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Preface

This book aims to provide an easily read general account of clinical cardiology. It is
primarily designed to meet the needs of medical students, but should be helpful to
advanced students in nursing and paramedical fields, as well as providing a review text for
medical interns and residents. The book may help to practice modern medicine in a
humane way. This means utilizing all possibilities available, but, at the same time,
recognizing their limitations. Since progress in the field of cardiology advances rapidly
the physician can only keep up with it by understanding diagnostic and therapeutic
measures rather than by memorizing multiple facts.

The need for a book such as this one has already been proven by the wide acceptance in
Europe of the first two German editions (authored by M.K.). Indeed, this success
prompted the collaborative effort represented here. Along with the translation into
English, the authors have tried to maintain an international perspective, in tune with the
greater global awareness and cooperation of the 1990s.

The book is based on knowledge gained from practical experience and also from
lecturing and post-graduate training in a variety of different countries. We wish to
express our sincere thanks to our families, our students, and our colleagues in the
departments of cardiology of the Johann-Wolfgang-Goethe University Hospital (Frank-
furt), the Mayo Clinic (Rochester, Minnesota), and the Watson Clinic (Lakeland,
Florida). This work is in no small measure the result of cooperation and teamwork of
many years’ standing with members of departments of internal medicine, cardiovascular
and thoracic surgery, anesthesiology, radiology, pathology, physiology and nuclear
cardiology, and we are grateful for these team efforts. We also wish to express our deep
appreciation to the publishers for their constant support and guidance.

August 1991 Martin Kaltenbach
Frankfurt, FRG
Ronald E. Vlietstra
Lakeland, Florida, USA



Foreword

Despite recent encouraging trends, cardiovascular disease remains the most common
cause of death, disability and hospitalization, and among the most frequent forms of
serious illness in the industrialized world. The teaching of contemporary cardiology is a
formidable challenge given the striking advances in so many disciplines, both basic and
clinical, that have transformed the field in the last two decades. To aid in the education of
the specialist a number of detailed, often encyclopedic texts of high quality are now
available. In addition, numerous fine monographs on special aspects of cardiology have
been published, again for the cardiologist. However, given the sheer magnitude of the
problem of cardiovascular disease the vast preponderance of the care of patients with
cardiovascular disease is now delivered, not by cardiologists, but rather by internists and
family practitioners.

The detailed and the specialized monographs of cardiology are not the appropriate
vehicles for the education of medical students, residents, and general physicians in this
very important — and by far the largest — subspecialty of internal medicine. Even the fine
textbooks of internal medicine that are now available are not quite up to this task,
because the practice of clinical cardiology, more than that of any other medical specialty,
is dependent on laboratory investigations which provide either graphic tracings or
images. Therefore, the teaching and learning of cardiology are heavily dependent on
high-quality illustrations, and the space for such material in textbooks of general internal
medicine is of necessity quite limited.

Concise Cardiology written by Kaltenbach and Vlietstra, two master cardiologists and
clinical investigators, thus fills a very special need in cardiologic education. Itis, asits title
implies, concise, but nonetheless complete. No really important facet of the field is
neglected. Difficult concepts are presented with great clarity. The 125 illustrations are
clear, judiciously selected, and prepared with care. The emphasis throughout the book is
placed on accurate concepts and modern principles underlying the diagnosis and
treatment of cardiac patients rather than on details.

A unique strength of the book is its blend of the best of European and North America
cardiology. Drs. Kaltenbach and Vlietstra have rendered a most important service to
cardiology by preparing this elegant introduction to the field. It is highly recommended
to students, residents, and general internists, and will also prove to be of value to
cardiovascular specialists who would be well advised from time to time to touch base with
the fundamental principles of their field.

August 1991 Eugene Braunwald, M.D.
Boston, Massachusetts, USA
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1 Importance of cardiovascular diseases for morbidity
and mortality

In past centuries infectious diseases, infant mortality and nutritional diseases were the
leading causes of death, whereas in recent times, cardiovascular diseases have become
the major killers in developed countries (in 1985 51%, and in 1988 49.7% of deaths in
West Germany were due to cardiovascular disease, and in the United States the
percentage was 43% in 1988). Cardiovascular diseases are consistently being recognized
as the number one cause of death in various countries. There are, however, marked
differences between various countries. The mortality rate of coronary heart disease, for
example, is much higher in the United States and Europe than it is in Asian countries
(Table 1).

Variations are also present within Europe. Finland heads the European mortality list,
and there are even significant regional differences between its west and east coasts. In the
eastern provinces, mortality rates are very high, whereas in the western regions rates are
similar to elsewhere in Europe. These epidemiologic variations are likely caused by
different genetic predispositions to coronary heart disease possibly compounded by
differences in behavior such as cigarette smoking habits.

The most frequent causes of death due to cardiovascular diseases arise from coronary
artery disease and cerebrovascular disease. They are not only the main causes of
mortality, but also of morbidity and disability. Unfortunately, death due to cardiovascu-
lar disease frequently does not occur at the end of the biologic life span, but often occurs
well below the age of 65.

Over past centuries biological life limits have not altered much; there have always
been people who have lived to be 90-100 years old. What has changed remarkably is the
statistical probability of living to or near to the biological age limit. More and more
people are now living into their eighties and nineties. Significant further progress can be
achieved only if the main causes for premature death are successfully controlled, by
prophylaxis and/or therapy.

Cardiovascular diseases have been gaining considerable ground throughout the world
since 1940. In a few countries, however, they have declined during the past 20 to 30 years.
In the United States, there has been a decrease of some 40% during this time. In
Germany this trend is not clearly evident. Figures 1a and 1b show the mortality rates of
ischemic heart disease in West Germany for the last 20 years (1968—1988). Mortality
rates eventually level off from 1978 onwards, remaining unaltered if referred to total
population (Fig. 1a). A considerable change, however, can be found within different age
groups (Fig. 1b). Mortality rates are steadily declining in the younger age groups, yet
clearly increasing in the higher ages, from 75 years onwards.

