballooning of the apex, resembling 
the octopus trap (Takotsubo) configuration.

Takotsubo Cardiomyopathy Triggers 
for an Event
Setting of profound psychological stress: Fight-or-flight 
response sets in.

 ■ Panic, fright, caught in a disaster, earthquake, storm or 
the like

 ■ Grief from the death of a spouse, other loved one or 
relative

 ■ Heated arguments relationship disagreements, 
domestic abuse, arguments with spouse or partner

 ■ Catastrophic medical diagnoses, devastating financial 
or gambling losses

 ■ Even fear from public speaking, coitus; and also delir-
ium tremens (Agu et al. 2015).

 ■ The patient developed heart failure, ST segment eleva-
tion typical of SETEM; coronary angiograms were nor-
mal but echocardiogran was typical fro teh syndrome 
and with a very low ejection fraction (Agu et al. 2015)

Physical Triggers
 ■ Heart attack
 ■ Stroke
 ■ Status asthmaticus
 ■ Surgery.

Fig. 18.13: Apical fourchamber view showing biventricular endo
myocardial fibrosis with thrombotic cap involving right ventricle 
(RV; arrows) and left ventricle (LV) apex and distorting both ven
tricular cavities with reduction in volumes. The right atrium (RA) is 
more enlarged. There is pericardial effusion (PE). (LA: Left atrium)
Source: Adapted from Jagdish Mohan. A Practical Approach to 
Clinical Echocardiography. New Delhi: Jaypee Brothers Medical 
Publishers; 2014, p. 408, Figure 21.36.

Fig. 18.14: Predominant right ventricle (RV) involvement in endo
myo cardial fibrosis (EMF) with apical tethering due to fibrosis, 
marked right atrial (RA) enlargement and pericardial effusion (PE). 
Note boxglove shape of the right ventricle (RV). 
Source: Adapted from Jagdish Mohan. A Practical Approach to 
Clinical Echocardiography. New Delhi: Jaypee Brothers Medical 
Publishers; 2014, p. 408, Figure 21.39.
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 Acute substernal chest pain, with ECG findings of 
ST-segment elevation and/or T-wave inversion, and  
biomarker profiles are often similar to those of an acute 
coronary syndrome.

 ■ In subjects with acute chest pain precipitated by a cri-
sis and with ECG showing non-ST elevation myocar-
dial infarction (NSTEMI) as the probable diagnosis 
there is time for an echocardiogram that is most often 
diagnostic of Takotsubo stress cardiomyopathy. An 
echocardiographic assessment may prevent unneces-
sary angiograms.

 Templin et al. (2016) reported on 1,750 patients with 
TTC, 89.8% were women (mean age, 66.8 years). Emotional 
triggers versus physical triggers (27.7% vs 36.0%), 28.5% of 
patients had no evident trigger. Compared with an acute 
coronary syndrome, rates of neurologic or psychiatric dis-
orders were higher (55.8% vs 25.7%) and the mean left ven-
tricular ejection fraction was markedly lower (40.7 ± 11.2% 
vs 51.5 ± 12.3%) (p < 0.001 for both comparisons).

 ■ The condition developed in 32.5% of patients in a study 
while they were taking a beta-blocker; of 57 patients 
with recurrent (TTC), 29 were taking beta-blockers 
at the time of the second event. These data suggest 
that beta-blockers are not effective in preventing TTC 
(Templin et al. 2016). But experts fail to recognize the 
beta-blockers are not all alike (Khan 2005). Which 
beta-blocker was used?

   I must emphasize that perhaps a 50% success to 
ameliorate a dangerous disorder should be acceptable 
until further RCTs are done with an appropriate beta-
blocker: propranolol or timolol.

Figs. 18.15A and B: Transient myocardial stunning: Stressrelated Takotsubo: transient left apical ballooning. Apical fourchamber 
views in this 62yearold female who presented with chest pains show kinetic apical segments, markedly hypokinetic mid ventricu
lar segments, with preserved basal segments—a pattern not consistent with coronary artery anatomy. Workup for acute myocardial  
infarct—enzymes, electrocardiogram and cardiac catheterization—was nondiagnostic. Followup echocardiogram 6 weeks later showed 
normal cardiac function.
Source: Adapted from Solomon SD, Bulwer BE (Eds). Essential Echocardiography. Humana Press: Springer; 2007. p. 187. Figure 35. 
With kind permission of Springer Science+Business Media (Movie clip 9.35). 

Fig. 18.16: Takotsubo stress cardiomyopathy simulating nonQ 
wave infarction. ECG from a 37 year old female with acute chest 
pain during coitus. Marked downsloping ST segment depression 
V4V6, no associated Q waves. Coronary angiograms normal

A B
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 In addition more than 33% of subjects have a life-
threatening underling disease trigger. 

 ■ It is crucial to uncover which beta-blocker was used 
and what were the triggers in these patient failures 

 ■ β2 blockade is needed because the stressful event 
is sufficiently powerful to cause a fatal or nonfatal  
cardiac event 

 ■ During a fight-or-flight response, intense catecho-
lamine drive causes peripheral arterial vasodilation to 
prepare muscles for the run. But this can worsen hypo-
tension in a subject with severe LV dysfunction. The 
heart under severe catechol stimulation may buckle 
up, showing poor contractility, thus a fall in BP. The 
combined severe LV dysfunction in face of hypoten-
sion causes a cardiogenic shock syndrome. Syncope 
or death occurs. Echocardiography shows features of 
stress cardiomyopathy: demonstrating a left ventricle 
with ballooning of the apex or midventricle. Stress 
cardiomyopathy can culminate in heart failure cardio-
genic shock and death only a noncardioselective lipo-
philic beta-blocker (propranolol, timolol can hope-
fully prevent a disaster).

   Commencement of a beta-blocker is not advisable 
for patients presenting with acute heart failure because 
the pathophysiology cannot be arrested by beta-
blocker therapy at this late stage. These agents can be 
administered in the usual manner when decompensa-
tion and congestion have been abated. 

   “Propranolol or timolol” are the drugs that should 
be tried in RCTs. Cardioselective agents (metoprolol, 
bisoprolol) would produce variable effects. Carvedilol 
has alpha activity that may cause harmful vasodilation 
in moments of severe stress, that occurs during the 
fight-or-flight reaction and is not advisable until tested 
in RCTs.

 ■ Catecholamine-like vasoactive agents including dobu-
tamine may precipitate events in susceptible individu-
als. This lends credibility to my hypothesis that β1, β2 
blockers are preferred to manage these patients on dis-
charge from hospital.

ARRHYTHMOGENIC RIGHT 
VENTRICULAR DYSPLASIA 

 ■ Inherited in an autosomal-dominant pattern. Sudden 
death is caused by ventricular tachycardia and ventri-
cular fibrillation. Atrophy with thinning of the myocar-
dial wall leads to aneurysms. Cardiac magnetic reso-

nance (CMR) of the right heart structures is usually 
necessary to confirm an early diagnosis (Fig. 18.17).

AMYLOID
Amyloid infiltration of the myocardium results in a very 
slow, progressive, RCM causing. 
 Shortness of breath, edema, elevated JVP but absent 
orthopnea in keeping with right heart failure.

ECG Findings
 ■ More than 60% show low voltage in limb leads or less 

than 1 mV in chest leads. Poor R-wave progression in 
the precordial leads, i.e. pseudo-infarct pattern.

 ■ Left anterior, hemiblock, fascicular block or intraven-
tricular conduction delay.

Echocardiography 
Figures 18.18A to C show features of amyloid heart disease.
 Nonspecific granular sparkling. Small pericardial effu-
sion supporting the diagnosis. Evidence of LV wall thick-
ening, biatrial enlargement, and increased echogenicity 
is seen (Figs. 18.18A to C). Voltages on ECG are markedly 
reduced.

Fig. 18.17: Arrhythmogenic right ventricular dysplasia. Two 
dimensional transthoracic echocardiography. Apical fourchamber 
view shows diminished right ventricular (RV) function as well as 
presence of small, localized berrylike aneurysms involving the 
free wall (arrows) typical of this entity. The left ventricle (LV) func
tion is normal.
(LA: Left atrium; MV: Mitral valve; RA: Right atrium).
Source: Adapted from Nanda NC. Comprehensive Textbook of 
Echocardiography. New Delhi: Jaypee Brothers Medical Publish
ers; 2014, p. 1396, Figure 66.29.
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Sarcoidosis
Approximately 5% of patients with systemic sarcoidosis 
develop cardiac involvement. Fibrotic changes of the myo-
cardium results in a DCM. Global hypokenesis occurs with 
conduction system defects. 
 Echocardiography: Figure 18.19 shows fibrotic involve-
ment of the septum and patchy areas of the myocardium. 

CHAGAS DISEASE
The protozoan Trypanosoma cruzi causes the Chagas 
disease, which affects more than 30 million individuals 
and is responsible for more than 50,000 deaths annu-
ally. The only available drugs are the triazole derivatives, 
nifurtimox and benznidazole. Naturally resistant Trypa-
nosoma cruzi strains pose further problems with available 
drug treatment. The bug becomes infected by feeding on 

infected animals such as the armadillo, opossum, raccoon 
and skunks. Domestic dogs and cats also provide an exten-
sive reduviid reservoir for infecting entire families. The bit-
ing bug unfortunately dwells in the roofs and walls of mud 
and straw houses.
 The disease is transmitted to humans through the feces 
of infected blood sucking insects in endemic areas.

 ■ During the night, the bug drops onto the sleeping indi-
vidual and inflicts bites around the eyes. Infection is 
transferred when the trypanosomes in the animals 
excrement enters the wounded skin or penetrates the 
conjunctiva. The protozoa multiply and then migrate 
through most organs of the body including the myo-
cardium, pericardium, liver, spleen and brain. Chagas 
disease can be transmitted from mother to child and 
through blood transfusions and rarely by consumption 
of contaminated drink or food. Unfortunately, screen-

Figs. 18.18A to C: (A) An 85yearold gentleman with systemic 
amyloidosis. A twodimensional (2D) apical fourchamber view 
demonstrating a starrysky speckled appearance and thickening of 
the left ventricular (LV) myocardium; (B) A pulsed wave Doppler 
echocardiography of the mitral valve (MV) demonstrating a trans
mitral Evelocity (arrow): Avelocity (curved arrow) ratio >2:1 and a 
short deceleration time, consistent with restrictive physiology; (C) A 
tissueDoppler imaging (TDI) echocardiography of the lateral mitral 
annulus demonstrating a decreased E’velocity (asterisk), consist
ent with abnormal diastolic function.
(LA: Left atrium; LV: Left ventricle; RA: Right atrium; RV: Right ven
tricle).
Source: Adapted from Nanda NC. Comprehensive Textbook of 
Echocardiography. New Delhi: Jaypee Brothers Medical Publish
ers; 2014, p. 1873, Figures 77.7A to C.
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ing of blood is financially not possible in the affected 
countries. 

 ■ The simple accomplishment of screening blood, build-
ing better homes, and screening cats and dogs would 
prevent the majority of infections.

 These agents are not effective in the chronic phase, 
and have serious side effects, including neurotoxicity. 
DCM features with global hypokenesis occur with con-
duction system defects and rarely complete heart block 
supervenes. The bite of the bug around the eyes allows the 
trypanosomes to gain entry through the conjunctiva. This 
often results in one-sided swelling around the eye (peri-
orbital edema) and swelling of the eyelid (Romana sign). 
If the entry is through the skin, a lesion called a chagoma 
appears.

 ■ The initial lesion may go unrecognized, as it may mimic 
other childhood infections causing fever and swollen 
lymph nodes. But virtually, no symptoms may appear 
until after more than 15–20 years when symptoms of 
chronic disease emerge. In about 10% of infected indi-
viduals, acute symptoms such as muscle aches and 
pains, fever, sweating, and enlargement of the liver 
and spleen occur. If the parasitic infection involves the 
cardiac muscle, an acute myocarditis and heart failure 

may supervene causing death. Lesions may spread to 
involve the endocardium and stimulate the flowing 
blood to form a clot that may embolize. The pericar-
dium may be involved causing pericardial effusions. 
Young children become more seriously ill than young 
adults, and in more than 10% the acute disease is fatal. 
Many patients recover, however, and symptoms disap-
pear over 1–2 years.

 More than 40% of infected patients after a relatively 
symptom-free interval of several years reveal signs and 
symptoms of chronic Chagas disease.

Latent and Chronic Phase
Some 20 years later, about 20–30% of those infected go on 
to develop the chronic form of the disease most commonly 
affecting the heart (Pinto Dias 1995; Maguire et al. 1987). 
Cardiac involvement in the chronic phase occurs in more 
than 40% of infections manifested as cardiomyopathy, 
heart failure and arrhythmias.
 Approximately 70–80% of infected individuals remain 
in the indeterminate form throughout their lives, whereas 
as many as 20–30% of those who initially have the inde-
terminate form progress over a period of years to decades 
to a clinically evident disease, most commonly affecting 
the heart. The heart muscle is uniformly destroyed and 
replaced by fibrous tissue. The weakened heart muscle is 
stretched, the LV chamber dilates, the pumping function 
is severely deranged, and heart failure supervenes. Heart 
failure produces changes in the heart, circulation, and 
veins that can be detected on examination by the physi-
cian.
 A chest X-ray confirms dilation of the heart and pres-
ence of fluid in the sponge work of the lungs and fluid 
within the pleural space (pleural effusions). 
 Echocardiograms should be performed almost rou-
tinely, especially if HF is present, to exclude pericardial 
effusion and tamponade (Acquatella 2007).
 Antiparasitic agents such as benzimidazole, itracona-
zole and nifurtimox reduce parasitemia in the acute phase, 
but they do not have any effect on the autoimmune-medi-
ated chronic form of the disease. These agents are given for 
30–60 days and often cause neurotoxicity.

 ■ Trypanocidal therapy with benznidazole in patients 
with established Chagas cardiomyopathy significantly 
reduced serum parasite detection but did not signifi-
cantly reduce cardiac clinical deterioration through 5 
years of follow-up (Morillo et al. 2015).

Fig. 18.19: Sarcoidosis. Twodimensional transthoracic echocar
diography. Parasternal longaxis view. Both the ventricular septum 
(VS) and posterior wall (PW) are echogenic, consistent with myo
cardial fibrosis.
(Ao: Aorta; LA: Left atrium; MV: Mitral valve; RV: Right ventricle).
Source: Adapted from Nanda NC. Comprehensive Textbook of 
Echocardiography. New Delhi: Jaypee Brothers Medical Publish
ers; 2014, p. 1405, Figure 66.37.



Practical Cardiology294

REFERENCES
Acquatella H. Echocardiography in Chagas heart disease. 

Circulation. 2007;115(9):1124-31.
Agu CC, Bakhit-A Basunia Md, et al. Takotsubo cardiomy-

opathy precipitated by delirium tremens. J Community  
hos Intern Med Perspect. 2015;5(6): 29704.

Akashi YJ, Goldstein DS, Barbaro G, et al. Takotsubo cardio-
myopathy: a new form of acute, reversible heart failure. 
Circulation. 2008;118:2754-62.

Axelsson et al. INHERIT trial (INHibition of the renin angio-
tensin system in HCM and the Effect on hypertrophy—a 
Randomised Intervention Trial). Heart jnl. 2015-309018.
Published online first: January 6, 2016.

Baggish AL, Smith RN, Palacios I, et al. Pathological effects of 
alcohol septal ablation for hypertrophic obstructive cardio-
myopathy. Heart. 2006;92:1773-8.

Ball W, Ivanov J, Rakowski H, et al. Long-term survival in 
patients with resting obstructive hypertrophic cardiomyop-
athy comparison of conservative versus invasive treatment. 
J Am Coll Cardiol. 2011;58:2313–21.

Cleland JG, Daubert JC, Erdmann E, et al. The effect of cardiac 
resynchronization on morbidity and mortality in heart fail-
ure. N Engl J Med. 2005;352(15):1539-49.

Corrado D, Basso C, Schiavon M, et al. Pre-participation screen-
ing of young competitive athletes for prevention of sudden 
cardiac death. J Am Coll Cardiol. 2008;52:1981-9.

Fifer MA, Vlahakes GJ. Management of symptoms in hypertro-
phic cardiomyopathy. Circulation. 2008;117(3):429-39.

Gentry MB, Dias JK, Luis A, et al. African-American women 
have a higher risk for developing peripartum cardiomyop-
athy. J Am Coll Cardiol. 2010;55:654-9.

Khan M Gabriel. Acute myocardial infarction. In: Heart Disease 
Diagnosis and Therapy: A Practical Approach. New Jersey: 
Humana Press; 2005. pp. 55-6.