The interpretation of all these figures has to be tempered by the fact that diagnosing
coronary heart disease has become easier over recent years with the development of new
sensitive diagnostic techniques. On the other hand, coronary arteriography, which has

1



Table 1. Mortality rate of coronary disorders in several countries after Epstein (from Krayenbiihl and
Kiibler [2])

Mortality*
(p. 100000, p. year)
Country Men Women
45-54 55-64 45-54 55-64

Finland** 421 1007 44 222
Scotland 393 929 86 339
England and Wales 291 723 51 203
Ireland 279 740 65 246
Czechoslovakia 227 629 40 205
Denmark 214 630 41 179
Norway 202 583 24 115
Hungary 198 487 51 193
Netherlands 194 534 32 122
Belgium 173 476 29 122
Austria 161 461 29 117
West Germany 159 496 27 117
Poland** 152 324 22 84
Italy** 128 327 22 92
Bulgaria 120 363 32 149
Switzerland 118 313 17 60
German DR 113 323 19 91
Jugoslavia 106 270 31 102
Rumania** 80 214 25 99
France 78 227 10 52
USA 292 779 71 253
New Zealand 287 830 54 255
Australia 285 783 74 251
Israel 175 561 53 297
Japan 30 96 8 39

* in 1975 or 1976 except for ** 1974 or 1975

now been used for 30 years, has refined diagnostic accuracy. Many patients with
suspected coronary artery disease have been found to actually have normal coronary
arteries and their problems have really been caused by a noncardiac disorder or primary
myocardial disease.

Disorders of the coronary arteries with clinical manifestations such as angina pectoris,
myocardial infarction, left ventricular dysfunction, and cardiac arrhythmia are the most
frequent disease entities, followed by cerebrovascular disorders producing ischemia
(transient ischemic attacks) and infarction (stroke). There is a clear correlation between
the frequency of strokes and the presence of systemic hypertension, but there is not such
a strong association with coronary artery disease. Furthermore, antihypertensive
therapy reduces the incidence of stroke, but does not decrease the incidence of
myocardial infarction.

For the time being, the fight against coronary heart disease — the “black plague” of the
20th century — must incorporate a variety of elements, including prevention and early
diagnosis. With a view to effective prevention, it is essential to address and instruct the

2
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young and those not yet afflicted. Intimidation and deterrents are not the best approach.
They should be abandoned in favor of positively encouraging patients to embrace a
healthy lifestyle.

Statistics from the Johns Hopkins University in Baltimore have revealed an optimistic
trend among medical staff — doctors themselves have stopped smoking; in 1955, some
60% of doctors were smokers whereas 30 years later (in 1985) only a small percentage
(2%) were still smoking. The nursing staff followed this trend with a drop from 60% to
30%, yet still lagging behind the doctors. The decline of doctors’ and nurses’ smoking
habits is now spreading from medical students to students of other disciplines and to the
population at large.

People pay particular-attention to the personal habits of doctors and medical students,
thus allowing them to act as role models. The ancient saying “latros gar aner pollon
antaxios allon” (meaning: the doctor — and the medical student, must set an example to
many people) which guided doctors in antiquity has not lost its inner truth.



2 History taking and physical examination

2.1 History

History taking has remained the richest source of information — the “key” to diagnosis —

not only for internal medicine, but for all aspects of patient care. Hence, the accuracy of

information provided by the history directly influences the quality of subsequent
treatment.

Itis essential to develop the case history in accordance with the psychic emotional, and
biologic characteristics of each individual patient. Doctors have to bear in mind that they
are concerned, not only with objective parameters, but also with each patient’s own
subjective characteristics. The committed physician never ceases to refine his skill in
obtaining the case history. The medical student is advised to start his training as early as
possible. The following sequence of questions might be of some help:

1) Referring to the present disease: Why are you here? When did the problem start?
How does it affect you? Questions should be directed to the present symptoms and
their prior treatment. Are there associated cardiac symptoms such as chest pain,
palpitations, shortness of breath, syncope?

2) Past illnesses, hospitalizations, operations, accidents, medications, allergies, drug
use.

3) Family history including questions about diseases and cause of death of parents,
siblings, cohabitants, the respective husbands and wives, and children; about
cardiovascular diseases, metabolic disorders, and known hereditary diseases.

4) Social history with inquiry into the family, home environment, profession, social and
financial situation. How a patient views his disease is very often a clue to the
psychosocial aspects of his disease. Relating biographical events to the occurrence of
specific diseases or symptoms may give hints of possible causes or trigger mechanisms
of the disease.

5) Systematic inquiry into vital functions including appetite, eating habits, weight
history, bowel movement, micturition, sexual activity, sleep quality, smoking habits,
coughing, sputum production.

It is of utmost importance to thoroughly record these findings. The order of the record

generally corresponds to the order in which the questions will be asked. A typical

example from a German medical center is given in Fig. 2.
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sequence of history taking, beginning with questions on the present illness and ending with the family

history.



2.2 Physical examination

The medical examination starts with an assessment of body weight and height and
continues with a general inspection of the patient. Any pronounced features revealed by
the general inspection of the patient’s appearance and constitutional type should be
recorded. A more focused general examination then follows, remembering that even
though the patient may present with cardiovascular problems, there may be additional
problems in other organ systems.

The cardiovascular examination usually starts with palpation of the arterial pulses and
measurement of the blood pressure. Frequently, the examiner will evaluate the pulses in
the arms, then the venous and arterial neck pulsations, examine the chest and abdomen,
and finally check the leg pulses and look for peripheral edema. However, we will here
integrate these steps under the classical headings of inspection, palpation, and ausculta-
tion.

2.2.1 Inspection, palpation, percussion

The CV system inspection should include noting pallor (anemia), cyanosis (right to left
shunt), sweatiness (shock) or edema (possible right heart failure). The neck venous
system must be checked for venous pressure elevation which may indicate right heart
failure and for abnormal venous pulsations associated with tricuspid stenosis or
regurgitation, pericardial constriction or complete heart block.

Palpation of the peripheral arterial pulses is a vital part of every general examination.
It should begin with the upper extremities, and using both hands to check both sides
simultaneously, starting with the radial pulses; if there is a doubtful difference between
left and right, palpation should be repeated with elevated arms. Palpation of the pulses of

Fig. 3. Symmetrical palpation of the pos- Fig. 4. Since the course of the dorsalis pedis artery varies

terior tibial artery. considerably, it is advisable to palpate first with the flat of
the fingers (a), and only afterwards with the finger pads
(b).



the feet begins with the posterior tibial pulses, because this artery is always palpable at an
anatomically fixed position behind the medial malleolus (Fig. 3). The dorsalis pedis
artery is quite variable in its course and has to be found by palpating the dorsal aspect of
the foot with the flat of the fingers (Fig. 4). Thereafter, the fingertips can be used alone.
Palpation of the femoral and popliteal arteries and auscultation of the femoral and iliac
arteries is also done. Ratschow’s test may be performed to assess the functional effect of a
circulatory disorder (Fig. 5). If the radial pulse is not palpable on one or both sides, a
similar assessment can be made. The patient lies on his back with elevated arms and
rapidly clenches his fists several times.

) Fig. 5. Ratschow’s test reveals peripheral

circulatory disorders of the legs. The feet are
raised as high as possible. A whitening of the
foot and its digits (sometimes with concomi-
tant discomfort in the calf) is typical for
severe arterial circulatory disorder. A slow
i refilling of the veins and a dull red coloration

(rubor) of the skin after lowering the feet,
“ n especially in the presence of clear differences
between right and left side, is also patho-
logic.

Palpation of the abdomen requires a relaxed abdominal wall. Warm hands, short
finger nails and gentle examination techniques are prerequisites. First, one palpates with
the entire palm for masses or tenderness in all four quadrants. Thereafter, one tries to
palpate more deeply.below the right costal margin, preferably for multiple respiratory
cycles. Palpation pressure should be supported by the second hand. As soon as the
fingertips have reached the lower margin of the liver the patient must breathe deeply with
an open mouth, and the hand moves upwards in order to avoid reflex respiratory breath
holding (Fig. 6). Palpation of the spleen is performed in a similar way, it is often
preferable to examine a patient in the right lateral recumbent position and to push the
spleen with the left hand from dorsal to ventral. The position of the lower edge of the liver
in the midclavicular line is recorded in centimeters below the right costal margin. In the
case of liver displacement, caused for instance by a large lung volume with a lowered
diaphragm, true liver enlargement can be distinguished by percussing and defining the
exact location of the diaphragm.

By palpation, one can usually also recognize any significant enlargement (aneurysm)
of the abdominal aorta. Characteristically, an expansile pulsation wider than 3-4 cm in
the epigastrium or mid-abdomen represents an abdominal aortic aneurysm. This can be
easily confirmed with a B-mode ultrasound scan.

Percussion is used to detect pleural fluid, consolidated lung, and the location of the
lung-diaphragm borders. Only rarely, however, can important diagnostic clues be

7



Fig. 6. Palpation of a the radial pulse and b the liver.

expected from the percussion of the heart. It may be done after determining the position
of the diaphragm and the lower border of the liver. Percussing cardiac dullness may
sometimes help to recognize pericardial effusion.

2.2.2 Blood-pressure measurement

Since Riva and Rocci’s invention of the sphygmomanometer and the detection of arterial
sounds by Korotkoff, routine blood-pressure measurements have been performed non-
invasively with a cuff and a stethoscope. The values obtained noninvasively usually
correlate with pressures measured invasively, if certain rules are observed (Table 2).

The upper limit of normal for an adult’s systemic artery blood pressure is 140/90,
pathologic elevation in blood pressure being above that value. The lower limit of a
normal blood pressure is not determined precisely, but it is approximately 90/50. Lower
values may be obtained in small healthy persons, in some athletes or during sleep. A
borderline elevation in blood pressure can usually be clearly classified as normal or
pathological through multiple readings. The physiological variation in blood pressure at
rest is up to 50 for systolic and up to 20 mmHg for diastolic pressures. In particular, the
diastolic pressure may rise up to 100 mmHg with emotional stress, the systolic value may
rise with exercise to over 200 mmHg, and during heavy exercise even up to 300 mmHg.
Whereas the systolic blood pressure can be measured relatively well during exercise,
measurements of the diastolic pressure with exercise are only reliably done using invasive
methods.

8



Table 2. Technique and procedure of blood pressure measurement.

Technique

— palpate radial pulse on both sides prior to measurement;

— cuff size 12-13 cm;

- calibrated mercury manometer;

place stethoscope with slight pressure on site of the palpated brachial artery;

— check the systolic value of the first measurement by palpation of the radial artery;

determine the diastolic pressure by applying only a slight pressure on the stethoscope (disappearance of
the Korotkoff sounds).

Evaluation
normal 140/90-90/60 mmHg

Procedure

Abnormal values or difference between left- and right-sided radial pulse:
— compare left- and right-sided measurement.

In the case of systemic hypertension:
— repeat the blood pressure measurement several times, when the patient is relaxed;
— auscultate right and left renal artery:

press stethoscope firmly, 5 cm above and lateral to the navel.

The hypertensive patient should be trained in self-measurement. Checking the adequacy of the patient’s
measurement can be done using a stethoscope with two-fold ear parts, where two examiners may listen at
the same time.

A suspicion of coarctation of the aorta or arterial stenosis necessitates blood-pressure
measurements in all extremities. The measurement at the thigh is done with a larger cuff,
whereas measurement at the calf can be done with the normal arm cuff. If peripheral
pulses are palpable, the systolic pressure can be determined by palpation, if not, Doppler
measurement can be applied for the systolic pressures. The capillary method often allows
reliable measuring of systolic blood pressure. For its evaluation, a cuff on the raised thigh
is inflated up to 50 mmHg above the value obtained at arm measurement and is kept up
until the foot turns pale. Thereafter the foot is lowered to heart level and the cuff pressure
reduced until a reddening of the skin is observed. This value corresponds to the systolic
arterial pressure.

Blood-pressure measurements may show a decrease in blood pressure in a diseased
extremity beyond a narrowed arterial segment. This can only be measured in the event of
a vessel narrowing by more than 80% and depends on a number of factors, including the
peripheral vascular resistance, blood flow, and presence of collaterals. When in doubt,
the measurement should be repeated after decrease of the peripheral resistance by
muscular exercise of the diseased area. A Doppler stethoscope may be needed for an
accurate assessment of these lower pressures.

2.2.3 Auscultation

It is best to use a stethoscope with both a membrane and a bell during cardiac
auscultation. The membrane is better for hearing higher pitched sounds and the bell is

9



indispensable in the case of very thin patients, children, and patients with considerable
body hair. Low pitched murmurs and gallop sounds are also better heard with the bell.
The following things should be noted on auscultation: heart rhythm, heart rate,
general amplitude of heart sounds, any accentuation of the heart sounds, extra sounds
and murmurs. Cardiac murmurs can be classified according to intensity or volume,
Grade I/VI to VI/VI (Table 3); to the frequency or pitch, varying from low (rumbling) to
high (hissing); to the site of maximum intensity, and to the direction of any radiation of
the murmur (Fig. 7). Cardiac murmurs should be timed and this may prove rather
difficult in cases with tachycardia, often requiring repeated careful auscultation.