Khan M Gabriel. Cardiomyopathy in Khan Encyclopedia of Heart 
Diseases, 2nd edition. New York: Springer; 2011.

Liebregts M, Vriesendorp PA, Mahmoodi BK, et al. A systematic 
review and meta-analysis of long-term outcomes after sep-
tal reduction therapy in patients with hypertrophic cardio-
myopathy. JACC Heart Fail. 2015;3(11):896-905.

Linde C, Curtis AB, Fonarow GC, et al. Cardiac resynchroni-
zation therapy in chronic heart failure with moderately 
reduced left ventricular ejection fraction: Lessons from 
the Multicenter InSync Randomized Clinical Evaluation 
MIRACLE EF study. Int J Cardiol. 2016;202:349-55.

Linde C, Leclercq C, Rex S, et al. Long-term benefits of biven-
tricular pacing in congestive heart failure: results from the 
MUltisite STimulation in cardiomyopathy (MUSTIC) study. 
J Am Coll Cardiol. 2002;40(1):111-8.

Maguire JH, Hoff R, Sherlock I, et al. Cardiac morbid-
ity and mortality due to Chagas’ disease: prospective 

electrocardiographic study of a Brazilian community. 
Circulation. 1987;75(6):1140-5.

Maguire JH. Treatment of Chagas’ disease—time is running out. 
N Engl J Med. 2015;373(14):1369-70.

Maron BJ, Gardin JM, Flack JM, et al. Prevalence of hypertro-
phic cardiomyopathy in a general population of young 
adults: echocardiographic analysis of 4111 subjects in the  
CAR-DIA Study. Circulation. 1995;92:785.

Maron BJ. Contemporary insights and strategies for risk stratifi-
cation and prevention of sudden death in hypertrophic 
cardiomyopathy. Circulation. 2010;121(3):445-56.

Maron BJ. Sudden death in young athletes. N Engl J Med. 
2003;349:1064-75. 

Meine M, Cramer MJM, van der Wall EE. Current aspects of car-
diac resynchronisation therapy. Neth Heart J. 2016;24:1-3. 

Mestroni K, Sweet ME, Taylor MRG. New insight into potential 
disease mechanisms. J Am Coll Cardiol. 2016;67(5):526-8. 

Morillo CA, Marin-Neto JA, Avezum A, et al. Randomized trial of 
benznidazole for chronic Chagas’ cardiomyopathy. N Engl J 
Med. 2015;373(14):1295-306.

Nishimura RA, Schaff HV. Evolving treatment for patients with 
hypertrophic obstructive cardiomyopathy. J Am Coll 
Cardiol. 2015;66(15):1697-9.

Pinto Dias JC. Natural history of Chagas’ disease. Arq Bras 
Cardiol. 1995;65(4):359-66.

Poole JE, Singh JP, Birgersdotter-Green U. QRS duration or QRS 
morphology: what really matters in cardiac resynchroniza-
tion therapy. Am Coll Cardiol. 2016;67(9):1104-17.

Rassi A Jr, Dias JC, Marin-Neto JA, et al. Challenges and oppor-
tunities for primary, secondary, and tertiary prevention of 
Chagas’ disease. Heart. 2009;95(7):524-34.

Sabbagh AE, Newman DB, Miranda WR, et al. Hypertrophic 
obstructive cardiomyopathy and uncontrolled hyper-
tension. A therapeutic challenge. J Am Coll Cardiol Intv. 
2016;9(1):e3-e4. 

Schoof S, Bertram H, Hohmann D, et al. Takotsubo cardiomy-
opathy in a 2-year-old girl: 3-dimensional visualization of 
reversible left ventricular dysfunction. J Am Coll Cardiol. 
2010;55(3):e5.

Sherrid MV, Balaram S, Kim B, et al. The mitral valve in obstruc-
tive hypertrophic cardiomyopathy: J Am Coll Cardiol. 
2016;67(15):1846.

Sherrid MV, Barac I, McKenna WJ, et al. Multicenter study of the 
efficacy and safety of disopyramide in obstructive hyper-
trophic cardiomyopathy. J Am Coll Cardiol. 2005;45:1251-8.

Sherrid MV, Shetty A, Winson G, et al. Treatment of obstruc-
tive hypertrophic cardiomyopathy symptoms and gradient 
resistant to first-line therapy with beta-blockade or ver-
apamil. Circ Heart Fail. 2013. doi: 10.1161/CIRCHEART 
FAILURE.112.000122.



Cardiomyopathies 295

Sipahi I, Debanne SM, Rowland DY. Angiotensin-receptor 
blockade and risk of cancer: meta-analysis of randomised 
controlled trials. Lancet Oncol. 2010;11(9):819-20.

Sliwa K, Damasceno A, Mayosi B. Epidemiology and etiology 
of cardiomyopathy in Africa. Circulation. 2005;112(23): 
3577-83. 

Sliwa K, Fett J, Elkayam U. Peripartum cardiomyopathy. Lancet. 
2006;368(9536):687-93. 

Sliwa K, Skudicky D, Candy G. The addition of pentoxifylline to 
conventional therapy improves outcome in patients with  
peripartum cardiomyopathy. Eur J Heart Fail. 2002;4(3):305-9. 

Templin C, Napp LC, Ghadri JR. Takotsubo syndrome: underdi-
agnosed, underestimated, but understood? J Am Coll 
Cardiol. 2016;67(16):1937-40.

The Narwegian Multicenter Study Group. Timolol-induced 
reduction in mortality and reinfarction in patients surviving 
acute myocardial infarction. N Engl J Med. 1981;304(14): 
801-7.

Veselka J, Jensen MK, Liebregts M, et al. Long-term clinical out-
come after alcohol septal ablation for obstructive hypertro-
phic cardiomyopathy: results from the Euro-ASA registry. 
Eur Heart J. 2016;37(19):1517-23.

Webb-Peploe MM. Beta-blockade in the treatment of hypertro-
phic cardiomyopathy Postgraduate Medical Journal. 1985; 
61:1120.

Zeineh NS, Eles G. Apical hypertrophic cardiomyopathy. N Engl 
J Med. 2015;373:e22.

SUGGESTED READING
Anavekar NS, Charron P, Veselka J. Hypertrophic obstructive 

cardiomyopathy. Lancet. 2017;389(10075):1253-67.
Nishimura RA, Schaff HV. Evolving treatment for patients 

with hypertrophic obstructive cardiomyopathy. J Am Coll 
Cardiol. 2015;66(15):1697.



Practical Cardiology296

Which Beta-blockers 
are Recommended

19
CHAPTER

INTRODUCTION
The major beta-blocker discovery by Sir James Black, 
brought forth the novel beta-blocking agent propranolol 
used successfully for hypertension (Pritchard and Gil-
lam 1964). Since, then more than 12 beta-blocking agents 
have been used worldwide in more than a billion patients. 
Soundly run large randomized clinical trials (RCTs) showed 
that propranolol and timolol significantly reduce total  
mortality and sudden deaths in patients followed for 2 
years following myocardial infarction (MI). For the past 
decade beta-blockers have been demoted for the use in 
hypertensive patients and use for post-MI has decreased. 
What has gone wrong? Perhaps sufficient attention has  
not been paid by the medical profession and research-
ers regarding the subtle differences that exist amongst 
the available beta-blocking drugs (Khan 2005). World-
wide one of the most prescribed beta-blockers, ateno-
lol administered in most large hypertensive trials was 
shown to be a weakly effective antihypertensive drug. 
An unsound meta-analysis by Lindholm et al. (2005) 
based on evidence from mainly atenolol treated hyper-
tensive concluded that beta-blockers should not remain 
the first choice in the treatment of primary hyperten-
sion. A popular journal printed this ridiculous conclu-
sion on its front cover. Newer, more expensive drugs (cal-
cium antagonists, and ACE inhibitors) were deemed 
superior to beta-blockers when the culprit was indeed 
the poorly effective beta-blocker, atenolol, a favorite of  
trialists.

CLINICAL TRIALS
Lindholm et al. Study
The trials selected by Lindholm et al. were often blunderbuss 
studies.
 In fourteen studies analyzed by Lindholm et al., 
atenolol was the beta-blocker used and in four studies  

atenolol, metoprolol and pindolol were used. Cruick-
shank (2006) emphasized that by lumping together all  
randomized hypertension trials involving beta-blockers, 
Lars Lindholm and colleagues have arrived at mislead-
ing conclusions. The meta-analysis shows that atenolol is 
not an effective choice for the management of hyperten-
sion. “The study, however, does not indicate that other 
beta-blockers are ineffective in decreasing morbidity and 
mortality associated with hypertension”. Trials selected for 
meta-analysis  by Lindholm et al. (2005).
1. In the international prospective primary prevention 

study in hypertension (IPPSH) trial (1985), oxprenolol 
was used. The drug has intrinsic sympathomimetic 
activity (ISA) activity which renders it non-cardiopro-
tective and the agent has become obsolete. 

2. Berglund trial (1986), Yurenev et al. (1992), and atenolol 
after stroke and transient ischemic attack (TEST) trial, 
studied only 105, 304 and 720 patients, respectively.

3. The Swedish Trial in Old Patients with hypertension-2 
(STOP-2) 1999: In 6,614 elderly hypertensive patients. 
A diuretic or beta-blocker (atenolol, metoprolol, and 
pindolol, an ISA beta-blocker) or both were compared 
with newer drugs (Hansson et al. 1999). Angiotensin-
converting enzyme (ACE) inhibitors or calcium anta-
gonists (enalapril, lisinopril, felodipine, or isradipine) 
findings at 6-year-old and newer antihypertensive 
drugs were similar in prevention of cardiovascular 
mortality or events. At the final visit, only 61–66% of 
patients were still taking the agents allocated to them 
and this was not a comparative beta-blocker trial.

4. In the Medical Research Council’s (MRC) trial (Peart 
et al. 1985) of mild hypertension propranolol was the 
beta-blocker used compared with diuretic therapy. 
Propranolol, but not diuretics, reduced the risk of MI 
by 13% which increased to a significant 18% when 
silent infarctions were included. In a subsequent 
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subanalysis compared with placebo, the reduction in 
nonsmokers was 33%. Nonsmokers given propranolol 
showed a trend toward reduction in coronary events 
and significant decrease in strokes.

  Cigarette smoke increases the rate of metabolic 
degra dation of propranolol and some hepatic metab-
olized beta-blockers and a decrease in plasma pro-
pranolol levels has been shown in smokers. Timolol, 
a partially metabolized drug has been shown to be 
effective in reducing deaths, in smokers and nonsmok-
ers (1981). The diuretic bendrofluazide (now bendro-
flumethiazide) showed a reduction in strokes but as 
expected not in coronary events.

5. In the MRC (elderly, Peart et al. 1992): The beta-blocker 
used was the favorite atenolol. The MRC investigators 
confirmed that 25% of patients were lost to follow-up 
and more than half of the patients were not taking 
assigned therapy by the end of the study. There was no 
difference in total mortality between beta-blocker and 
diuretic therapy, but surprisingly diuretics reduced 
coronary heart disease (CHD) events, beta-blockers 
did not.
 ■ This obscure and spurious finding with atenolol led 

to a statement derived from a meta-analysis that 
included this poorly run MRC study: beta-blockers 
should not be the first-line therapy for elderly hyper-
tensive patients (Messerli et al. 1998).

 ■ Unfortunately, the words of this expert reached 
many physicians worldwide and were included in 
guidelines and in most textbooks.

6. The Controlled Onset Verapamil Investigation of Car-
diovascular End Points (CONVINCE) (Black et al. 
2003): Principal results: 8,241 hypertensive patients 
received 180 mg of controlled-onset extended-release 
(COER) verapamil and 8,361 received either 50 mg 
of atenolol or 12.5 mg of hydrochlorothiazide. Find-
ings at 3 years: There were 364 primary cardiovascular  
disease (CVD)-related events that occurred in the 
COER verapamil group versus 365 in atenolol or 
hydrochlorothiazide group (p = 77). More CVD-related 
events occurred between 6 am and noon in both the 
verapamil (99/277) and atenolol or hydrochlorothi-
azide (88/274) groups. It must be re-emphasized that 
atenolol does not provide a full 24-hour action and 
fails to quell early morning catecholamine surge. It 
is not surprising, that the drug is only partially CVD-
protective.

 ■ Verapamil must not be used to treat hypertension 
because the drug causes heart failure, yet world 
experts tested this drug in a large expensive redun-
dant RCT. Patients must be protected. 

Anglo-Scandinavian Cardiac Outcomes 
(ASCOT) Trial (2005)

 ■ The guidelines of the British Hypertension Society indi-
cated that the ongoing ASCOT trial will provide much-
needed randomized controlled evidence as to whether 
diabetic concerns are valid with beta-blocker use. 

 The primary endpoint of fatal and nonfatal MI was 
nonsignificantly lowered by 10% in patients allocated the 
amlodipine-based regimen compared with those allo-
cated the atenolol diuretic-based regimen (p = 0.12); yet 
the investigators incorrectly state that amlodipine or ACE 
inhibitor regimen is preferred (ASCOT 2005). In ASCOT–
Blood pressure lowering arm (BLA) 2005, it is interesting 
to note the blunderbuss therapy at follow-up 5 years, in 
19,257 patients, levels for the β1 blocker regimen assigned 
at the fifth year of follow-up: amlodipine 39.3%, perin-
dopril 47.2%, amlodipine plus perindopril 49%, atenolol 
42.5%, diuretic 45%, diuretic plus atenolol 48.4%. The trial 
compared amlodipine plus perindopril with bendroflu-
methiazide yet commented on poor result for the beta-
blocker, unfortunately atenolol. At the final visit glucose 
was significantly lower [0.20 mmol/L (2.08); p < 0.0001] 
in the amlodipine or perindopril arm versus the ateno-
lol or diuretic-based regimen. There were no significant 
differences in either low-density lipoprotein-cholesterol  
(LDL-C) or total-cholesterol concentrations. Baseline 
glucose concentration for amlodipine and the atenolol-
based regimen was 6.24, 6.44, and 6.39 mmol/L versus 6.59 
mmol/L at follow-up 5 years.

 ■ No genuine diabetes noted in this large study. Yet edito-
rials or experts have not corrected this error. It is known, 
however that the experts prefer the newer drugs used in 
the trial calcium antagonist and ACE inhibitors and 
thus demote beta-blockers and diuretics.

 Good effect for atenolol in the international study 
of infarct survival (ISIS-1) (1986), 80% of patients were 
treated with atenolol for up to 8 hours and less than 30% 
within 4 hours; this approach resulted in 15% decrease 
in mortality and significant prevention of myocardial 
rupture. Atenolol is a beta-blocker and some cardiopro-
tection must occur.
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Reasons for the Poor Effectiveness 
of Atenolol
Atenolol is a water soluble hydrophilic, non-lipophilic 
beta-blocker which therefore attains low-brain concen-
tration. Lipid-soluble beta-blocking agents with high-
brain concentration (propranolol, timolol, bisoprolol, 
metoprolol) block sympathetic discharge in the hypo-
thalamus better than water-soluble agents. I emphasize 
that this action relates to cardioprotection (Pitt 1992).
 Äbald et al. (1991) in a rabbit model, showed that 
although metoprolol (lipophilic) and atenolol (hydro-
philic) caused equal beta-blockade, only metoprolol 
caused a reduction in cardiac deaths. Metoprolol, but not 
atenolol, caused a significant increase in RR interval varia-
tion, which indicates an increase in sympathetic tone.

 ■ Importantly, only the lipophilic beta-blockers—pro-
pranolol and timolol have been shown in post-MI, 
RCTs to significantly prevent fatal and nonfatal MI 
and sudden cardiac death (Table 19.1). Metoprolol has 
shown good effects, but RCTs were small or follow-up 
only 3 months. A claim was made for metoprolol by  
Olsson et al. (1985) but there were only 154 and 147  
subjects in each group, with only 29 and 20 total 
deaths, the sudden deaths was a small fraction of this; 
another misleading report (Table 19.1). Metoprolol 
is without doubt an effective drug but exaggerated 
claims abound. The drug has been shown to decrease  
ventricular fibrillation (VF) and arrhythmias in post-MI 
patients. 

 ■ Atenolol has not been shown to significantly decrease 
the incidence of sudden cardiac deaths or total deaths 
in post-MI patients followed for more than 1 year.

 Atenolol does not provide a full 24-hour action (Neu-
tel et al. 1993) and fails to quell early morning catechola-
mine surge. Bisoprolol was shown to quell early morning  
catecholamine surge, and better control early morning 
and exercise induced excessive rise in blood pressure than 
atenolol (Kokkinos et al. 2006).