Table 3. Volume of heart murmurs (from: Zuckermann [7]).

Grade I is the faintest that can be detected, often only after several heart beats when
the heart “tunes in”;

Grade II is a faint but readily recognized murmur;

Grade III & Grade IV are intermediate in volume;

Grade V is a very loud murmur, but requires a stethoscope to be audible;

Grade VI is an execptionally loud murmur that can be heard with the stethoscope just

removed from contact with the chest.

According to another method, the examiner is instructed to place the center of the left palm onto the site
of maximum intensity and to determine the volume by feeling the sound vibrations through the hand and
travelling along the radius:

Grade I/VI is a threshold murmur (pianissimo);

Grade II/VI does not cross to the back of the hand (piano);

Grade ITI/'VI penetrates to the back of the hand (mezzoforte);

Grade IV/VI is auscultated above the radiocarpal joint (forte);

Grade V/VI can be heard as far as the upper third of the radius (fortissimo);

Grade VI/VI is a distance murmur that can be sensed from a distance of several

millimeters or even centimeters.

Itis important to recognize any murmur-free interval before or after the murmur onset
and to relate the murmur to the first and second heart sounds and any clicks. Physical
exertion such as repeated sitting up of the patient may clarify difficult ausculatory
findings, but sometimes the development of tachycardia with exercise further obscures
things.

For auscultation of the mitral valve it is helpful to auscultate the patient in the left
lateral decubitus position and to listen between the apex and the left anterior axillary
line. It is often easier to hear the diastolic murmur of aortic insufficiency when the patient
is sitting and bending forward than when he is supine.

The lungs should be ausculted from the top downwards, comparing the findings from
the left and right sides. The asymmetry of the lungs and the bronchial system causes, in
the healthy, small differences in the right and left findings from percussion and

10



P puimonary valve
Tr tricuspid valve

Mi mitral valve

AS aortic stenosis

Al aortic insufficieny
MI mitral insufficiency

Ao aortic valve ( {.é
-
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|

Fig. 7. Areas of auscultation for cardiac valve disease: a normal extension of sound fields, b in left
ventricular hypertrophy, ¢ in right ventricular hypertrophy, and d direction of sound radiation in different
valvular disorders (mod. from [1]).

auscultation. Auscultation of the lungs should include an evaluation of the breath sounds
and any additional sounds.

Systemic hypertension necessitates, besides auscultation of the heart and lungs,
examination of the abdominal aorta, in particular near the origin of the renal arteries
(5cm above and 5 cm left or right of the navel); and if arterial disease is suspected,
auscultation of all great arteries should be performed (Figs. 8, 9). Training in ausculta-
tion is facilitated by the use of a double stethoscope, where two examiners auscultate the
same position and compare the results. Auscultatory findings may be recorded in writing
and then compared with a phonocardiograph.
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b c

Fig. 8. Auscultation of the carotid arteries (a), and the right and left renal arteries (b and c).
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Fig. 9. Areas of auscultation for stenotic murmurs
of the great arteries. Murmurs of the aorta are
audible all the way along the entire length of the
aorta, and thus do not appear on the diagram.

2.2.4 Documentation

Careful documentation of the history and physical examination is not only the basis for
good learning, but it is essential for clinical care. The medical record shown in the

example uses a semi-schematic brief documentation which does not require a lot of time
(Fig. 10).
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Fig. 10. German medical record with semi-schematic documentation.
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3 Cardiovascular testing (except exercise testing, see 4.2.2)

3.1 Electrocardiography

Late in the 18th century an Italian, Galvani, used the frog hind limb to demonstrate that
living tissues generate electrical activity. Just 80 years ago, Einthoven pioneered studies
that showed that the electrical potentials of the heart can be recorded from the body
surface. Now, such a recording, the electrocardiogram (Fig. 11), is the most frequently
used standard cardiovascular diagnostic test. The recorded changes in field potentials

L o o~
P lQRb? ST T u
— RR {

Lpod—ar . )
Normal range: P <0.10 s QT

PQ0.12-0.22 s QTe=JgR

QRS < 0.10s

QT.<050s 60

RR'=0.6-12s Heart rate = R

Fig. 11. ECG-abbreviations and normal values
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from the body surface are about 100-fold smaller than the potentials recorded in the heart
muscle itself, because of conduction disturbance by the air-filled lungs.

The surface potentials obtained are the net instantaneous vectors (summation vectors)
of all the electrical forces occurring throughout the cardiac cycle. It should be kept in
mind that the surface ECG records electrical phenomena and does not reflect the
contractile state of the heart. In certain extreme cases, therefore, a normal ECG can be
recorded when the heart is no longer contracting mechanically due to “electro-
mechanical dissociation”. Despite these limitations electrocardiography has remained a
fundamental diagnostic procedure for detecting cardiovascular disorders, ranging in
importance immediately after the history and physical examination. This is especially
true for the detection of myocardial ischemia (Fig. 12).

Fig. 12. ECG from three patients with exercise-induced angina pectoris. ST-segments were normal on the
rest ECG. However, ischemic ST-depression occurred during exercise. The patients reported angina
pectoris at that time. The ECGs in the right part of the figure were recorded in a research study during
pharmacologic stimulation with the catecholamine-derivative orciprenaline. Symptoms of angina pectoris
and ischemic ECG changes were also evident during the infusion.
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The various components of the electrical activity of the heart are classified using the
letters P, Q, R, S, T, U (see Fig. 11). P-waves represent atrial activity and are very
important in the evaluation of arrhythmias. Large P-waves may reflect overload of one or
both atria. The QRS complexes reflect the sequence of ventricular activation. Changes
are seen with hypertrophy and intraventricular conduction disorders. Loss of potentials
(loss of R-waves or the occurrence of Q-waves) is often due to loss of viable heart muscle
tissue following myocardial infarction. The ST-segment is usually isoelectric. Acute
ischemia of the heart muscle usually induces a depression of the ST-segment, but in rare
cases ST-elevation is found. A horizontal or descending ST-depression during exercise is
of important practical value in the diagnosis of coronary artery disease. It has to be
distinguished from ST-segment abnormalities due to hypokalemia, digitalis or hyperten-
sion (see 4.2.2).

T-wave changes are caused by many of the same things that are associated with ST-
segment changes. However, they are far less reliable in diagnosis because they are
sensitively modulated by the autonomic nervous system (Figs. 13, 14). Normal positive
T-waves may change into negative T-waves, not only as a result of organic disease, but
also of changes in body position, such as changing from the recumbent to the upright
position, or by raising the legs while lying down.

PUIAN VA
4

V Fig. 13. Typical ST-depres-

sion during exercise due to
Rest Exercise myocardial ischemia pro-
duced by coronary artery dis-
ease.

pu— i, .
Ny V
. Fig. 14. Change to negative T-
Recumbent . Uprlght wagve when sgtandingg, modu-
Position lated by the autonomic nerv-

ous system.
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Fig. 15. Placement and connection of electrodes for recording of bipolar limb leads, unipolar limt leads,
and precordial leads.
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The electrical activation waves recorded by the electrocardiogram have defined
normal ranges. The PR interval is normally 0.12-0.22 s and the QRS duration 0.07-
0.10s. The pulse rate is determined from the reciprocal of the inter-R-wave distance and
atrest is between 60 to 90 QRS complexes per minute; lower when vagal tone is increased
and higher during sympathetic stimulation. The exact R-wave interval varies slightly
from beat-to-beat. This variation disappears during certain pathologic conditions such as
damage to the autonomic nervous system due to diabetic neuropathy.

The electrocardiogram comprises several recordings which measure potential differ-
ences between two electrodes fixed at different sites on the body (Fig. 15). Lead I
measures the potential difference between the right arm and the left arm, Lead II the
difference between the right arm and the left leg, and Lead III the difference between the
left arm and the left leg. The same electrodes may be connected to achieve three more
recordings, by connecting two electrodes together and measuring versus the third. These
leads are called the augmented unipolar leads, aVR, aVL, and aVF. The direction of the
largest QRS complex is the “electrical heart axis”. A change in the anatomical position of
the heart will result in a change of the electrical axis (Fig. 16). During inspiration when
the diaphragm falls, the heart also moves, thus inducing the cardiac axis to shift
downward and to the right. During expiration the change is upward and to the left.
Similar changes can be observed during elevation of the diaphragm due to obesity or

Fig. 16. Position of the heart within the chest and determination of the electrical axis of the heart by the
ECG. The axis corresponds to the direction of the most positive QRS complex in the bipolar limb leads (I,
II, III) and unipolar limb leads (aVL, -aVR, aVF). Schematic drawing (upper left) with ECG examples
for horizontal axis, normal axis, and vertical axis. The most positive QRS complex is marked with an
arrow in all three ECG examples.
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Extremity leads Chest wall leads

avL

~aVR <~ L N v3--J l//\\—-—"s v, P

-aVvR —

aVF . aVF -—\JJ V—-A\ V1 \/’\a—-—- Vg J ‘ —
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Fig. 17. Example of left and right ventricular hypertrophy in limb (extremity) and precordial (chest wall)
leads.
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when the diaphragm is displaced downward in a tall, thin subject. Many pathological

conditions also influence the frontal plane axis.

If the polarity of the recording of aVR is reversed (-aVR), the six frontal plane
recordings can be represented such that the axis change between each of them is 30°. The
ECG changes continuously from lead recording to recording and the main axis of the
QRS complex can then be easily defined (see Fig. 16).

While recording of the extremity leads will show potential differences in the frontal
plane, changes in the horizontal plane are recorded with the unipolar precordial chest
wall leads. Rotation of the electrical heart axis in the horizontal plane most often occurs
with ventricular hypertrophy when the QRS vector moves towards the direction of the
hypertrophied ventricle. With left ventricular hypertrophy, the vector moves to the left;

with right ventricular hypertrophy, it moves to the right (Fig. 17).

Extremity: Precardial:
i ‘l'\.AY'—/\ V, <
1 —S AV_' Va /\J —
MW Ar A /\V.A Vs
(1} =2 A Vz! \ .

r v \ U

normal

pulmonale =
dextroatriale

mitrale =
sinistroatriale

cardial =
biatriale

Fig. 18. Overload of one or both atria is diagnosed from changes in the P-wave usually best reflected in

extremity lead III and precordial lead V..
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The mean electrical axis of the heart corresponds to the largest positive vector of the
QRS complex. However, each QRS complex comprises a series of sequential “instan-
taneous vectors”. Sequential changes in the direction of the instantaneous QRS vectors
can be displayed as a three-dimensional vector loop. During each heart cycle, these
instantaneous vectors change not only in the frontal, but also in the horizontal and
sagittal planes. A complete vector representation is therefore only possible with three-
dimensional recordings. This is accomplished using three electrodes axes (x, y, and z) at
right angles to each other (orthogonal axes). For practical purposes, however a spatial
vector cardiogram recording does not routinely provide any definite diagnostic advan-
tage compared to the standard 12 leads mentioned above.

Typical abnormalities of the P-waves due to overload of the atria are shown in Fig. 18.

Exercise electrocardiography is of important diagnostic value. This is especially true
for the detection of ischemia which is not present at rest (see 4.2.2). Figure 12 (page 16)
shows that in patients with coronary artery stenoses, ischemia can be provoked, not only
by physical exercise, but also by catecholamine infusion. Similarly, ambulatory elec-
trocardiographic monitoring often shows ischemic ST-segment depression during regular
daily exercise and during stress. These changes are usually associated with angina
pectoris (see 4.3), but may also be asymptomatic (silent ischemia).

The diagnosis of an arrhythmia can be established with ambulatory electrocardio-
graphic monitoring using a recorder that can be worn by the patient for 24 h. Intracardiac
electrocardiography recordings or recordings with esophageal electrodes allow analysis
of the origin of arrhythmias, a step which is often the basis of effective therapy (see
12.2.4).

3.2 Phonocardiography, pulse-wave recordings

Phonocardiography records the heart sounds with a microphone; different frequencies
can be separated and amplified with filters. The timing of additional sounds and murmurs
is achieved with the help of a simultaneous ECG (Fig. 19). Recording of pulse waves is
done with the help of pressure transducers. The typical changes seen in the carotid pulse
wave in aortic valvular and subvalvular disorders are often of diagnostic value.

3.3 Echocardiography

The application of the ultrasonic beam to cardiology was pioneered by Edler and Hertz in
Sweden. Originally, the ultrasonic beam gave only a restricted view of cardiac structures.
However, today, clinical echocardiography readily allows two-dimensional visualization
of all heart structures. Doppler flow-velocity assessments also allow valve stenosis and
incompetence and other abnormal flow patterns to be recognized.