 ■ Atenolol’s poor brain concentration and 18–22 hours 
duration of action accounts for the drug’s weak CVD 
risk protection.

 Atenolol is β1 selective, nadolol and sotalol are β1, 
β2 nonselective; all three are lipid insoluble, and achieve 
poor brain concentration. None of the three has shown 
significant reduction in sudden death.

 ■ The lack of β2 activity and non-lipophilic may be the 
crucial keys that negate significant cardioprotection.

 ■ Atenolol administered intravenous (IV) mainly for a 
few days during acute MI showed some cardioprotec-
tion in ISIS 3.

Table 19.1: Total deaths and sudden deaths in beta-blocker 
RCTs of post-MI patients, and heart failure studies.

Control Drug % Decrease

Total sudden death*

Propranolol 78 60 23

5 am–11 am 31 11 64

Total deaths 188/1460 138/1456 26

Timolol**

Total sudden death 95 47 50

Instant, within seconds 38 11 71

Total deaths 117/718 67/670 42

Metoprolol#

Total sudden death 21 9 57##

Total deaths 31/147 25/154 19##

MERIT-HF^

Total sudden death 132 79 40.2

Total deaths 217/2001 145/1990 33.2

Bisoprolol***

Total sudden death 83 48 42.2

Total deaths 228/1320 156/1327 31.6

Only four beta-blockers of the 12 available definitely prevent 
sudden cardiac death; they all gain high brain concentration.  
Atenolol and sotalol gain poor brain concentration and are inef-
fective; atenolol use should be curtailed except for hypertension 
in regnancy.

*BHAT study, AM sudden death (Peters et al. 1989) follow-up 25 
months, propranolol 120–240 mg daily.
**Timolol Norwegian MI study; mean duration 17 months follow-up: 
10 mg twice daily. A superior drug rarely used; beta-blockers are 
not all alike.
#Metoprolol: A very small study of only ~150 patients in each 
group followed for 3 years.
##“This reduction in cardiac mortality did not reach statistical 
significance, as was to be expected from our sample size” (Olsson 
et al. 1985).
^In MERIT-HF there were fewer sudden deaths in the metoprolol 
CR/XL group than in the placebo group (79 vs 132, 0.59 [0.45–
0.78]; p = 0.0002) and deaths from worsening heart failure (30 vs 
58, 0.51 [0.33–0.79]; p = 0.0023).
***Bisoprolol in CIBIS; significant decrease in deaths and sudden 
death.
 Carvedilol did not prevent sudden death in two large RCTs; 
total mortality in RCT was not significantly reduced in post MI  
patients. Alpha 1 activity is not cardioprotective and can be 
harmful.
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 ■ Pyeritz (2007) indicated that beta-blocker therapy cur-
rently remains the “standard of care,” for patients with 
Marfan syndrome. “Atenolol is currently the drug of 
choice because it has fewer central nervous system 
and other side effects” (Pyeritz 2007).

 ■ The drug has somewhat less adverse effects than pro-
pranolol and timolol because it has more placebo-like 
activity. Worldwide this fact is still unknown and the 
drug is avidly prescribed by experts and family physi-
cians.

 ■ Use in clinical trials (Khan 2003) and general use 
should be curtailed (Khan 2005). “The older beta 
blocking drugs including atenolol, pindolol, and 
nadolol should become obsolete’’ (Khan 2007).

 ■ The drug causes fewer side-effects than propranolol or 
timolol, because it fails to gain adequate brain concen-
tration; a pharmacotherapeutic property that is crucial 
for prevention of fatal and nonfatal MI. Atenolol is not  
surprisingly a less active drug, although it is much bet-
ter than placebo. Unfortunately, atenolol was chosen 
by experts Lacro et al. (2007) for an important National 
institute of health (NIH) study of patients with Marfan 
syndrome.

Atenolol in Pregnancy
Atenolol has a role for hypertension in pregnancy; it has 
been well-tried with pregnancy. In these young patients  
(age <42) we are not searching for a decrease in MI or 
sudden death. Lowering of BP with a drug that causes less 
side effects than other beta-blockers is apropriate. We are 
not expecting reduction in maternal deaths. Also the drug 
poor brain concentration causes less adverse effects in 
mother and fetus compared with lipophylic beta-blockers.

METOPROLOL: A SHORT 
3-MONTH STUDY
Rydén et al. (1983) randomized 1,395 patients to double-
blind treatment with metoprolol (698 patients) or placebo 
(697 patients). Metoprolol was given in a dose of 15 mg IV 
(5 mg at a time, with 2-minute intervals between injec-
tions); beginning 15 minutes after the last injection, the 
drug was given at a dosage of 50 mg orally every 6 hours for 
2 days and then 100 mg twice a day for 3 months.
 Number of deaths was small. There were 62 deaths in 
the placebo group (8.9%) and 40 deaths in the metoprolol 
group (5.7%), a reduction of 36% (p < 0.03). Six patients in 

the metoprolol and 17 in the placebo group had VF. This 
difference was statistically significant (p < 0.05). The six 
patients receiving metoprolol had one episode of VF each, 
whereas the 17 patients receiving placebo had a total of 
41 episodes of VF (p < 0.01). During the hospital phase 
of the study, the incidence of VF was 2.4% in the patients 
receiving placebo and 0.9% in those receiving metoprolol  
(p = 0.033).
 The Stockholm metoprolol study published in 1985 
was a small double-blind study which randomized only 
301 patients post-MI to oral metoprolol versus placebo and 
followed them up to 36 months. Patients with prior need 
for beta-blocker or patients in heart failure, atrial fibrilla-
tion, or with obstructive pulmonary disease or hypoten-
sion were excluded. All patients were followed up for 36 
months. There were 31 (29 cardiac) and 25 (20 cardiac) 
deaths in the placebo and metoprolol groups, respectively. 
“The reduction in cardiac mortality did not reach statisti-
cal significance, as was to be expected from our sample 
size”. There were 21 sudden deaths in the placebo group 
compared with 9 in the metoprolol group (p < 0.05).

CARVEDILOL
A β1 β2 lipophilic drug with small α1 activity which is non 
cardioprotective and may be deleterious in some pateints 
the a1 activity is overated by experts.

Clinical Trials
1. In carvedilol post-infarct survival controlled evalua-

tion (CAPRICORN) trial (Dargie 2001), a large RCT of 
post-MI patients compensated heart failure with ejec-
tion fraction (EF) less than 40% total mortality was not 
reduced, neither was sudden death. One thousand five 
hundred fifty-nine patients with a proven acute MI and 
EF of less than or equal to 40% were randomly assigned 
6.25 mg carvedilol (n = 975) or placebo (n = 984). Study 
medication was progressively increased to a maximum 
of 25 mg twice daily during the next 4–6 weeks, and 
patients were followed up until the requisite number 
of primary endpoints had occurred. The primary end-
point was all-cause mortality or hospital admission for 
cardiovascular problems:

 ■ There was no difference between the carvedilol and 
placebo groups in the number of patients with the 
primary endpoint 340 (35%) versus 367 (37%).
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 ■ All-cause mortality alone was not reduced [116 
(12%) vs 151 (15%), p=0.03]; a nonsignificant  
disappointing result. Thus, carvedilol should not 
replace propranolol, timolol or in chronic obstruc-
tive pulmonary disease (COPD) patients, bisoprolol 
or metoprolol.

2. Carvedilol prospective randomized cumulative survival 
(COPERNICUS) trial (Packer et al. 2002): Assigned 
2,289 patients with symptoms of severe heart failure at 
rest or on minimal exertion and with a very low EF less 
than 25% (but not volume-overloaded) to double-blind 
treatment with either placebo (n = 1,133) or carvedilol  
(n = 1,156) for an average of 10.4 months. These were 
sick patients class III–IV. Fewer patients in the carve-
dilol group than in the placebo group were hospital-
ized for heart failure (17.1% vs 23.7%, p = 0.0001), by 
intention-to-treat, there were 395 patients who died or 
who were hospitalized for a cardiovascular reason in 
the placebo group and 314 such patients in the carve-
dilol group; a 20% reduction in a combined endpoint.

 ■ There was no reduction, in a hidden, not given total 
mortality. Digoxin did as well in sick class III–IV 
subjects but is thrown out by the experts.

3. The glycemic effects in diabetes mellitus: carvedilol-
metoprolol comparison in hypertensives (GEMINI) trial 
(Bakris et al. 2004) compared the effects of 2 different 
beta-blockers on glycemic control as well as other CVD 
risk factors in a cohort with glycemic control similar to 
the UK prospective diabetes study (UKPDS). Carve-
dilol significantly stabilized HbA1c, improved insulin 

resistance, and slowed development of microalbu-
minuria in the presence of renin-angiotensin system 
(RAS) blockade with ACE inhibitor or angiotensin II 
receptor blockers (ARB) compared with metoprolol. 
The mean difference between carvedilol and meto-
prolol with respect to the change in HbA1c from base-
line was 0.12%. Carvedilol treatment had no effect on 
HbA1c while metoprolol increased HbA1c to 0.15%; 
clinically, a nonimportant change. This is not a valid 
reason to prescribe carvedilol.

TIMOLOL
Timolol study (1981) randomized 3,647 patients, 945 
administered 10 mg twice daily followed for 17 months 
and 937 placebo.
 Total mortality 98 (10.4%) versus 152 (16.2%) p < 0.001. 
Overall, mortality rate reduction of 36%, a reduction not 
observed with any other cardiac drug.

 Sudden deaths: The number of instant deaths (within 
a few seconds) was 38 and 11 (p < 0.001), a stunning 71% 
reduction in smokers and nonsmokers; no other drug can 
match this (Table 19.1).
 The number of cardiac deaths was 113 in the placebo 
group and 58 in the timolol group (p < 0.001). The number 
of sudden deaths was 95 in the placebo group and 47 in 
the timolol group (p < 0.001); 50.5% (within minutes to 24 
hours).

PROPRANOLOL
Propranolol study (BHAT 1982) randomized 16,400 patients; 
1,916 to propranolol (120–240 mg/day); 1,921 placebo for 
2 years. Total mortality 138 (7.2%) versus 188 (9.8%), a 26% 
reduction (p = 0.005).
 Sudden deaths: 56% reduction between 5 am and 11 am 
(Table 19.1). 

SUDDEN CARDIAC DEATHS
Only timolol, propranolol, lipophilic agents, and β1 β2 
blockers have been shown to significantly reduce, sudden 
cardiac death, total mortality and morbidity in post-MI 
patients followed for 2 years. Timolol in the Norwegian 
post-MI, RCT at the end of 2 years, produced a 35% reduc-
tion in fatal and 28% nonfatal MI, and a remarkable 67% 
reduction in sudden death (p < 0.001) (Lippe et al. 1981) yet 
the drug is rarely used in the USA and Canada. Propranolol 
showed a 56% reduction in sudden deaths between 5 am 
and 11 am (Peter et al. 1989) no other drugs have shown 
significant reductions in sudden death. Most deaths from 
acute MI occur prior to reaching a hospital.
 Recurrent VF is unique among cardiac arrhythmias 
because the management is immediate countershock. 
Antifibrillatory drugs can be useful in the prevention of 
recurrent VF. Beta-blockers have been known to have a 
role in the management of patients with persistently recur-
ring VF (Sloman et al. 1965; Rothfeld et al. 1968). Metopro-
lol decreased the incidence of VF in patients with acute MI 
(Rydén et al. 1983).
 Beta-blockers increase VF threshold and should be 
given by the IV route in patients with recurrent VF or to 
prevent VF.

 ■ A decrease in ejection velocity reduces hydraulic stress 
on the arterial wall that could be crucial at the site of 
atheroma. This mechanism of action may reduce the 
incidence of plaque rupture and may thus protect 
patients from coronary thrombotic occlusion and fatal 
or nonfatal infarction.
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 ■ Beta-blocker causes a mild increase in serum potas-
sium because of blockade of the β2-mediated epineph-
rine activation of the NaK+ ATPase pump, which trans-
ports potassium from extracellular fluid into the cells. 
During severe stress, or exertion serum potassium has 
been observed to decrease 1.0 mEq/L, and this sud-
den deleterious effect can be prevented by blockade 
of β2 receptors. Non-cardioselective beta-blockers are 
superior to selective agents in preventing fluctuations 
of serum potassium concentration during stress (Peart 
et al. 1985) and possibly during the early hours of acute 
MI when most deaths occur.

 In patients with acute MI, the lowest mortality  was 
observed in in those with post-admission serum potas-
sium levels between 3.5 mEq/L to 4.5 mEq/L compared 
with those who had higher or lower potassium levels 
(Goyal et al. 2012).

 ■ A decrease in early morning platelet aggregation and 
other salutary effects induced by a decrease in cate-
cholamine surges may eliminate the early morning 
peak of transient ischemic periods and decrease the 
incidence of early morning mortality. This observation 
has not been documented for any other cardiac medi-
cation, including lifesaving aspirin.

Fight or Flight Reaction
During the hour of coronary occlusion, acute MI, pain and 
fear trigger nature’s protective fight or flight reaction. The 
outpouring of epinephrine causes peripheral arterial dila-
tation, to allow flight. Marked flooding of catecholamine 
causes left ventricular (LV) dysfunction similar to that 
observed in stress cardiomyopathy culminating in cardio-
genic shock, or heart failure or death (Flowchart 19.1).
 The stress syndrome (Takotsubo) precipitated mostly 
in women faced with acute insurmountable stress causes 
symptoms and signs similar to acute MI, but typical echo-
cardiographic findings (Figs. 19.1A and B). 
 Dobutamine, catecholamine infusion, can precipitate 
the stress cardiomyopathy echocardiographic findings.
 Vascular resistance will markedly increase if proprano-
lol is administered when epinephrine is circulating.
 The vasodilator action of epinephrine mediated via 
β2-adrenergic receptors will be blocked, unmasking the 
powerful α-adrenergic receptor mediated vasoconstriction 
that is needed at this early phase to maintain a blood pres-
sure greater than 80 mm Hg and prevent death. Proprano-
lol can curb the marked anxiety caused by sympathetic 
stimulation. Serum potassium can drop suddenly greater 

than 1 mmol/L during severe exertion and during stress. 
Cardioselective drugs that spare b2-receptors may fail to 
maintain constancy of serum potassium in response to 
increase in epinephrine and norepinephrine during acute 
MI (Johansson 1986). Patients with serum potassium 3.5 
mmol/L on admission with acute coronary syndrome have 
a higher mortality (Goyal et al. 2012). Blood tests taken 
more than 2 hours from onset of symptoms may partially 
normalize. Cardioprotective β1 agents are not recom-
mended; carvedilol has α1 activity and is not advisable.

 ■ If used within 5 minutes of symptoms A β1 β2 blocker 
should abort or ameliorate the stress induced acute 
heart failure, shock findings, observed in stress-cardi-
omyopathy and may ameliorate the deleterious effects 
of acute MI at an early stage.

 ■ Sudden cardiac death or fatal MI can be prevented in 
perhaps more than 500,000 people annually by the 
strategy outlined. Ten million worldwide die from a 
heart attack annually; approximately 3 million die 
within 2 hours of onset before reaching help; perhaps 
20% can be saved if we use an effective beta-blocker. A 
sound RCT is required.

 Lives can be saved by using a noncardioselective, lipo-
philic beta-blocker: timolol or propranolol in nonsmokers. 

 ■ Carvedilol, a lipophilic β1 β2 drug has α activity that 
may cause unwanted vasodilation and a fall in blood 
pressure at a critical moment of the fight and flight 
reaction. This drug proved to be only partially effective 
for post-MI patients with LV dysfunction In the CAPRI-
CORN study, and has not been shown to prevent sud-
den death or VF. 

 ■ ACE inhibitors: The investigators for enalapril heart 
failure study stated "we observed no effect on sudden 
cardiac death" (Concenus Study Group).

BETA-BLOCKER CHOICE IS NOW SIMPLE
The evidence outlined indicates:

 ■ A lipophilic noncardioselective β1, β2 agent should be 
chosen: timolol, propranolol (in nonsmokers). Carve-
dilol is advised by some experts for post-MI patients 
with compensated heart failure or LV dysfunction, 
EF less than 40%, but α1 blockade is not helpful for 
patients with this syndrome and is unlikely to signifi-
cantly prevent sudden cardiac deaths, or recurrent 
syncope cardiogenic shock may worsen and carvedilol 
is not recommended by the author (see Figs. 19.1A and 
B). Bisoprolol or metoprolol are advisable for patients  
with COPD and for many individuals without COPD 
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if acute MI risk is low, particularly those with atrial  
fibrillation.