The ultrasound impulses are created by piezoelectric crystals which emit ultrasound
waves at a frequency range of 2 to 10 MHz. The same crystals also convert the reflected
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Fig. 19. ECG and phonocardiography findings in different cardiac disorders.

ultrasound back to electrical energy. One ultrasonic impulse produces multiple echoes.
The time taken for the reflected echoes to return to the transducer changes during a
cardiac cycle due to movement of the cardiac structures from or towards the transducer.
Those changes are recorded as time-motion tracings on an M-mode echocardiogram
(Fig. 20). Two-dimensional echocardiography uses the same principle, but in this case




Fig. 20. M-mode echocardiography. a Longitudinal sector scan of the heart. b Echocardiographic images
of the three typical planes 1, 2 and 3. RV = right ventricle; Ao = aorta; LA = left atrium; LV = left
ventricle; PM = papillary muscle; PW = posterior wall. In 1 the opening and closing of the aortic valve is
seen, in 2 the opening and closing of the mitral valve, and in 3 the contraction of the left ventricle.

Fig. 21. Two-dimensional echocardiogram with visualization of all heart chambers with the “four-
chamber-view” during diastole. The transducer is over the apex of the heart. Close to the transducer are
both ventricles, below are tricuspid and mitral valves and both atria.
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the ultrasonic beam moves rapidly within one plane. Thus, a cross-section of the heart
can be obtained, where the cross-sectional plane, that is the plane of oscillation of the
ultrasonic beam, is oriented to the diagnostically important structures of the heart (Fig.
21). Transducers emit the changing ultrasonic beam, either by mechanical or by
electronic means. In the future, three-dimensional imaging is likely, comparable to the
ECG recording in vectorcardiography. The ultrasonic beams will then need to oscillate in
a number of planes to generate three-dimensional information. Another development is
the use of intravascular ultrasound imaging for coronary and peripheral arteries, to
visualize atheroma before and after various interventions.

3.4 Indicator dye dilution method

If dye isinjected into the circulatory system, its flow within the blood stream can easily be
traced (Fig. 22). Either the total blood flow velocity or special areas of interest, such as
the flow between the peripheral venous system and the lung, or the lung and the
peripheral arteries, can be determined. Formerly, circulation times were determined by
intravenous injection of ether or decholine, and by measuring the time between the
appearance of ether-smell in the breath and the patient reporting a bitter taste on his
tongue. Today, measurements are done with indicator dyes. The thermodilution method
uses cold fluid as the indicator. Circulation time and cardiac output are reliably measured
with small thermistors, which are attached to a catheter. Measurements can be repeated
many times. The dye dilution method can be applied during catheterization, but also
noninvasively if the arrival of the dye is measured with a photo-electric cell on the ear
lobe. The Fick principle and the thermodilution method are especially suitable for
measurement of cardiac output. Dye dilution curves are used to determine shunting and
pulmonary and systemic blood flows. Figure 22 features typically deformed dye dilution
curves as a result of right-to-left or left-to-right shunts. It also shows that the area under
the curve increases with decreasing cardiac output. The Fick cardiac output is calculated
from the oxygen uptake and arteriovenous difference, using the equation

oxygen uptake (ml/min)
A-VO, difference (ml/100 ml) x 10
The indicator dye dilution cardiac output uses the equation

I 60
CO (V/min) = —— X ———.
(Vmin) = - > 000
I = dye dose (mg), ¢ = mean concentration (mg/ml), t = duration of unrecirculated dye
curve.

CO (Vmin) =
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3.5 Radiologic examination of the thorax

The chest roentgenogram

Views are taken in the upright position with a film-focus distance of 2 meters to avoid
projection-related distortions. They allow assessment of the cardiac size and silhouette,
and possible changes in the venous and arterial pulmonary vessels. Systemic venous
congestion leads to an increased distension of the peripheral veins and the right atrium,
while pulmonary venous congestion leads to enlarged pulmonary veins, increased
interlobular and interalveolar markings (Kerley lines), and if combined with systemic
congestion, pleural effusion. Increased pulmonary circulation due to a left-to-right shunt
is usually associated with pulmonary arterial and venous engorgement.

Chest fluoroscopy

Calcification of the cardiac valves, the pericardium, and the coronary arteries can be
detected with fluoroscopy. The evaluation of densities, especially those in the mediasti-
nal area may be clarified by rotation of the patient.

3.6 Determination of the heart volume

Determination of the heart volume in the recumbent position allows a clearer distinction
between a normal and an abnormal cardiac size than does simple measuring of the usual
upright chest x-ray. A key reason for the better discrimination of this assessment is that
orthostatic changes in venous filling are avoided in the recumbent position. During

Fig. 23. Determination of the heart volume in a partially recumbent (half recumbent) position. Elevation
of the legs results in complete filling of the heart, just as in a fully recumbent position, and orthostatic
changes in filling are avoided. As opposed to the determination of the volume in the fully recumbent
position, a focal distance of 2 meters can be obtained in a standard radiologic room.
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recumbency, the heart is being more reliably distended by returning venous blood, thus
fully filling the lower pressure system (i. e., the atria). With the upright position there can
be a decrease in heart size of up to 50%. This decrease varies from day to day and also
varies between individuals.

Due to the reasons given above, a quantitative evaluation of cardiac size is better done
with determination of the heart volume than with the usual chest views in the upright
position. This method has been used extensively by one of us (MK) for many years; not
only is it useful, but it can be done with little extra effort. The two chest views document
the cardiac status objectively and are always available for comparison later on.

The exact determination of the cardiac size is done with views of the heart in a
recumbent or half-recumbent position (Figs. 23, 24). The half-recumbent position with
elevation of the legs up to the cardiac level has the advantage that it will not result in an
elevation of the diaphragm and, associated with it, a horizontal movement of the heart.
Therefore, not only the heart size, but also changes of the cardiac silhouette can be
judged in this position.

The heart volume is calculated using a formula for a rotational ellipsoid, corrected by
the roentgenographic magnification (Fig. 25). With a film-focus distance of 2 meters the
formula is:

Cardiac volume = length (1) X width (w) X depth (d) x 0.4.
Normal values for the cardiac volume are corrected for body weight, or even better, for
body surface area. The normal heart volume ranges between 300 and 900 ml.

a b
Fig. 24. The view in half recumbent position a shows a complete filling, as indicated by the right cardiac

silhouette which corresponds to the right atrium; b view in the upright position for comparison; the right
atrium is not completely filled.
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t Esophagus

Fig. 25. The cardiac volume (cv) is calculated with the three axes (1, w, d) using the formulacv =1X w X d
X 0.4.

The average (and upper limit) normal value for a man is 620 (800) ml/1.73 m?. For a
woman, it is 550 (700) ml/1.73 m?. The average entire cardiac volume of an adult male of
620 ml corresponds a cardiac weight of 300 grams, this would mean that there would be
approximately 320 ml of blood in the heart. This blood volume is distributed in both atria
and ventricles. During diastole the volume is mostly in the ventricles, during systole it is

h

VCSs

120 ml

RV
Diastole Systole
Blood volume
Cardiac volume 620 ml diastolic systolic
Cardiac weight 3009 Lv 120 ml 50 ml
Cardiac blood volume 320 ml RV 120 mi 50 ml
LA 40 ml 110 ml
Stroke volume 70 mi RA 40 ml 110 ml
Ejection fraction 60 % 320 ml 320 ml

Fig. 26. The cardiac volume includes the heart itself (cardiac weight) and the blood within it. The cardiac
volume remains constant throughout the cardiac cycle, since the sum of blood content in the ventricles
plus atria remains constant during systole and diastole.
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mostly in the atria. With a stroke volume of 70 ml and an ejection fraction of 60%, the
end systolic residual blood volume would be 50 ml for each ventricle (Fig. 26), thus
leaving 220 ml in the atria. During diastole blood content would be 120 for each ventricle
and 80 ml for both atria.

Echocardiography allows estimation of the volume of each of the individual cardiac
chambers. The echocardiographic determination of the volume of the individual heart
chambers and of the total heart volume is done using the two-dimensional method, and is
performed in the recumbent position.

3.6.1 Diagnostic importance and physiological adaptation of the
heart volume

Endurance or interval training results in enlargement of the heart with physiological
hypertrophy and dilatation of all cardiac chambers (see also 14.1). Pathological enlarge-
ment of the heart on the other hand can result, for example, from scar formation and
compensatory dilatation of the left ventricle in coronary heart disease. The degree of the
cardiac enlargementis a clue to the extent of tissue damage and it is therefore of prognostic
importance (Fig. 27). Thisis also true for primary myocardial diseases, where the degree of
the cardiac enlargement is an important parameter of severity and prognosis.

7-yr-mortality
%

90— Cardiac volume 86%

p<o0001 83%

60—
30 p < 0.001 28%
8%
0 _ Fig. 27. Seven-year mortality

ients with -
~790 , <1130 <1470 > 1470 HV mi/173 m? rates for patients with coro
ne74 n=123 ne27 ne7 nary heart disease in relation

to heart volume determined
at the initial examination.

Whereas volume loading of the heart due to valvular insufficiency or shunt quickly
leads to cardiac enlargement, pressure loading due to aortic stenosis, pulmonary stenosis
or systemic hypertension does not result in early cardiac enlargement. Concentric
hypertrophy, however, does occur in these latter disorders.

Enlargement of the entire heart is not always caused by an enlargement of the
ventricular chambers; it may be caused by enlargement of the ventricles plus atria or of
the atria alone. If blood flow into the ventricle is impeded, there will be hypertrophy and
enlargement of the corresponding atrium. This occurs in coronary heart disease where
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infarction has stiffened the left ventricle, in many valvular disorders (e.g., mitral
stenosis) and in primary myocardial diseases. Disorders with concentric hypertrophy
such as aortic stenosis or hypertrophic cardiomyopathy may lead to substantial atrial
enlargement before the left ventricle increases in size. Due to the fact that all cardiac
chambers are included in the determination of the total heart volume, significant cardiac
enlargement may be measurable before the echo-derived measurements of individual
cardiac chambers become abnormal.

Determination of the heart volume is also useful for the early diagnosis of cardiac
decompensation. On the other hand, it can be used for a quantitative assessment of the
effects of cardiac volume overloading associated with atrial septal defect or aortic
insufficiency. It also may be suitable for making an early diagnosis of heart failure, for
example, when distinguishing between cardiac and non-cardiac edema. Finally, it is of
prognostic use in heart failure, in valvular disorders, and in coronary heart disease. With
2D-echocardiography determination of cardiac volume has become an easily available
quantitative measure of cardiac size.

3.6.2 Subtraction angiography

The principle of the subtraction technique is a photographic subtraction of two different
roentgenographic images of the same body area. For example, the image of blood vessels
filled with a contrast agent on one picture can be enhanced when all other structures
which are identical to both images have been subtracted and are therefore made
invisible.

With digital subtraction angiography (DSA) the digitized information can be manipu-
lated to enhance, magnify, smooth-out and erase parts of the image. The subtraction
technique can be adapted to many different purposes and allows for visualization of the
cardiac chambers, the great arteries and veins after intravenous injection of small boluses
of contrast agent. Visualization becomes more difficult as the structures get smaller and
move faster. Whereas the cardiac chambers can be presented with sufficient exactness,
the visualization of details inside the coronary arteries is not sufficiently sharp after
intravenous contrast injection. The proximal parts of bypass grafts, on the other hand,
can usually be visualized due to their larger size and limited movement.

3.7 Nuclear imaging techniques (see also 4.2.3)

3.7.1 Radionuclide ventriculography

A collimated scintillation camera placed over the heart measures the scintillation counts
of radionuclide-labeled erythrocytes. With electrocardiographic triggering cumulative
counting during systole and diastole can be obtained, allowing the calculation of
ventricular volumes, ejection fraction, regional wall motion, and the filling and ejection
rates. Cardiac output can be determined using the indicator dilution principle if the first
passage of the indicator through the heart is analyzed. Forward stroke volume (SV) may
be calculated from the cardiac output (CO) and heart rate (HR) where
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CO

HR

A comparison of the forward stroke volume measured after bolus injection with the total
stroke volume measured during steady state is a noninvasive index of the degree of
valvular insufficiency or intracardiac shunting. Radionuclide ventriculography during

exercise may reveal global and regional contractile abnormalities induced by ischemia
(see also 4.2.3)

SV =

3.7.2 Thallium scintigraphy

Thallium is biologically similar to potassium. It is rapidly extracted from the blood and is
avidly taken up by myocardium. An image of the myocardium can be obtained by
precordial counting of radiolabeled thallium using a scintillation camera. Persistent
filling defects will be seen if thallium uptake is deficient (e.g., in myocardial infarction).
A temporary exercise-induced disturbance of relative coronary flow causes the
phenomenon of redistribution: 1-4 h after the injection, filling defects which were seen
directly after injection of thallium will no longer be found in the scintigram (see also
4.2.3).