 ■ Annually worldwide of 55 million deaths, approxi-
mately, 16 million are from CVD (Yusuf et al. 2001) with 

approximately 7 million due to an MI and more than 3 
million die suddenly within 1-hour of onset of a heart 
attack. Perhaps 33% of one million, or 0.05 million can 
be saved by using a lipophilic β1, β2 blocking agent. 

Flowchart 19.1: Beta-1 and beta-2 blockers, timolol, propranolol (in nonsmokers) may prevent ventricular fibrillation (VF) and fatal 
myocardial infarction; beta-blockers are not all alike. The hypothesis presented should provoke thought and randomized control trials. 

Effects of early AM catecholamine surge, platelet hyperaggregability or strenuous exertion in subject at risk.

(CAD: Coronary artery disease; BP: Blood pressure; VF: Ventricular fibrillation; MI: Myocardial infarction).
*Death within the hour or less than 2 hours is usually caused by VF/VT, cardiogenic shock.
†Stress cardiomyopathy causes acute LV dysfunction.
Angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) are harmful at this early stage; only later with 
onset of heart failure vasoconstriction occurs and ACE inhibitors are then useful. Takotsubo stress cardiomyopathy (see Fig. 19.1AB) 
causes severe LV dysfunction, shock and death. Catecholamine-like vasoactive agents including dobutamine may precipitate attacks 
in susceptible individuals. 
**Blocks beta-2 receptors; thus alpha adrenergic receptors are freed  resulting in vascconstriction and BP increases. (A) This peripheral 
arterial constriction should combat cardiogenic shock at the earliest stage and may prevent some deaths; (B) amelioration of early AM 
platelet hyperaggregability that may prevent heart attack; (C) may restore sudden marked drop in serum potassium levels; and (D) pre-
vents VF. Vascular resistance will markedly increase if propranolol or timolol is administered when epinephrine is circulating and affords 
some cardioprotection at onset of coronary artery occlusion, the earliest phase of infarction  when sudden death occurs.
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Currently, timolol and propranolol are available and 
are proven to prevent sudden deaths and MI. Timolol 
caused 71% reduction in sudden deaths in patients at 
risk (see Table 19.1).
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CHAPTER

INTRODUCTION
In 1775, William Withering, a Birmingham physician, 
learned of a midwife, whose herbal brew had cured several 
people suffering from dropsy that caused severe swelling 
of the legs and shortness of breath. Withering studied the 
brew and concluded that the only active constituent of the  
20 or more herbs was derived from the Foxglove plant,  
Digitalis purpurea. He used the herb with success. For 
more than 200 years, digitalis (digoxin) has been used 
worldwide to treat millions of people with heart failure 
(HF) that has now reached epidemic proportions, and 
atrial fibrillation, the most common arrhythmia observed 
by physicians worldwide.

 ■ Several herbal remedies and supplements are used 
by more than 2 billion individuals in hope of a cure or 
amelioration of a disorder that responds partially to 
prescribed medicines.

 ■ This chapter deals with medical supplements that are 
believed by some to have at least modest beneficial 
cardiovascular effects.

 ■ Some of the many herbal remedies consumed parti
cularly by Asians are cardiotoxic or interact with car
diac drugs. Warnings about nephrotoxic and other 
toxic and carcinogenic effects associated with prod
ucts containing kava, comfrey, and aristolochic were 
instituted by the Food and Drug Administration  
(FDA 2001).

 Long before Hippocrates, the ancient Sumerians (5000 
BC), the Egyptians, and the Chinese (1600–700 BC) were 
noted to use herbs such as onions, garlic, licorice, ginger, 
and thyme, and Ayurveda was commonly used in India. 
The Aztecs, reportedly, drank liquid cocoa thousands of 
years ago (Henderson et al. 2007).
 In the 16th century, Aztec Emperor Montezuma was 
a keen admirer of cocoa, calling it a “divine drink, which 
builds up resistance and fights fatigue. A cup of this pre
cious drink permits a man to walk for a whole day without 
food” (Herna’n Corte’s 1519).

COCOA
Constituents of cocoa, polyphenols (flavanols), cause acti

vation of nitric oxide (NO) and have antioxidant effects. 

As for many antioxidants and herbals, claims for cocoa 

abounds. A significant beneficial effect was claimed in the 

Zutphen.

 Elderly study that involved 470 elderly men free of 

chronic disease. Blood pressure was measured at baseline 

and 5 years later, and causes of death were ascertained  

during 15 years of followup (Buijsse et al. 2006). After 

adjustment for age, body mass index, lifestyle factors, drug 

use, food, and caloric intake, the risk of cardiovascular 

mortality for men in the highest cocoa intake was reduced: 

58 deaths for lowest cocoa intake versus 44 for highest 

intake; total mortality was 122 versus 92, but data from 

only 161 and 162 men (Buijsse et al. 2006).

 Flavanols (also called flavan3ols) are found in high 

concentration particularly in cocoa, some types of tea, 

grape, juice, wine and various berries; these are suitable 

health foods activation of NO increases intracellular cyclic 

guanosine monophosphate (cGMP) concentrations, a key 

player that leads to vasodilation, prevents leukocyte adhe

sion, and platelet adhesion and aggregation. Increase in 

cGMP causes relaxation of smooth muscle and vasodila

tion, a crucial factor in increasing penile blood flow that 

should assist in some individuals with erectile dysfunction. 

NO is responsible for neurally induced vasomotor changes 

at the level of the corpora cavernosa that generates penile 

erection.

 ■ The effect of alkalization is, in fact, darkening of cocoa, 

so that a very dark chocolate might be essentially 

devoid of flavanols (Hollenberg and Fisher 2007). 

Unfortunately, currently no commercially available 

cocoa has a high flavanol content because of extensive 

processing (Fisher and Hollenberg 2005).

Khan GM. Sitosterol Blood Levels are Elevated in Diabetics and may be the Cause of Coronary Artery Disease 
and Stroke. The Journal of Medical Sciences, JulySeptember 2017;3(3):8994.
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MAIDEN HAIR TREE LEAF EXTRACTS
Used for more than 3,000 years by the Chinese, and it is 
one of the bestselling herbal remedy in the United States. 
Gingko is believed to be rich in flavonoids and terpenoids, 
which are believed to exert their salutary effects through 
free radical scavenging, antiplatelet activity, vasodilata
tion, decreased blood viscosity, and antiinflammatory 
actions patients who are not sufficiently benefited by  
current medical therapy for peripheral vascular and  
cerebrovascular disease.

GARLIC
Garlic appears modestly beneficial in the treatment of 
dyslipidemia. Evidence from several metaanalyses, each 
using different criteria, arrived at consistent conclusions, 
that garlic reduces total cholesterol (TC) by approximately 
5–10%. Metaanalysis, however, of studies with poor  
methodologic quality is fraught with danger.

 ■ A welldesigned randomized controlled trials (RCT) 
in England showed no beneficial effects from gar
lic. A total of 115 men and women with a mean age 
of 53 years were treated with dried garlic powder for 
6 months. The pretreatment cholesterol values were 
6–8.5 mmol/L; the trial was of sufficient size to have 
90% power to detect a difference of 0.6 mmol/L. No 
significant differences in lipid concentrations were 
observed between the groups in what is believed to be 
the best wellrun trial of garlic.

 ■ A small but welldesigned crossover trial done in  
Australia showed no beneficial effects.

GINSENG/GINKGO BILOBA
Used by many world wide but caution is needed. Increased 
bleeding has been documented when ginkgo is combined 
with aspirin, warfarin, or nonsteroidal inflammatory agents 
(e.g. ibuprofen), as well as the selective agents such as 
rofecoxib. Because of an increased risk of bleeding, ginkgo 
should be discontinued 1 week prior to surgical procedures.
 Increased levels of digoxin are associated with Siberian 
ginseng, which interferes with the digoxin assay. Ginseng 
and Ginkgo biloba extracts are derived from different parts. 
While Ginseng extract comes from the roots, Ginkgo biloba 
extract is made from the leaves and seeds. Ginsenosides 
and panaxans are the foremost chemical components pre
sent in Ginseng. Ginkgo biloba contains flavonoids and 
terpenoids. Red ginseng, digoxin, and digoxin plus red 
ginseng were evaluated in patients with HF in an open trial 

that showed hemodynamic improvement with the combi
nation. Although, red ginseng was used in the study, it is 
the same as white ginseng and refers to a different method 
of ginseng preparation. A mixture of ginseng and Chinese 
herbs was shown in a doubleblind, placebocontrolled 
trial of coronary artery disease patients to improve cardiac 
index and stroke volume index. A similar trial of panax 
plus captopril was compared with captopril in patients 
with left ventricular diastolic dysfunction. The combina
tion of panax and captopril improved diastolic relaxation.  
Because of this outcome, further investigations are  
warranted. Red ginseng was observed to relieve hyperten
sion by decreasing systolic blood pressure significantly 
after 8 weeks of administration.

COENZYME Q10
Heart failure has reached epidemic proportions world
wide. Although therapy has improved dramatically during 
the 90s due to optimal treatment with angiotensin
converting enzyme (ACE) inhibitors or angiotensin II 
receptor blockers (ARBs) and in the past decade with the  
addition of betablocking agents, mortality remains high. 
New cases of HF and rehospitalization for recurrence 
remain at a high and unacceptable level. HF most 
commonly occurs in the elderly. Coenzyme Q10 (CoQ10) 
deficiency exists in the elderly. Until results of large  
rando mized trials are available, CoQ10 deficiency should 
be corrected.
 The enzyme Q10 (ubiquinone), a quinine, was discov
ered in 1957, and since that time, there has been consider
able controversy regarding its use in HF and other forms of 
heart disease. 
 Coenzyme Q10 is a fatsoluble, vitaminlike substance 
found in virtually all human cells and is naturally present 
in organ meats such as heart, liver and kidney as well as in 
beef, soybean oil, sardines, mackerel and nuts.
 There is no doubt that myocyte energetics and mito
chondrial function are severely deranged in patients with 
HF, and salutary cardioactive agents are wanting in them. 
This enzyme serves as a mitochondrial enzyme supple
ment and appears to improve defective myocyte energetics 
in patients with HF.
 Coenzyme Q10 plays an intermediary role in the elec
tron transport chain during the oxidation of reduced nico
tinamide adenine dinucleotide (NADH) or succinate, with 
the conversion of oxygen to water within the mitochon
dria. This enzyme is involved in electron proton transfer 
during oxidative phosphorylation.
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 Coenzyme Q10 possesses antioxidant, free radical 
scavenging and membrane stabilizing properties. 

Clinical Studies
Several small clinical studies of CoQ10 that have not been 
randomized indicate an improvement in physical. A study 
using 100 mg daily for over 6 years reported improvement 
in ejection fraction (EF). A small study suggested degener
ation in symptoms and hemodynamic features on is con
tinuation of the enzyme. 
 A study without placebo control in 806 patients showed 
improvement in functional class and HF symptoms over a 6 
month followup. A review by Raj and colleagues discusses 
CoQ10 and congestive heart failure (CHF) (Raj et al. 2002). 
Most studies are small with less than 50 patients enrolled 
and with a followup of less than 1 year. Chronic HF symp
toms may wax and wane; thus, only large RCTs with fol
lowup more than 2 years can give accurate answers.
 Morisco et al. (1993) one of the largest randomized 
studies involved 641 patients followed for 1 year. Hospi
talizations were decreased with the enzyme; 40% versus 
20% for placebo (p < 0.001). The enzyme group had fewer 
patients with pulmonary edema, 20 versus 51, and cardiac 
asthma, which was on all probabilities a symptom of CHF, 
97 versus 198 (p < 0.001). There was no difference in sur
vival between the two groups (Morisco et al. 1993).
 The Morisco et al. study was done prior to the aggre
ssive optimal management of HF with quadruple therapy: 
ACE inhibitors, betablockers, aldosterone antagonists 
and digoxin. Nevertheless, the outcomes deserve further 
studies.
 Baggio et al. (1994): These investigators studied 2,664 
patients New York Heart Association (NYHA) II and III 
CHF, which had been diagnosed at least 6 months pre
viously and treated with standard therapy (digitalis, diuret
ics and vasodilators); patients were administered CoQ10 
dose 50–150 mg daily, with the majority of patients (78%) 
receiving 100 mg/day and followup for 3 months.
 This was not a double blind controlled study, and was 
done before current optimal therapy. This no comparative 
postmarketing study was carried out in 173 Italian centers. 
Assessment of clinical signs and symptoms used a seven
point scale. “After 3 months of test treatment the propor
tions of patients with improvement in clinical signs and 
symptoms were as follows: cyanosis 78.1%, edema 78.6%, 
pulmonary rales 77.8%, enlargement of liver area 49.3%, 
jugular reflux 71.81%, dyspnea 52.7%, palpitations 75.4%,  
sweating 79.8%, subjective arrhythmia 63.4%. Improve

ment of at least three symptoms was seen in 54% of 
patients. This could be interpreted as an index of improved 
quality of life (Baggio et al. 1994).
 Trials involving CoQ10 supplementation in HF 
have primarily used dosage ranges from 60 mg/day to  
300 mg/day. No significant toxicity has been observed in 
human studies, although there have been adverse side 
effects, including diarrhea, nausea, epigastric discomfort, 
and elevated liver enzyme levels. 
 Khatta et al. (2000): A small wellrun RCT study of 46 
patients with NYHA functional classes III and IV CHF EF 
less than 40%, showed no difference in EF, peak oxygen 
consumption, or exercise duration despite successfully 
increasing the serum CoQ10. Patients were administered 
coenzyme Q10 200 mg/day or a placebo for 6 months. The 
study was small; also, the followup was only for 6 months.
 Watson et al. (1999): In 30 patients with chronic left 
ventricular dysfunction, EF less than 35% secondary to 
ischemic or idiopathic cardiomyopathy, taking a maximal 
conventional therapy, treatment with 33 mg three times 
daily for 3 months only with CoQ10 failed to improve 
resting left ventricular EF. This was despite an increase in 
plasma levels of CoQ10 to more than twice basal values 
(Watson et al. 1999).
 Molyneux et al. (2008): These investigators assessed 
plasma samples from 236 patients admitted to the hospi
tal with CHF, with a median (range) duration followup of 
2.69 (0.12–5.75) years. They were assayed for lowdensity 
lipoproteincholesterol (LDLC), TC and total CoQ10.
 These investigators found an independent associa
tion between lower CoQ10 and increased risk of mortality. 
Plasma CoQ10 concentration was an independent pre
dictor of mortality. The CoQ10 deficiency might be detri
mental to the longterm prognosis of CHF, and there is a 
rationale for controlled intervention studies with CoQ10 
(Molyneux et al. 2008).

Statins and Coenzyme Q10

Diastolic Dysfunction
 ■ In 2004, a study showed that diastolic dysfunction 

occurred in 70% of previously normal patients treated 
with 20 mg a day of atorvastatin for 6 months. “Dias
tolic dysfunction presumably caused by statin therapy 
for 6 months was reversed with supplemental CoQ10” 
(Silver et al. 2004). Enzyme Q10 can be used as add
on if optimal therapy is administered in patients with 
ischemic or dilated cardiomyopathy.



Practical Cardiology308

 Heart failure has reached epidemic proportions and 
current optimal therapy is not sufficiently curative. Even 
with the very best of modern therapy, however, HF is still 
associated with an unaccceptable high annual mortality 
rate.
 Patients over age 65 years tend to be CoQ10 deficient 
and HF patients may benefit from longterm supplemental 
CoQ10 added to optimal therapy. Large RCTs with patients 
on optimal therapy with longterm followup are required 
to verify the benefits or failure of CoQ10 supplementation.

CHINESE RED YEAST RICE
Extracts from red yeast rice have been used for centuries 
in China in patients with circulatory problems. An RCT 
studied the efficacy of XueZhiKang (XZK), a partially puri
fied extract of red yeast Chinese rice, to show that XZK is 
superior to placebo in reducing the incidence of recurrent 
cardio vascular events in Chinese patients with CAD. A total 
of 4,870 patients were randomized between 1996 and 2003: 
2,429—300 mg capsules XZK (each containing lovastatin 
2.5–3.2 mg/capsule, lovastatin hydroxyl acid, ergosterol,  
and a few other components), and 2,441 to matching  
placebo. Hypertension was present in 55.5%, and 12.5% 
had diabetes. The baseline LDLC, HDL and triglycerides 
were 129, 46 and 163.9 mg/dL, respectively (Lu et al. 2008).

Results 
Patients treated with XZK (5.7%) had a significant reduc
tion in major coronary events compared with placebo 
(10.4%) (p < 0.0001), including a significant reduction in 
the incidence of nonfatal MI (1.9% vs 4.9%, p < 0.0001), 
death due to cardiovascular causes (3.8% vs 5.5%,  
p = 0.005). There was also a 10.9% reduction in TC (p < 
0.001), a 17.6% reduction in LDLC (p < 0.001). No sig
nificant treatmentrelated adverse events or deaths were 
noted during the study period.
 XueZhiKang, an extract from red yeast Chinese rice, 
is associated with a significant reduction in major coro
nary events compared with placebo, including a signifi
cant reduction in total and cardiovascular mortality and 
non fatal MI. If confirmed by further RCTs, XZK could 
thus prove to be an exciting alternative in patients who 
are intolerant to statins (Lu et al. 2008). Becker et al. con
ducted an RCT in 62 adults with hypercholesterolemia who 
discontinued statin therapy after experiencing myalgias. 
Patients were assigned to receive red yeast rice (1,800 mg) 
or placebo twice daily for 24 weeks. All participants were 

enrolled in a 12week lifestylechange program. Mean age 
was 60 years in the red yeast rice group and 61 years in the 
placebo group; 65% of the patients were women. In the 
red yeast rice group, mean LDLC level was reduced from 
baseline by 27.3% at week 12 and by 21.3% at week 24. The 
corresponding reductions in the placebo group were 5.7% 
and 8.7%, respectively. Similar changes were seen in TC 
levels (Becker et al. 2009). Two patients in the red yeast 
rice arm discontinued treatment, one because of dizziness 
and the other because of loose stools. Two patients in the 
red yeast rice group and one in the placebo group discon
tinued treatment because of persistent myalgia.
 Patients who cannot tolerate statins may find some 
benefit from the use of red yeast rice. Caution is needed, 
however, to avoid widespread use until results of large 
RCTs using standard formulations of the product are avail
able. 
 Importantly, inconsistent and possibly toxic formula
tions must be avoided.
 Caution: Red yeast rice, may have liver and muscle 
risks, similar to that of statins, according to analysis of an 
Italian surveillance program for natural health remedies.
Active ingredient is an actual statin, the supplement con
tains monacolin K a compound identical to lovastatin. 
In an Italian study adverse events were: myalgia and/or 
increase in creatine phosphokinase, liver injury, and a 
case of rhabdomyolysis (Mazzanti et al. 2017).

CALCIUM SUPPLEMENTS
In a pooled analysis of approximately 12,000 participants 
from 11 randomized controlled trials, calcium supple
ments were associated with about a 30% increase in the 
incidence of myocardial infarction (Bolland et al. 2010). 
Researchers at the University of Auckland in New Zealand 
evaluated 1,471 healthy postmenopausal women, average 
age 74 years, for a period of 5 years. Of them, 732 were given 
a daily calcium supplement and 739 were given a placebo. 
Participants received either 1 g of elemental calcium cit
rate daily (citracal) or identical placebo. They were asked 
to take two tablets (each containing 200 mg of elemental 
calcium) before breakfast and three in the evening. Over 
the next few years, heart attacks were more common in the 
women taking the calcium supplements.
 Kanis and Passmore (1989) concluded that calcium 
supplements to prevent fractures were not justified by the 
available evidence. Michaëlsson (2015) now state that the 
conclusions of Kanis and Passmore still hold true and little 
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can be gained from an increased consumption of calcium 
rich foods. A metaanalysis of RCTs of extra dietary or sup
plemental calcium in women and men aged over 50 years 
found a meagre increase in bone mineral density, with no 
further gains beyond the 1st year. This limited improve
ment was no greater when calcium was combined with 
vitamin D at any dose, even among participants with low 
serum concentration of 25hydroxyvitamin D (25OHD), 
a high calcium dose, or baseline dietary calcium intake 
less than 800 mg/day (Tai et al. 2015).
 The evidence available, and the United States Pre
ventive Services Task Force (Moyer VA; 2013) after their 
recent metaanalysis gives us a strong signal that calcium 
supplements with or without vitamin D do not protect 
older people in general from fractures. Calcium sup
plementation alone might even increase the risk of hip 
fracture, the most devastating type of fragility fracture  
(Bolland et al. 2015).
 The official recommendations in the United Kingdom  
and Nordic countries are 700–800 mg/day of dietary  
calcium for adults. This intake can be achieved with a 
normal varied diet. Other guidelines such as from the US 
National Osteoporosis Foundation (NOF; http://nof.org/
calcium) promote at least 1,200 mg calcium and 800–1,000 
IU vitamin D daily as a goal for women aged 50 years or 
older. But few women can achieve such intakes through 
dietary means alone. Thus most middle aged and older 
women in the United States take calcium and vitamin D 
supplements.
 Most will not benefit from increasing their calcium 
intakes  and will be exposed instead to a higher risk of 
adverse events particularly cardiovascular events and kid
ney stones (Michaëlsson 2015).

SITOSTEROL A PLANT STEROL 
IS HARMFUL
Diabetics consume much vegetable, plant foods contain
ing sitosterol. Sitosterol is hyperabsorbed by some diabe
tics (Khan 2017). This sterol is known to cause atheroma
tous CAD and fatal MI in young adults with sitosterolemia 
in which mutations in either ABCG5 or G8 proteins cause 
intestinal hyperabsorption of sitosterol. Surprisingly, the 
same genetic defect is present in diabetics causing hyper
absorption of sitosterol, a fact that is currently unknown to 
the Medical Profession.
 Consumption of Sitosterol plant foods should be 
minimized by diabetics and some may need ezetimibe to 

reduce blood levels of sitosterol because this sterol causes 
heart attacks and stroke in some diabetics (see Chapter 17).
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CHAPTER

INTRODUCTION
It is estimated that in the year 2025 more than 25  
million people will die of cardiovascular disease (CVD) 
and approximately 11 million will be from acute myocar-
dial infarction (MI) in a world population of approximately 
7.9 billion. Approximately 50% of these fatal MI deaths  
(>5 million) are sudden, within 1 hour (Yusuf et al. 2001; 
Gillum 1990; Myerburg et al. 2004). More effective drug 
therapy to prevent sudden cardiac death should be devel-
oped. See Table 21.1 for available useful drugs that are 
rarely prescribed for this purpose because of poor clinical 
pharmacologic knowledge.

MAJOR CAUSES OF CARDIAC ARREST
 ■ Ventricular fibrillation (VF) or pulseless ventricular 

tachycardia (VT)
 ■ Asystole: Approximately 15%
 ■ Electromechanical dissociation (EMD): Approximately 

5%.
The main cardiac abnormalities causing VF, VT, asystole 
and EMD are as follows:

 ■ Acute MI, cardiogenic shock.
 ■ Myocardial rupture, cardiac tamponade, acute dis-

ruption of a major blood vessel, and acute mechani-
cal obstruction to blood flow that includes, pulmonary 
embolism. Patients with congestive heart failure at 
high risk and ACE inhibitors or ARBs do not prevent 
sudden deaths.

 ■ Other causes include: Aortic stenosis; aortic dissec-
tion, hypertrophic cardiomyopathy. Cardiac deaths 
in young athletes are usually caused by hypertrophic 
cardiomyopathy (Maron 1997) anomalous origin of 
the left main coronary artery from the right sinus of 
Valsalvad; dilated cardiomyopathy, complete heart 
block or sinoatrial disease, Wolff-Parkinson-White 
syndrome in patients with very short refractory period 

of the bypass tract; torsades de pointes in patients  
taking antiarrhythmic drugs and some antibiotics 
that prolong the QT interval. Also, prolonged QT syn-
dromes (congenital or acquired), Brugada syndrome, 
younger Asian males, night deaths and arrhythmo-
genic right ventricular dysplasia. 

 The cause and mechanisms for sudden death during 
sleep in young apparently healthy southeast susceptible 
Asian males remains undetermined and appears to be 
arrhythmic disorders of the Brugada syndrome, a con-
genital disorder of sodium cardiac channel function. 
Consumption of special herbal products used by younger 
males should be investigated.

Warnings
There is some data indicating that a significant number of 
cardiac arrest victims do have a small warning that unfor-
tunately is often ignored. Warnings that include, shortness 
of breath or chest discomfort, may occur hours to days of 
the arrest.

 ■ Approximately 95% of people who have cardiac arrest 
die from it, most within minutes. More than 75% of 
these are at high risk for MI.

 In some countries automatic external defibrillators 
(AEDs) along with cardiopulmonary resuscitation (CPR) 
support are effective, but at best save less than 10% of victims. 
 Those at high risk include. Patients with: prior MI, 
angina, family history of MI diabetes, hyperlipidemia, and 
hypertension. These should be prescribed:

 ◆ An appropriate beta-blocker (see Table 21.1, and 
Chapters 7 and 19: Beta-blocker Choice), timolol 
or propranolol (only in nonsmokers), bisoprolol 
or metoprolol if chronic obstructive pulmonary  
disease.

 ◆ Aspirin: soft chew 81 mg/day after meal: enteric 
coated aspirin is not advisable except for individu-
als with stomach problems.
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 ◆ A statin to achieve low density lipoprotein-choles-
terol (LDL-C) goal less than 1.8 mmol/L; patient at 
highest risk, goal less than 1.4 mmol/L.

 This prescription should hopefully save more than 
1 million lives; AEDs + CPR may save 9% ~0.45 million.

 ■ Information materials directed at advising physicians, 
governmental bodies, students and the public must 
stress that the witness of a cardiac arrest must be aware 
that the person can only be saved by urgent defibrilla-
tion because the arrest is caused most often by VF or 
pulseless VT.

 ■ Thus currently the single most effective intervention 
that can save victims of sudden cardiac arrest is the 
earliest delivery of defibrillation. The widespread dis-
tribution of AEDs assisted by properly executed CPR is 
the only strategy currently available to save lives; CPR 
must commence immediately and continued until an 
AED arrives.

 ■ Automatic external defibrillators must be placed in 
areas where large crowds gather for several hours  
stadiums, arenas, large offices, hotels, sports clubs 
(golf, tennis exercise facilities and the like).

 Rescuers were advised to push hard, push fast, allow 
full chest recoil, and minimize interruptions in compres-
sions given at a rate of 100–120/min before assessing the 
pulse or ECG analysis.

An Arizona Observational Study
A prospective statewide observational study in Arizona 
had shown that training the population in continuous 
chest compressions (CCCs) until the arrival of emergency 
medical services (EMS) increased the rate of bystander-
initiated CPR and increased the rate of survival to  
discharge from the hospital (Bobrow et al. 2010).
 Recently, a randomized trial showed otherwise:

 ■ The results of a randomized clinical trial (Nichol et al. 
2015) from the resuscitation outcomes consortium 
(ROC) should allow guidelines to revert back to the 
old CPR strategy. The trial was designed as a cluster-
randomized study of nontrauma-related cardiac arrest 
treated by EMS providers. Patients received either 
CCCs or the standard approach of chest compressions 
that were interrupted for positive-pressure ventila-
tion in a ratio of 30 compressions to two ventilations 
(termed “interrupted chest compressions”).

 A total of 12,653 patients were included in the group 
that received CCCs (intervention group) and 11,058 in the 
group that received interrupted chest compressions (con-
trol group). The overall rate of survival to hospital discharge 
was 9.0% in the intervention group and 9.7% in the standard 
[control] group—a nonsignificant difference. Survival with  
favorable neurologic function at discharge did not differ  
significantly between the two groups.

Table 21.1: Beta-blockers are the only drugs currently 
available that prevent sudden cardiac death.

Control Drug % Decrease

Total sudden death*

Propranolol 78 60 23

5 am–11 am 31 11 64

Total deaths 188/1460 138/1456 26

Timolol**

Total sudden death 95 47 50

Instant, within seconds 38 11 71

Total deaths 117/718 67/670 42

Metoprolol#

Total sudden death 21 9 57##

Total deaths 31/147 25/154 19##

MERIT-HF^

Total sudden death 132 79 40.2

Total deaths 217/2001 145/1990 33.2

Bisoprolol***

Total sudden death 83 48 42.2

Total deaths 228/1320 156/1327 31.6

[Only four beta-blockers of the 12 available definitely prevent 
sudden cardiac death; they all gain high brain concentration.  
Atenolol and sotalol gain poor brain concentration and are inef-
fective; atenolol use should be curtailed.]

*BHAT study, AM sudden death (Peters et al. 1989) follow-up 25 
months, propranolol 120–240 mg daily.
**Timolol Norwegian MI study; mean duration 17 months follow-up: 
10 mg twice daily. A superior drug rarely used; beta-blockers are 
not all alike.
#Metoprolol: A very small study of only ~150 patients in each 
group followed for 3 years.
##“This reduction in cardiac mortality did not reach statistical 
significance, as was to be expected from our sample size” (Olsson 
et al. 1985).
^In MERIT-HF there were fewer sudden deaths in the metoprolol 
CR/XL group than in the placebo group (79 vs 132, 0.59 [0.45–
0.78]; p = 0.0002) and deaths from worsening heart failure (30 vs 
58, 0.51 [0.33–0.79]; p = 0.0023).
***Bisoprolol in CIBIS; significant decrease in deaths and sudden 
death.
 Carvedilol did not prevent sudden death in two large RCTs; 
total mortality in RCT was not significantly reduced in post MI  
patients.
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 ■ A prespecified per protocol analysis that was based on 
strict adherence to the treatment algorithm showed 
significantly lower rates of survival among patients in 
the intervention group than among those in the control 
group (7.6% vs 9.6%) (Nichol et al. 2015).

 ■ The randomized trial is the best tool to investigate  
causality (Koster 2015).

 ■ Pauses for ventilation may be less critical, and less detri-
mental for survival, than is currently believed (Beesems 
et al. 2013). This randomized controlled trial (RCT) 
finding should replace the guidelines derived from the 
Arizona observational study. 

 ■ Most important, I do not advise 110–120/min com-
pressions at depth and speed as guidelines suggest 
because it is difficult for many bystanders to accom-
plish this depth if the rate is hurried. The depth needed 
to circulate blood to the brain is often not adequately 
achieved. 

 The Arizona strategy to do compressions first makes 
good physiologic sense because blood is sufficiently  
oxygenated and should be expedited to the brain. But after 
the first 100 compressions, as done by the CCCs method 
we do need to circulate blood; thus the old CPR strategy is 
best. My advice is a compromise:

 ■ Thirty properly done compressions then start the old air-
way, breathing, circulation, chest compression (ABC).

 I am not surprised that the RCT proves the old standard 
approach to be slightly better. The American College of 
Cardiology’s (ACC)/American Heart Association (AHA) 
guideline of 2015 would likely be changed within the next 
year.

CARDIOPULMONARY  
RESUSCITATION TECHNIQUE
Basic life support (BLS) algorithm directs the rescuers to 
start the six basic steps of the international BLS algorithm:
1. Check responsiveness. Rapidly establish that the 

patient is unconscious and unresponsive; shake and 
shout as this item must be over in less than 30 seconds.

2. Open the airway. Use the head tilt/chin lift maneuver 
to open the airway.

3. Determine breathlessness. Promptly verify that the 
patient is not breathing; take a deep breath, seal your 
lips around the mouth.

4. Give two full breaths, 1–1.5 seconds/breath, and allow 
the chest to deflate fully between each breath.

5. Start 30 chest compressions

6. Assess circulation and continue CPR:
 ■ An AED is simple to use as it is voice regulated and 

delivers a shock when the VF pulseless VT rhythm 
is detected.