3.8 Computed tomography, positron emission
tomography, nuclear magnetic resonance

Computed tomography results in cross-sectional images of the internal organs similar to
the ultrasound technique. For imaging of the heart a rapid scanning sequence (ultrafast
CT) or electrocardiographic gating is necessary (cardiac computed tomography, CCT).
Diastolic and systolic cross-sectional images of the heart allow excellent visualization of
hypertrophic cardiomyopathy for example.

The metabolic activity of the myocardium can be studied with the positron emission
camera. The examination requires a major financial investment, which beyond research
so far does not appear justified by the clinical value of the information provided.

The application of nuclear magnetic resonance (NMR) was developed in Great Britain
and is based on a revolutionary imaging principle. The nuclear spin of atomic nuclei (in
this context, the most important being the hydrogen ion) is altered by strong external
magnetic fields. The return of the aligned nuclei to a random order pattern of spin,
induced by strong external magnetic fields, occurs with different velocities in different
imaged tissues. Tissue structures can therefore be discriminated in this way. Whereas
nuclear magnetic resonance imaging is indicated in studies of the central nervous system,
its application for imaging of the heart is still being investigated.
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3.9 Cardiac catheterization

In 1929, Werner Forsmann showed, for the first time, that it was possible to insert a
catheter into the human heart and to measure pressures, withdraw blood samples, and
visualize heart structures by injection of contrast agents. Amazingly, his first experiment
was on himself and although it earned him little recognition at the time, he was awarded a
Nobel Prize in 1956. Forsmann had also tried to find a therapeutic use for cardiac
catheterization; e.g., he tried to augment the therapeutic effectiveness of certain
medications by intracardiac administration. It was eventually another German, Andreas
Gruentzig, who pioneered therapeutic cardiac catheterization when he introduced
coronary balloon angioplasty in 1977. :

Cardiac catheterization is the most reliable method for detecting many cardiac
disorders. Figure 28 shows the approach to the right and left heart, and Figure 29 shows
typical pressure curves. Intracardiac pressure measurements allow the hemodynamic
consequences of valvular stenoses or shunts to be determined. The size and location of
shunts can be determined by measurement of the oxygen content of blood samples
obtained from different locations. Virtually all cardiac structures can be visualized using
contrast agents injected into an appropriate part of the circulation and recorded on x-ray
films or video. This approach is a standard one for recognizing pathologic changes of the
cardiac valves and coronary arteries. Increasingly, non-invasive techniques are replacing
cardiac catheterization, but so far this has not been possible for the examination of the
coronary vessels. Selective coronary arteriography, first performed by Sones in 1957, is
indispensable for imaging coronary anatomy. It remains the prerequisite for surgical
revascularization and it is also an integral part of therapeutic coronary interventions such
as angioplasty.

Complications may occur with coronary arteriography, but it has a relatively low risk
(mortality rate less than 0.1%), considering how often seriously ill patients are
examined.

Today, therapeutic interventions can also be performed during cardiac catheteriza-
tion. Until recent years many of these interventions could be performed only during
open-heart surgery and with the patient on a heart-lung machine. Coronary stenoses can
be dilated with a Gruentzig balloon catheter with a good long-term result in the majority.
Valvular stenoses (for example pulmonary, uncalcified aortic and mitral valve stenoses)
and congenital narrowing of the great arteries may also be dilated with a balloon
catheter. Finally, the cardiac catheter may be used to close congenital shunts such as
patent ductus arteriosus or to create shunts for the alleviation of congenital malforma-
tions.
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Right heart catheterization Right heart catheterization
brachial approach femoral approach

IVC
Left heart catheterization Left heart catheterization Left heart catheterization
brachial approach femoral approach transseptal approach

Fig. 28. Different approaches to right and left heart catheterization.

3.10 Cardiovascular measurements and their relation to
body dimensions

In order to compare values obtained from individuals of different weight and size, a
variety of “normalizing” methods are used. Cardiac output, the main hemodynamic
parameter, is usually expressed per m* body surface area (BSA); other parameters are
often given per body weight or height. For standardization purposes, a reference per
normal body surface area of 1.73 m?, as also widely used for renal clearance, seems
attractive. A normal value referred to a body surface area of 1.73 m? is applicable to the
normal adult and therefore more meaningful than a normal value referred to 1.0 m?
which corresponds to a body surface area of an 8-year-old child. As far as possible,
normal values are reported per normal body surface area in this book. The calculation is

done with the formula:

value x 1.73
individual body surface area

value/normal body surface area =
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Fig. 29. Pressure curves and normal pressure values in the pulmonary capillary wedge (PCW), pulmonary

artery (PA), right atrium (RA), right ventricle (RV), left atrium (LA), left ventricle (LV), and aorta (Ao)
in relation to the ECG.

A good correlation can be made between the body surface area and the metabolically
active body mass, as opposed to weight, which increases in adiposity which is of low
metabolic activity. Theoretically, instead of body surface area, one might use the 4th root
of the body weight raised to the third power (body weight**). However this measure does
not take into account differencies in height and therefore is inferior in comparing patients
of identical weight but different degrees of adiposity.

Theoretical considerations, experimental findings, and practical clinical experience
call for the use of anatomical and functional circulatory parameters to be referred to the
average body surface area of 1.73 m?*. The same holds true for judging the dosage of
medications. With the help of a calculator it is easy to determine the individual body
surface area from the height and weight. Instead of a table or use of the more complicated
formula from Dubois and Dubois, one can use a simplified version (after Mosteller,
Lam):

weight in kg X height in cm

BSA = 3600
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4 Atherosclerosis

Atherosclerosis or arteriosclerosis is a disease of the arterial wall. Its manifestation are
mainly due to alterations of the arterial intima, leading to luminal narrowing and thus to
ischemia of organs like heart, brain, kidneys or legs. As well as luminal narrowing by
excessive growth of the intima and superimposed thrombosis, the disease may also affect
the media and soften the arterial wall to such an extent that aneurysm formation takes
place.

The term atherosclerosis is derived from “atheroma” as a lipid deposition in the intima
and from “sclerosis” i.e. hardening of the arterial wall due to connective tissue formation
and calcification.

At the time of this writing in 1991 the relative importance of lipid deposition, sclerosis
and thrombosis 