DRUG THERAPY FOR CARDIAC ARREST
Drug use is of limited value. The salient points are listed. 
“Epinephrine” and other cardiac arrest drugs and their 
dosages are listed. Salutary effects of epinephrine are:

 ■ Increased myocardial contractility
 ■ Elevated perfusion pressure
 ■ Possible conversion of EMD to electromechanical cou-

pling
 ■ Improved chances for defibrillation
 ■ Improved blood flow to the heart and brain when sinus 

rhythm is restored.
 Epinephrine is an α- and β-adrenergic agonist and is 
the drug of first choice, administered as an initial 1 mg IV 
bolus after the third shock fails to defibrillate. Intracar-
diac epinephrine is not recommended, except when IV or 
intratracheal routes are not possible.
 Epinephrine: 1 mg IV bolus repeated q 3–5 minutes. 
Tracheobronchial 1 mg. 10 mL of a 1:10,000 solution of a 
1:10,000 dilution. Do not give with NaHCO3 in same IV.
 Hagihara et al. (2012) in a study observed that “among 
patients with out-of-hospital (OOH) cardiac arrest in 
Japan, use of prehospital epinephrine was significantly 
associated with increased chance of return of spontaneous 
circulation before hospital arrival but decreased chance 
of survival and good functional outcomes 1 month after 
the event.” Epinephrine use for in-hospital arrests must  
continue until further studies prove the drug useless.
 Wenzel et al. (2004) showed the success of vasopressin 
alone and vasopressin followed by epinephrine in refrac-
tory a systolic cardiac arrest. In this randomized study, 
OOH cardiac arrest patients were assigned to receive 
two injections of either vasopressin 40 IU or 1 mg of  
epinephrine followed by additional treatment epinephrine 
if needed. Five hundred and eighty-nine patients received 
vasopressin; 597 received epinephrine. The effects of vaso-
pressin were similar to those of epinephrine in the man-
agement of VF and pulseless electrical activity (PEA).
 Vasopressin was superior to epinephrine in patients 
with asystole. The authors concluded that vasopressin 
followed by epinephrine may be more effective than  
epinephrine alone in the treatment of refractory cardiac 
arrest.
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Propranolol for Ventricular Fibrillation
United State of America: 1 mg over 2–5 minutes (q 2–5 
minutes to maximum 5 mg); United Kingdom: 1 mg over 
2 minutes (q 2 minutes to maximum 5 mg); an intravenous 
beta-blocker may occasionally be useful, especially with 
recurrent VF caused by electrocution (Sloman et al. 1965; 
Rothfeld et al. 1968). In general, beta-blockers as well as all 
other agents that have a negative inotropic effect should be 
avoided in cardiac arrest.

Magnesium Sulfate
Dosage: 1–2 g IV for polymorphic VT (torsades de pointes) 
and suspected hypomagnesemic state.

Vasopressin
A meta-analysis of five randomized OOH trials showed no 
significant differences between vasopressin and epineph-
rine for return of spontaneous circulation, death within 24 
hours, or before hospital discharge (Aung and Htay 2005).
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CHAPTER

INTRODUCTION
It is well established that the standard placement of elec-
trodes on the wrist and ankles used successfully since 
approximately 1944 (Wilson et al. 1944) may produce 
poor quality electrocardiograms (ECGs). Limb movement, 
tremor, anxiety, particularly cold extremities and other 
factors cause distortion (artifacts) of the baseline and ECG 
waveforms leading to in accurate ECG interpretation and 
diagnostic delays. A few investigators in very small studies  
done between 1989 and 2005 have confirmed that placing 
the writs ankle electrodes on the chest and abdomen 
(torso placements, called modified leads) gives better 
quality ECG recordings but causes erroneous electrocardi-
ography and should be used only in exceptional situations, 
example patients with severe tremor as in Parkinson’s. The 
main errors were:

 ■ Loss of ECG inferior myocardial infarction (MI) pattern
 ■ Significant axis deviation 
 ■ Reduction of R wave amplitude in lead 1, AVL and 

rarely complete disappearance of the R wave resulting 
in the false diagnosis of lateral infarct. Investigators 
(Sevilla et al. 1989; Jowett et al. 2005) did not analyze 
the reasons for the errors and did not attempt to solve 
the problem.

 ■ The author conducted a large novel study showed that 
placement of the wrist electrode on the mid arm and 
the ankle electrode on the lower abdomen produces 
better quality ECGs, is faultless, and can replace the 
old ankle-wrist method (Fig. 22.1).

 ■ Lives can be saved by rapid acquisition of better quality 
ECGs and rapid diagnosis needed for timely coronary 
interventions or thrombolytic therapy.

 Several electrode placements were assessed to obtain 
ECGs identical with the standard, but with better quality. 
1,112 patients received standard and new electrode place-
ment recordings. ECG parameters were assessed. Electrodes 
positioned on the mid arm and lower abdomen (Fig. 22.1) 
revealed ECGs identical with the standard without artifacts 
or loss of inferior or appearance of lateral infarcts.

 Not having to remove leg garments is convenient and 
allows more rapid acquisition of ECGs. The forearms are 
freed for, intravenous, radial access, and ECGs needed 
during procedures.

SUMMARY OF STUDY
Placing the limb electrodes on the torso as done for exercise 
stress testing or variations in placements cause an increase 
in R wave amplitude in inferior leads that can result in  
disappearance of inferior MI, and a more than 2 mm 
decrease in leads 1 and aVL that may simulate a lateral 
infarct. The author hypothesized that finding electrode 
placements that do not cause alterations in R wave ampli-
tude should correct the problems.

Fig. 22.1: The Khan Method. The arm electrodes (A and B) are 
placed on the mid-arm, on the lateral or medial aspect of the  
biceps, immediately below the V4 horizontal line. The abdominal 
electrodes (C and D) placed 7.5 cm (~2.5 to 3 inches ~3 finger breaths)  
below the umbilical horizontal line, and 5 cm (~2 inches) ~ 2 finger 
breaths on either side of the umbilical vertical line. The distance 
between these two electrodes to be 10 cm (~4 inches). see Table 
22.1 V lead placements.
Source: Adapted from Khan M Gabriel. A new electrode placement 
method for obtaining 12-lead ECGs. Open Heart. 2015;2(1):e000226.
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 A pilot study placed electrodes on the mid-arm, 
various abdominal sites and infraclavicular. Finally, the 
lower limb electrodes were moved to the lower abdomen  
7.6 cm (3 inches) below a horizontal line running across 
the umbilicus. This position, well below the umbilicus, was 
maintained for all 1,112 subjects tested (see Fig. 22.1).

Table 22.1: Precordial chest leads V1 through V6 electrode placements.
Lead V1 electrode must be placed in the fourth intercostal space just to the right of the sternum. [The fourth intercostal space is 
usually ~ 1.5 cm [~ one finger breath] above a horizontal line connecting the right and left nipples. Often the electrode is placed too 
high, in the third intercostal space. When this is done lead V2 is also placed too far above the heart resulting in ECG recording errors.
V2 electrode is placed in fourth intercostal space just to the left of the sternum (the sternal edge) in the same horizontal line as V1. 
V3 electrode is placed on a line between V2 and V4. I advise placing V4 first then V3 can be correctly placed midway between V2 and 
V4 . If V2 is incorrectly placed as is often done, too high, closer to the third left intercostal space, then V3 placement would be incor-
rect, causing a diagnosis of probable anteroseptal infarction to be incorrectly made, particularly in females. An error that is made 
worldwide because of poor supervision of ECG technicians and nurses.
V4 electrode is placed in the fifth interspace in the mid-clavicular line. [Usually this placement is ̴ 1–2 cm below the left nipple.]
V5 is placed on the same horizontal line as V4 and in the vertical anterior axillary line.
V6 is placed on the same horizontal line as V4 and V5 in the vertical midaxillary line.

 Distortion artifacts: Figure 22.2A shows an ECG tracing 
performed using the standard electrode placements at the 
wrist and ankles as done since ~1944. Baseline distortion 
artifacts render the ECG useless for interpretation.
 Figure 22.2B shows an ECG done seconds later using 
the Khan new electrode placements (Khan 2015).

A

Figs. 22.2A and B: (A) Standard ECG recording with electrodes placed on the wrist and ankles as done since ~1944. The ECG cannot 
be interpreted because of distortion artifacts. (B) New electrode placement (NEP) ECG (see Fig. 22.1), done within 30 seconds of the 
standard tracing reveals no distortion artifacts.
Source: Adapted from Khan M Gabriel. A new electrode placement method for obtaining 12-lead ECGs. Open Heart. 2015;2(1):e000226. 

B
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A

B
Figs. 22.3A and B: Standard lead ECG: (wrist and ankle placements) shows deep wide Q waves in leads 11, 111, aVF: old inferior, 
and anterolateral MI, note the distortion artifacts in V3, V4. (B) New electrode placement ECG, old inferolateral infarct; the tracing is 
similar to the standard recording, but with clearing of distortion artifacts in V3 and V4. The R wave amplitude in all 12 leads is the same 
in the standard and NEP ECG indicating that the NEP method provides a virtually identical ECG as the old standard placements but 
with clearing of artifacts. The inferior infarct pattern may be lost when modified leads (all extremity leads placed on the torso) are used.
Source: Adapted from Khan M Gabriel. A new electrode placement method for obtaining 12-lead ECGs. Open Heart. 2015;2(1): 
e000226.

 Inferior infarcts: Duplicate ECGs (standard vs new 
electrode placement–NEP) from 30 patients with proven 
inferior MI revealed no differences and were reassessed by 
a blinded interpreter who agreed with our findings.
 Figure 22.3A shows the ECG of a patient with a proven 
old inferior infarct. Diagnostic wide Q waves are seen 
in leads 11, 111, aVF: (Fig. 22.3A) standard ECG done  
at wrist and ankles, (Fig. 22.3B) NEP ECG is virtually iden-

tical but with clearing of distortion artifacts in V3 -V4.  
Figures 22.4A and B show leads 1 and AVL, the  
standard and new electrode placements are virtually the 
same.
 The standard 12-lead ECG from a patient with Eisen-
menger syndrome,is shown in Figure 22.5A: there is marked 
right ventricular hypertrophy: R >1 mV in V1, R/S >1 in V1, 
R/S <1 in V4, V5, V6, right atrial hypertrophy, and right axis 
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Figs. 22.4A and B: (A) Standard 12—lead ECG: shows low R wave amplitude in lead 1, aVL; a test case chosen to flaw the new elec-
trode placement. (B) New electrode placement ECG; similar to that of the standard ECG. The R wave amplitude in all 12 leads is virtu-
ally the same. The very small R wave in aVL did not change to a QS pattern indicating the accuracy and reliability of the new electrode 
placements.
Source: Adapted from Khan M Gabriel. A new electrode placement method for obtaining 12-lead ECGs. Open Heart. 2015;2(1):e000226. 

deviation 153. The NEP ECG shown in Figure 22.5B reveals 
virtually the same waveforms and QRS axis of 155.

CONCLUSION
The new method is faultless. It provides better quality 
ECG recordings than the standard and can be done more  
rapidly without removal of hosiery or other lower limb  

garments (Khan 2015). Importantly, our study confirms 
that modified leads that place all electrodes on the torso, 
which includes the shoulder tip, acromion placement 
(torso leads) may produce erroneous ECG diagnoses  
(Khan 2015).
 The Khan NEP method (Khan 2015) provides better 
quality ECGs compared with the standard method that  
places  electrodes  near the   wrist  and above the  ankles.

B

A
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Figs. 22.5A and B: (A) The standard 12-lead ECG from a patient with Eisenmenger syndrome, marked right ventricular hypertrophy:  
R >1 mV in V1, R/S >1 in V1, R/S <1 in V4, V5, V6, right atrial hypertrophy, and right axis deviation 153. The NEP ECG shown in Figure 
22.5B reveals virtually the same waveforms and QRS axis of 155. (B) New electrode placement (NEP) ECG from the patient shown in 
Figure 22.5A, QRS axis 155; findings are identical to the standard wrist ankle placements.
Source: Adapted from Khan M Gabriel. A new electrode placement method for obtaining 12-lead ECGs. Open Heart. 2015;2(1):e000226.

A

B
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A
Acetyl-CoA-acyltransferase  217
Acid-base imbalance  256
Acidosis  170
Acinar shadows  117, 119
Acquired immunodeficiency syndrome  200
Acute infarction ramipril efficacy 
 study  158
 trial  189
Adenopathy  109
Adenosine  257
 intravenous  91
Adenovirus  201
African-American heart failure trial  173, 185
Air bronchogram  117
Airflow obstruction  4
Airspace disease  115, 116
Airways  124, 313
Alcohol  94
 abuse  215
Aldosterone antagonists  183
Allopurinol  20
Alpha 1-antitrypsin deficiency  120f
Alpha-blockers  39
Alveolar disease  116
Alveolar pulmonary edema, diffuse  166f
American Association of Clinical  
  Endocrinologists  265
American College of Cardiology  214, 229, 313
 Foundation  137
American College of Endocrinology  265
American Heart Association  39, 182, 214,  
  229, 313
 Guidelines  137
Amiloride  34, 167, 172, 173, 183, 190
Amiodarone  65, 98, 188
Amlodipine  19, 30, 37, 39
Amoxicillin  182
Ampicillin  178
Amprenavir  217
Amyloid  291
Amyloidosis  150, 170, 186
 systemic  292f
Anemias  4, 12, 15
Aneurysmal dilation, mild  115f

Angina  20, 226
 variant  23
Angioedema  31, 218
Angiotensin-converting enzyme inhibitor  9,  
  28, 31, 37-39, 130, 133, 158, 159, 164,  
  168, 169, 173, 183, 187, 189, 190, 212,  
  229, 266, 269, 296, 306
Angiotensin-receptor blockers  28, 37, 38, 164,  
  168, 184, 186, 187, 190, 266, 269, 306
Anglo-scandinavian cardiac outcomes  
  trial  26, 297
Anorexia  171
Anteroseptal myocardial infarction  148f
Antibiotic
 drug  271, 283
 intravenous  178
 prophylaxis  182
Anticoagulants  197, 260, 283
Antidepressants  92
Antidromic preexcited tachycardia  246
Antifungal 
 agents  250
 drugs  271
 medicines  216
Antihistamines  92
Antihypertensive agent  33, 37
Antithrombotic regimes  226
Antituberculosis drug  271
Antiviral agents  250
Anxiety  5, 240
Aorta  178f, 221, 224, 225, 229, 230, 
   233, 234, 237, 238, 285, 286
 ascending  105f
 coarctation of  182
 descending  285
 proximal descending  205f
 thoracic  104, 110
Aortic aneurysm  110
 rupture  28
Aortic dissection  1-3, 39, 197, 204, 207, 228, 311
Aortic knuckle  111f
Aortic regurgitation  164, 226, 229f
 severe  221, 229, 229f, 236f
Aortic root, dilation of  228
Aortic stenosis  73, 164, 165, 207, 221, 223f, 311
 moderate  222
 severe  221, 222

Aortic valve 
 disease  94
 level of  225f
 orifice  224f
Apical hypertrophic cardiomyopathy  284, 284f
Apical infarction  145
Apixaban  191
Arch of aorta, posterior aspect of  105f
Arizona observational study  312
Arrhythmias  12, 45, 79, 92, 194, 241, 255, 256, 298
 classification of  79
 diagnosis  244
 life-threatening  245
 treatment  244
Arrhythmogenic right ventricular  
  dysplasia  291, 291f
Arterial hypertension, pulmonary  1
Artery, pulmonary  107f, 229f, 234
Arthralgia  218, 242
Arthritis  242
 rheumatoid  150, 197
Aspergillosis  202
Aspirin  16, 149, 153, 159, 187, 311
Astemizole  65
Asteroid  127
Asthma  4, 244
Atelectasis  107, 115, 117
 radiographic signs of  118
 types of  117
Atenolol  17, 36, 158, 159, 185, 194, 298, 299
Atheroma  12, 127, 129
 formation, pathophysiology of  129fc
 obstructive plaque of  12
Atherothrombosis  127
Atorvastatin  188, 216
Atrial fibrillation  12, 28, 32fc, 81, 86, 86f, 92-94,  
  95f, 96f, 132, 164, 169, 194, 194, 207, 232,  
  246, 247, 249, 249f, 250f, 259, 260, 283, 285
Atrial flutter  79, 81, 86, 91, 92, 92f-95f, 246, 247,  
  248f, 251f, 258
Atrial hypertrophy, right  62f, 319f
Atrial myxoma  207, 242
Atrial premature 
 beats  81, 82f, 253
 P wave, nonconduction of  81
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Atrial septal defect  67, 164
Atrial tachycardia  79, 86, 87, 246
 persistent  87, 88, 91
Atrioventricular block  88, 253
 complete  102f
 second-degree  100, 171, 251
 third-degree  101, 171, 254, 256f
Atrioventricular dissociation  96
Atrioventricular nodal reentrant tachycardia   
  67, 86, 91, 246
Automatic external defibrillators  311
Autopsy  214
Azithromycin  188, 217
Azole antifungals  217

B
Bacteraemia  181
Bacterial origin, acute pneumonia of  117
Balloon valvuloplasty  235
Basal emphysema  119
Basic life support  313
Basilar reticulonodular disease  126f
Benazepril  190
Bendrofluazide  30
Benign solitary pulmonary nodule, signs of  121
Berry aneurysm  28
Beta-adrenergic blockade, effects of  131fc
Beta-blocker  7, 16, 22, 34, 65, 132fc, 158, 171,  
  174, 185, 187, 190, 191, 193, 251, 266,  
  288, 302fc
 diuretics and statins  25
 heart attack trial  17
 lower plasma endothelin-1  16
 therapy  25, 187
 thiazide diuretics  25
Bicuspid aortic valve  182, 221f, 224f
Bilateral pulmonary disease  122
Biphasic wave  59
Bisoprolol  17, 18, 30, 36, 133, 159, 170, 185,  
  187, 188, 245, 267, 298, 312
Biventricular endomyocardial fibrosis  289f
Blood pressure  1, 28, 31f, 32fc, 40, 132, 204,  
  266, 302
 control  267
 diastolic  227
 goal  194
 systolic  28, 31fc, 186, 207
Blood sitosterol, reduction of  264
Bones  105, 106
Borrelia burgdorferi  202
Bounding pulse  228
Bradyarrhythmias  100, 150, 207, 250
Bradycardia  37
Breast cancer  8
Breath
 shortness of  4, 226, 231
 sounds, quality of  7
Bronchial wall thickening  119
Bronchiectasis  4, 115, 120, 120f, 125f
 evaluation of  124
Bronchoalveolar carcinoma  117

Bronchogenic carcinoma
 bilateral synchronous  124f
 large cell  121f
Bruce protocol  13
Brugada syndrome  91, 91f, 92, 130, 311
B-type natriuretic peptide  166
Bundle branch block  65, 81, 174
Burning-like indigestion  135
Burns, severe  151

C
Calcific aortic valve disease  223
Calcinosis cutis  125f
Calcium 
 antagonists  7, 18, 22, 31, 28, 36, 190
 supplements  308
Candesartan  168, 184, 190
Candida  202
Captopril  168, 184, 189-191
Cardiac arrest  311, 313
 major causes of  311
Cardiac arrhythmias  171
Cardiac insufficiency bisoprolol  171
Cardiac nuclear scans  14
Cardiac pain, locations of  3f, 13f, 133f
Cardiac resynchronization therapy  174, 285
Cardiac shadow  109
Cardiac shunts, right-to-left  4
Cardiac tamponade  6, 201, 207, 311
Cardiac troponins  21
Cardiac tumors, benign primary  242
Cardioactive drugs  251
Cardiomyopathy  67, 70, 73, 86, 94, 278
 dilated  284, 285f, 286f
 disease  69
 hypertrophic  76, 83, 146, 207, 278, 279f, 311
 peripartum  287
 restrictive  286
Cardiopulmonary resuscitation technique   
  311, 313
Cardiotomy  197
Cardiovascular disease  29, 30, 127, 190, 264,  
  297, 311
Carditis  241
Carotid sinus 
 massage  91, 92, 256
 syncope  207, 213
Carvedilol  17, 36, 158, 160, 171, 185, 299
 postinfarct survival controlled evaluation  299
 prospective randomized cumulative  
  survival  300
Catecholamine 
 crisis  39
 infusion  131
Catheter ablation  258
Catheter insertion  109
Cavitation  115
Cerebral 
 arteries  12, 23
 blood flow  207
Cerebrovascular disease  65

Cervical 
 disc disease  1
 osteoarthritis  1
Chagas disease  67, 292
Chagasic myocarditis  76
Chaotic atrial tachycardia  88
Chest compression  313
Chest computed tomography  124
Chest pain  1, 240
 acute  21, 290f
 causes of  1
 common causes of  1
 evaluation of  1
Chest pain, pleuritic  10
Chest radiograph
 lateral  113
 normal lateral  105
 normal posteroanterior  104, 104f
 posteroanterior  104, 106
Chest wall 
 abnormalities  116
 pain  1, 2
Chest X-ray  165, 232
 interpretation  104
Cheyne-Stokes respiration  6
Chlorthalidone  33, 34, 190
Cholecystitis  218
Cholelithiasis  218
Chordae tendineae, rupture  235, 241
Chorea  241
Cicatrization atelectasis  118
Circus movement tachycardia  91
Cirrhosis  8, 100, 250
 biliary  215
Clarithromycin  188, 217, 271
Clopidogrel  188, 194
Clostridia  202
Coalescence  117
Cocaine  92
Cocoa  305
Coenzyme  306, 307
Colchicine  194
 plus conventional therapy  200
Collagen disease  197
Combination pill chlorthalidone  190
Congenital heart disease, congenital  11, 67, 76,  
  94, 167, 174
Conn’s syndrome  34
Constipation  37
Continuous chest compressions  312
Cor pulmonale  61, 67, 86, 94, 146, 165
Coronary angiography  130, 159, 231
Coronary arteriography  159
Coronary artery  130, 156, 189
 bypass graft  12
 disease  38, 67, 132, 217, 264, 280, 302
  prevention of  128t
 spasm  52, 130, 207
Coronary computed tomography  
  angiography  14, 136
Coronary insufficiency, acute  39
Coronary peripheral artery  23
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Coronary syndrome, acute  159, 167
Corrigan’s pulse  228
Corticosteroid  39
 therapy  200
Corynebacterium  202
Costochondritis  1
Cough  6, 9, 11, 200, 231
 expectorants  11
 suppressants  11
Coxsackie B virus  197, 201, 202
C-reactive protein  242
Crisis, hypertensive  39, 41
Cromolyn  197
Cryptococcus  202
Cyanide metabolism, abnormalities of  40
Cyanosis  11
Cyanotic heart disease, congenital  10
Cyclosporine  188, 217
Cystic fibrosis  121
Cytomegalovirus  201

D
Dabigatran  191
Danazol  188
Dantrolene  197
Daunorubicin  197
Degenerative regurgitation  236
Dense hilum  107
Dextrocardia  45, 59
Diabetes  25, 192, 214, 215, 264
 diagnosis of  264
 mellitus  25, 300
Diabetics new novel therapy  23
Diaphragm  112, 114
 eventration of  112
 flattening of  120
Diaphragmatic pleural calcification  113
Diarrhea  136, 171
Digitalis intoxication  65
Digitalis investigation group  185
Digitalis toxicity  256
Digoxin  65, 169, 170, 185, 186, 190, 194, 217,  
  251, 258, 259, 260
 immune fab  171
 randomized assessment of  169
 toxicity  171
  causes of  171
  clinical evidence of  171
  management of  171
Dihydropyridines  31
Diltiazem  37, 65, 188, 194, 216, 258, 260
Dipeptidyl peptidase-IV inhibitors  271
Discoid atelectasis  118
Disopyramide  65, 98, 164, 282, 283
Diuretics  28, 32, 34, 167, 183
Dizziness  136, 240
Dobutamine  131
Doxazosin  30, 39
Duchenne muscular dystrophy  67, 76, 83
Duroziez’s sign  228
Dysfunction, diastolic  167, 307

Dyskinetic cilia syndrome  125f
Dyslipidemias, secondary  215
Dyspnea  5, 11, 200, 287
 acute  4, 166
 pathophysiology of  4

E
Echocardiogram  293
 transthoracic  177, 204
Echocardiography  167, 204, 222, 232, 236, 240,  
  287, 291, 292
 transesophageal  178, 204, 226, 227f
Echovirus  197
Eclampsia  39
Edema  8, 8t
 airspace  119
 alveolar  119
 interstitial  119, 165
 interstitial pulmonary  111f, 165f
 pulmonary  6, 115, 118, 119f
Eisenmenger syndrome  319f
Ejection fraction  36, 167, 187, 285, 307
Electrocardiogram  1, 44, 197, 315
Electrocardiography  13, 20, 167, 222, 228, 232
Electrolyte  63
 abnormalities  65
Electromechanical dissociation  311
Elevated low-density lipoprotein cholesterol,  
  management of  215
Embolic protection devices  226
Embolization, systemic  241
Empagliflozin  272
Emphysema  76
 mediastinal  1
 pulmonary  115, 120
Emphysematous bullae, Large  120f
Enalapril  184, 189-191
Encephalopathy, hypertensive  39
Endocardial thickening  288f
Endocarditis  177, 179, 197, 235, 236, 241
 bacterial  177
 infective  177, 182, 228
 nosocomial 177
 subacute  235
Endomyocardial fibrosis  67, 287, 288f, 289f
 tropical  287
Enterococci infections  177
Enterovirus  201
Epinephrine  313
Episode, acute  259
Eplerenone  158, 167, 172, 173, 183
Epstein-Barr virus  197, 201, 202
Erosion  129fc
Erythema marginatum  241
Erythrocyte sedimentation rate  242
Erythromycin  188, 217
Esmolol  194, 206, 257
Esophageal dysfunction  125f
Esophagitis  4
Esophagus, ruptured  94, 256
Estimated glomerular filtration rate  33, 169, 186

European Society of Cardiology  28, 137
European Society of Hypertension  28
Exercise stress test  13
Ezetimibe  159, 215, 217, 275

F
Fabry’s disease  65
Familial homozygous disease  214
Familial restrictive cardiomyopathy  288f
Fascicular block, left anterior  70, 72f
Fast rate tachycardias  246
Fasting blood glucose  192, 270
Fasting plasma glucose  264
Fatigue  240
Fenofibrate  216
Fenofibric acid  216
Fever  200, 241, 242
 rheumatic  65, 150, 197, 241
Fibrates  217
Fibrillation, ventricular  17, 18, 128, 132, 132fc,  
  298, 302, 302fc, 311
Fibrosis  107
 pulmonary  4, 118
 subvalvular  235
Fine needle aspiration biopsy  121f
Finger pulsations  228
First-degree atrioventricular block  100, 251
Flail posterior mitral valve leaflet  238f
Flavanols  305
Flecainide  259
Fleischner sign  123
Fluconazole  216, 271
Fludrocortisone  212
Fluid, aspiration of  117
Fucloxacillin  178, 179
Fungal origin, acute pneumonia of  117
Furosemide  183

G
Gastroesophageal reflux  9
Gastrointestinal 
 disturbances  218
 origin, pain of  2
 procedures  182
Gemfibrozil  188, 216
Gentamicin  178, 179
Ginkgo biloba  306
Gliclazide  193, 271
Glomerulonephritis  215
Glycated hemoglobin concentration  25
Glycemia reduction  271
Glycogen storage disease  65
Gonococcus  200
Granulomatous infection  118
Great vessels  1
Greater septal hypertrophy  281f
Gruppo Italiano Per Lo Studio Della  
Sopravvivenza Nell’infarto Miocardico Trial   
  156, 189
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H
Haemophilus influenzae  177
Hamartomas, typical of  121
Headache  218
Head-up tilt testing  212
Heart 
 attack  289
 block  150
  complete  103f, 255f
 disease  32fc, 65, 95f, 244
  acquired  67
  coronary  13, 30, 69, 164, 270, 297
  ischemic  2, 12, 62, 65, 70, 73, 94, 164,  
  236, 251
  rheumatic  65, 67, 239
  signs of  1
  symptoms of  1
  valvular  73, 86, 94, 174
 failure  12, 28, 164, 167, 169, 171, 173, 177,  
  183, 232, 256, 305, 308
  causes of  164
  congestive  4, 6, 8, 69, 94, 164, 183,  
   256, 307
  diagnosis  166
  refractory  173
  signs  110
  studies  267t, 298t
 hypertrophy of  278, 284
 muscle disease  86, 94
 outcomes prevention evaluation  37
 rate  64
Heartbeats, rapid  244
Heat edema  8
Hemiblock, Left anterior  73f
Hemidiaphragm, elevation of  118
Hemochromatosis  150
Hemoptysis  10, 231
 evaluation of  124
Hemorrhage  109
 intracranial  146, 157
 mediastinal  123
 pulmonary  117
 splinter  177
 subarachnoid  39, 100, 130, 146, 250
Heparin  157
Hepatitis  218
Hering-Breuer reflexes  4
Herpes zoster  1
Hiatus hernia  1
 fixed  115f
High-density lipoprotein-cholesterol  215
Hila  106, 124
Human herpesvirus  201
Human immunodeficiency virus  177, 188,  
  197, 216
Hydralazine  41, 173, 185, 197, 287
Hydrochlorothiazide  33, 190
Hydrophilic beta-blocker  36
Hypercalcemia  65, 170
Hypercholesterolemia  135, 215
Hyperglycemia  273

Hyperkalemia  65, 78, 130, 170, 172, 183, 186
 mild  78
 severe  78
Hyperlipidemia 
 diagnosis  214
 management  214
Hyperlucent lung  116
Hyperparathyroidism  65
Hypersensitivity reactions  218
Hypertension  28, 35, 38, 67, 73, 94, 135, 150,  
  164, 190, 214, 296
 effects of  28
 perioperative  39
 primary pulmonary  109
 pulmonary  1, 61, 207
  venous  10, 118
 refractory  40
 resistant  39
 secondary pulmonary  109
 severe pulmonary venous  6
 systemic  29f
 systolic  34
 treatment of  33, 34
Hypertrophic anterior costal cartilages  106
Hypertrophy  167, 278, 279
 asymmetric  278
Hyperventilation states  5
Hypoglycemia  193
Hypokalemia  78, 98, 170, 186, 250, 256
Hypomagnesemia  98, 170, 186, 250, 256
Hypotension  150, 169, 204
 orthostatic  212
 persistent  39
Hypothermia  130, 145
Hypothesis  160
Hypothyroidism  65, 170, 186, 215, 251
Hypoxemia  4, 94, 170, 256

I
Ibutilide  260
Idarucizumab  191
Idiopathic restrictive cardiomyopathy  287f
Implantable cardioverter defibrillator  174
Indinavir  217
Infective endocarditis, diagnosis of  182
Influenza  197, 201, 202
Infracardiac translucency  120
Insecticide poisoning  250
Insomnia  171
Intensive care unit  155
Interlobar fissures, thickening of  119
Interlobular septa, thickening of  119
Intermediate bronchus  104f, 109f
Interstitial lung disease, diffuse  115, 122
Interventional therapy  20
Intracellular cyclic guanosine  
  monophosphate  305
Intravenous propranolol dose  149
Intraventricular conduction
 defect  81
 delay  65, 174, 247

Irbesartan  184, 190, 191
Irregular narrow QRS tachycardias,  
  causes of  86
Irregular rhythm  244, 251f
Ischemia  76, 256
 anterior  22f
 anterolateral  64f
 chronic  164
 recurrent  21
Ischemic attack, transient  296
Isoniazid  197
Isosorbide 
 dinitrate  18, 185
 mononitrate  18
Itraconazole  188, 216, 217
Ivabradine  20

J
Jaundice, obstructive  215
Jones criteria  241
Jugular venous pressure  3, 6, 8, 165, 199, 284

K
Kawasaki disease  151
Ketoconazole  188, 216, 217, 315f
Kidney disease  215
Kussmaul breathing  6
Kyphosis, thoracic  120

L
Labetalol  40, 206
Laryngismus  5
Left atrial hypertrophy  80f, 223f
Left atrium  178f, 202, 221, 224, 225, 229, 230,  
  233, 234, 237, 238
Left bundle branch block  44, 52f, 57f, 67, 70f,  
  130, 144, 145, 151f, 174
 genesis of  69f
Left hilum  108f
Left paravertebral
 opacity  112f
 soft-tissue  111f
Left posterior fascicular block  70
Left pulmonary artery  105f
Left upper lobe cavity  125f
Left ventricle  178f, 202, 224, 225, 229, 230, 233,  
  234, 237, 238
Left ventricular 
 aneurysm  130, 164
 chamber dimensions  228
 dysfunction  17
 ejection fraction  174
 failure  4, 39, 226
 hypertrophy  28, 71, 130, 143, 222, 223f
  causes of  73
  diagnosis of  72
  typical of  75f
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 outflow tract  228, 279, 282
  pressure gradient  281f
Legionella pneumonia  117f
Lidocaine  171, 195
Lignocaine  195
Limb, descending  223f
Lines of Kerley  119
Lipids, abnormal  214
Liquid protein diets  65
Lisinopril  30, 184, 189-191
Liver disease  215
Lobar fissures, displacement of  118
Long QT syndrome  207, 213
Losartan  168, 173, 184, 187, 190
 heart failure survival study  168
 intervention for endpoint reduction  38
Low molecular weight heparin  167
Low-density lipoprotein  214
 cholesterol  12, 127, 128, 128t, 214, 215, 223,  
  265, 266, 297
  elevation, causes of  215
Lower thoracic aorta  115f
Lung  124
 abnormalities  116
 biopsy, assessment for  124
 cancer, staging of  124
 disease, chronic restrictive  124
 fields  106
 overinflation of  120
 parenchyma  106, 115
 tumor  1
 unilateral hyperlucency of  115, 116
 volume, normal  117
Lupus erythematosus  200
Lyme disease  202
Lymphatic obstruction  8
Lymphoma  117

M
MacLeod’s syndrome  116
Macrolide antibiotics  217
Magnesium sulfate  262, 314
Magnetic resonance imaging  203, 204
Maiden hair tree leaf extracts  306
Main pulmonary artery  105f
Major blood vessel, acute disruption of  311
Malaria  202
Malignant hypertension, accelerated  39
Manubriosternal junction  105f
Masses, pulmonary  115, 121
Massive right pleural effusion  112f
Mechanical obstruction, acute  311
Mediastinal primary tumors, anterior  114f
Mediastinum  124
 anterior  113
 divisions of  106f
 posterior  105, 114
 superior  105, 115
Meningococci  202
Meningococcus  200
Mental confusion  171

Metastatic infection  177
Metformin  192, 270
Methadone  92
Methicillin-resistant Staphylococcus aureus  179
Methicillin-sensitive strains  179
Methysergide  197
Metolazone  183
Metoprolol  18, 36, 133, 149, 153, 159, 170, 185,  
  187, 188, 194, 206, 244, 258, 260, 267, | 
  298, 299, 312
 succinate  172, 190
Miconazole  271
Microalbuminuria  192
Midodrine  212
Minoxidil  197
Mitral and aortic annular calcification  225f
Mitral leaflet, anterior  233f
Mitral regurgitation  164, 235, 236, 238, 240, 278
 acute  235
 chronic  236
 severe  221, 229f, 240
Mitral stenosis  6, 67, 76, 119, 165, 207, 231, 233f
 mild  231
 moderately severe  231
 rheumatic  235f
 severe  221, 231
Mitral value  178f, 234, 240, 279
 apparatus  235
 disease, rheumatic  94
 prolapse  65, 207, 235, 239
  severe  182
  syndrome  2
 systolic anterior motion of  280, 281f, 282f
Mobile coronary care ambulances  155
Mobitz type atrioventricular block  100, 254
Monotherapy  179
Multifocal atrial tachycardia  81, 86-88, 94,  
  246, 261
Multifocal ventricular premature beats  84f, 85f
Multiple masses  121
Mumps  197, 202
Murmurs, presence of  7
Muscle pump, loss of  8
Muscular pain  1
Myalgia  218
Myasthenia gravis  124
Mycobacteria  202
Mycoplasma  197
Myectomy, septal  283
Myocardial 
 contraction  17
 disease  167
 fibrosis  293f
 infarction  1, 3, 19, 28, 39, 44, 127, 129f, 130,  
  132, 194, 204, 217, 264, 302, 315
  acute  1-3, 86, 135, 153, 164, 186, 189,  
   197, 214, 235, 281f, 311
  acute anterior  54f, 55f, 140f, 142
  acute inferior  53f, 55f, 137f, 138f, 253
  fatal  12, 127, 132fc, 160, 302fc
  inferior  60f, 89f, 142, 207
  inferolateral  280f
  long-term evaluation, survival of  158, 189
  nonfatal  12

 ischemia  12, 13
  anterior  21f
  chronic phase of  86
  ECG hallmarks of  76
 perfusion imaging  14
 revascularization  159
 rupture  311
 stunning, transient  290f, 303f
Myocarditis  63, 65, 67, 170, 201
 acute  76, 130, 202, 253
Myocardium  1, 292f
 hypertrophied  226
Myopathy  218
Myopericarditis  150
Myxedema  197
Myxomatous mitral valve prolapse  94, 236

N
Nadolol  194
Nafcillin, combination of  178
Narrow complex tachycardia  89
Narrow QRS irregular tachycardia  246
 management of  259
Narrow QRS regular tachycardia  246
 management of  256
Narrow QRS tachycardia  79, 86
National Institute of Health  33, 299
National Osteoporosis Foundation  309
Native valve endocarditis  178
Nausea  136, 171
Nebivolol  172, 185
Nefazodone  188
Nelfinavir  217
Nephrotic syndrome  8, 215
Nerve route pain  1
Neuritis, intercostal  1
Neurologic disorders  8
New York Heart Association  168, 169, 283, 307
Niacin  217, 219
Nicorandil  19
Nicotinamide adenine dinucleotide  306
Nicotine  15
Nifedipine  19
Night sweats  11, 200
Nipple shadow  106
Nitric oxide  305
Nitroglycerin  18, 77, 267
 sublingual  18
Nitroprusside  205
Nodal premature beats  81
Nodules  121
 pulmonary  106
 subcutaneous  241
Nonatelectatic lung  118
Noncardiac disease  174
Non-Hodgkin’s lymphoma  114f
Non-ST-elevation 
 acute coronary syndrome  19
 myocardial infarction  21, 76, 76f, 130, 290
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Nonsteroidal anti-inflammatory drugs  7, 8, 39,  
  164, 200, 271
Non-ST-segment elevation myocardial  
  infarction  159

O
Obesity  8
 abdominal  214
Obstructive cardiomyopathy, hypertrophic  182
Obstructive coronary artery disease  12
Obstructive pulmonary disease, chronic  4, 5,  
  15, 31, 109, 190, 256, 300
Optimal medical therapy  15
Oral antihypertensive  40
Oral nitrates  18
Orthopnea  5, 10, 200
Osler’s nodes  177
Oxacillin  178

P
P wave abnormalities  59
Pain
 abdominal  171
 cardiac  1
 location of  136
 pattern  135
 pleuritic  11
Pancarditis  242
Pancreatitis  218
Panic disorders  240
Papillary muscle
 dysfunction  235
 rupture of  235
Parasites  202
Parenchymal consolidation, causes of  117
Paroxysmal atrial 
 fibrillation  194
 tachycardia  87, 88, 253
  ECG hallmarks of  88
Paroxysmal nocturnal dyspnea  6, 234f
Paroxysmal supraventricular tachycardia  195, 258
Patent ductus arteriosus  164
Pediatric cardiomyopathies  278
Penicillin  182
Peptic ulcer  1
Percutaneous coronary intervention  2, 15, 44,  
  136, 151, 152, 188
Percutaneous transluminal coronary  
  angioplasty  23
Pericardial disease  167
Pericardial fat  109f
Pericardial fluid, anterior  202f
Pericardiocentesis  200
Pericarditis  1, 3, 63, 67, 77, 197
 acute  130, 143, 147f, 198f
 consider causes of  197
 constrictive  8, 94, 174
 diagnosis of  77
 neoplastic  200
 tuberculous  200

Perindopril protection against recurrent  
  stroke study  28
Perioperative ischemic evaluation trial  194
Perivalvular abscesses  228
Petechiae  177
Pharyngitis, acute  242
Phenothiazines  65, 98
Phenylephrine  258
Phenytoin  197
Pheochromocytoma  65, 151
Pindolol  194
Pioglitazone  272
Pironolactone  167
Plasma glucose  264
Platelet hyperaggregability  132
Pleurisy  1
Pleurodynia  1
Pneumococcus  200
Pneumonia  1, 2, 4
Pneumothorax  1-3, 118
Polyarthritis  241
Popcorn calcifications  121
Postmediastinoscopy  109
Postmyocardial infarction  133t, 267t
 maintenance management of  187t
Postpericardiotomy syndrome  195
 prevention of  194
Post-thoracotomy  94
Potassium efflux  44f
Premature beats  244
Pressure, pulmonary venous  6
Presyncope  240
Prinzmetal angina  23, 77, 130
Procainamide  65, 92, 98, 164, 195, 197, 262
Prominent thrombi  286f
Propafenone  259
Propofol  92
Propranolol  16, 18, 36, 132fc, 133, 153, 158- 
  160, 170, 187, 188, 258, 267, 282, 298,  
  300, 302fc, 312, 314
Prosthetic valve  179
 dysfunction  207
Protease inhibitors  217
Proteinosis, alveolar  117
Pseudomonas aeruginosa  177
Pulmonary edema
 acute  39
 alveolar  117
 cardiogenic  118
Pulmonary embolism  1, 2, 4, 10, 67, 78, 122,  
  167, 207, 256
 diagnosis  122
 without infarction  123
Pulmonary emphysema, evaluation of  124
Pulmonary hila
 displacement of  118
 haziness of  119
Pulmonary hypertension, causes of  76
Pulmonary neoplasms, search for  124
Pulmonary vessels, loss of sharp  
  definition of  119
Pulseless ventricular tachycardia  311
Pyrexia  2

Q
Q waves, causes of  53
QRS complex, genesis of  44
QRS tachycardia  88f
Quincke’s sign  228
Quinidine  65, 98

R
Rabbit ear  83
Radiation fibrosis  118
Radiographic technique  116
Ramipril  159, 184, 187, 189, 190, 269
Randomized clinical trials  16, 28, 215, 222, 296
Randomized controlled trial  25, 168, 184,  
  306, 313
Ranolazine  19
Rash  218
Rate pressure product  16
Raynaud’s phenomenon  125f
Reciprocal depression  130
Recurrent laryngeal nerve, compression of  10
Recurrent pulmonary embolism  76
Reflux 
 esophagitis  1, 2
 syndrome  4
Regular narrow QRS tachycardias, causes of  86
Regurgitant fraction  236, 238
Regurgitation
 mild  229
 moderate  229
Rehabilitation  160
Renal artery stenosis  39
Renal dysfunction  39
 acute  39
 postoperative  133
Renal failure  28, 197
 chronic  215
Renin angiotensin system  300
Respiratory distress syndrome, acute  4, 5
Respiratory system  3
Reteplase  157
Reticular pattern  122
Reticulonodular pattern  122
Retrosternal airspace, increased size of  120
Retrotracheal triangle  105f
Rhabdomyolysis  150, 218
Rheumatic fever  253
Rib fracture  1
Right atrium  104f, 109f, 202, 221, 234, 237, 238
Right bundle branch block  44, 51f, 65, 67, 72f,  
  73f, 77f, 83, 151f
Right heart border, blurring of  110f
Right hilum  108f
Right innominate vein  104f, 109f
Right lower lobe collapse  119f
Right main bronchus  104f, 109f
Right upper lobe 
 artery  104f, 109f
 collapse  119f
 vein  104f, 109f
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Right ventricle  178f, 202, 221, 230, 234, 237, 238
Right ventricular hypertrophy  61, 62f, 67, 73,  
  83, 319f
 causes of  76
 diagnosis of  73
Right ventricular infarction  144
Ritonavir  217
Rivaroxaban  191
Rosiglitazone  272
 medication  269
Rosuvastatin  188, 216
Rubella  197

S
Saquinavir  217
Sarcoidosis  150, 292, 293f
 pulmonary  107f
Schistosomes  202
Scleroderma  150, 197
Sclerotic foci  106
Scorpion sting  146
Second Chinese Cardiac Study  194
Septal ablation, alcohol-induced  283
Septal defect, ventricular  164
Septal hypertrophy, asymmetric  279f
Septicemia  197
Septum, severe thickening of  282f
Serratia marcescens  177
Shock  150
 cardiogenic  131, 132
Short QT interval, causes of  65
Shortness of breath, causes of  5t
Sick sinus syndrome  37, 94, 207, 212, 251, 256
Sildenafil  217
Silhouette sign  109
Simvastatin  188, 217
Sinus 
 arrhythmia  79, 79f
 bradycardia  80f, 100, 250
  causes of  251
 node dysfunction  207
 of Valsalva  237f, 311
 rhythm  51f, 54f, 61f, 62f, 69f, 89
 tachycardia  82f, 86, 87f, 147f, 198f, 241, 285
Sitosterol  159, 194, 265, 273
 blood levels, reduce  275
Sitosterolemia  218
Skeletal mass, low  170
Small peripheral bronchial carcinoma  108f
Snake venom  151
Sodium 
 glucose cotransporter 2  272
 influx  44f
 nitroprusside  40
Soft tissues  105, 106
Sotalol  36, 65, 98, 194, 259, 260
Spironolactone  33, 34, 172, 173, 174, 183, 190
Stable angina  1, 12, 13
Staphylococcus aureus  177
 endocarditis  179
Staphylococcus infections  177

Starry-sky speckled appearance  292f
Statins  16, 22, 188, 266, 307
 adverse effects  216
Status asthmaticus  289
Stenosis, pulmonary  61, 76, 164, 207
Sternoclavicular joint pulsation  204
Stokes-Adams attacks  212
Strenuous exertion  132
Streptococcus 
 gallolyticus  178, 179
 mitis  177
 viridans  177
Streptokinase  157, 189
 global utilization of  156
Stress  14
 cardiomyopathy  130, 131, 146, 289
 echocardiography  14
Stroke  12, 29, 177, 274, 289
 fatal  28
 nonfatal  28
 volume  207
ST-segment depression  57
ST-segment elevation  51
 causes of  130
 myocardial infarction  128, 142, 197
Sudden cardiac death  17, 129fc, 160, 170t,  
  188t, 282, 300, 312t
Sulfa drugs  271
Sulfonamides  271
Superior vena cava  104f, 109f
 obstruction  6
Surgery, thoracic  197
Surgical open commissurotomy  235
Swyer-James syndrome  116
Syncope  204, 207, 213, 240
 cardiac causes of  207t
 consider causes of  207
Systolic anterior motion  278
Systolic blood pressure intervention trial  29
Systolic function, normal  167
Systolic hypertension
 mild to moderate  31f, 32fc
 severe  39

T
Tachyarrhythmia  98f, 150, 207, 246
Tachycardia  81, 88f, 89
 supraventricular  81, 100, 207, 246
 ventricular  81, 96, 97, 97f, 98f, 156, 171, 195,  
  246, 262
Takotsubo stress cardiomyopathy  150, 289,  
  290f
Telaprevir  216
Telithromycin  188
Telmisartan  168, 184
 randomized assessment study  168
Tenecteplase  157, 189
Tension pneumothorax  2
Terfenadine  98, 250
Tetralogy of Fallot  76
Thiazide  34, 183

Thiazolidinediones  272
Thromboembolism, venous  167
Thrombolytic agents  155, 156
Thrombolytic therapy  76, 153, 156
Thromboprophylaxis  167
Thromboxane  16
Thrombus  207
 formation  288f
Thymoma  114f
Thyrotoxicosis  94, 256
Timolol  17, 18, 36, 131, 132fc, 133, 153, 158- 
  160, 170, 187, 188, 267, 302fc
 study  300
Tissue plasminogen activator  156, 189
Torsades de pointes  65, 98, 207, 250, 262, 314
Torsemide  173
Toxoplasma  202, 173
Trachea  104f, 105f, 107, 109f
Tracheobronchial tree  104, 107
 compression of  10
Trandolapril  159, 189, 190
Transcatheter aortic valve replacement  226, 227f
Transthoracic echocardiography,  
  two-dimensional  286f, 291f, 293f
Traube’s sign  228
Trauma, severe  146
Treadmill exercise test  13
Tricuspid 
 stenosis  61
 valve  221, 230, 239
Tricyclic antidepressants  65, 98
Trifascicular block  71
Triglycerides  218, 267
Trilipix  216
Trimetazidine  20
Troponins  21
True posterior infarction  76, 83
Trypanocidal therapy  293
Tuberculosis  197, 200
Tuberculous pneumonia, acute  118f
Tumor, large esophageal  115f

U
Unstable angina  1, 3, 12, 20
Uremic pericarditis  200
Urinary tract infection  272
Urine testing  192, 193
Valsalva maneuver  256
Valsartan  169, 184
Valve 
 area index  233
 disease  221, 228
 leaflets  235
 replacement  235

V
Valvular disease  164
 absence of  167
Valvulitis  241
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Vancomycin  178
Varicella  197
Vascular disease, peripheral  265, 274
Vasculitis  197
 systemic  150
Vasopressin  314
Venous waves, abnormal  3
Ventricular premature beats  81, 81f, 83, 84f, 85f,  
  86f, 194, 244, 244f, 245f
 causes of  86
Ventricular tachycardia
 nonsustained  85f, 207, 253f
 sustained  207
Verapamil  37, 65, 188, 251, 257, 283

Viral infections  197
Viral origin, acute pneumonia of  117
Viridans streptococci  178
Vision, blurring of  171
Vitamin K1  260
Vomiting  136, 171
Voriconazole  216

W
Warfarin  191, 216, 217
Weight loss  11, 171, 200
Wenckebach phenomenon  99f

Westermark’s sign  123
Wheeze  231
Wide QRS irregular tachycardia  246, 249
 management of  262
Wide QRS regular tachycardia  246, 247
 management of  262
Wide QRS tachycardia  81, 95
Wolff-Parkinson-White syndrome  65, 67, 73, 
79, 83, 86, 89, 89f, 90f, 98f, 100, 143, 207, 246, 
249f, 256, 311

Z
Zofenopril  159, 189, 190
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