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ABSTRACT
This study was done in Sudan heart center from the year 2001-2004.
Objectives:
The purpose of this study was to see the mode of clinical presentation of
Ischemic heart disease and to correlate it to both the exercise test and
coronary angiography in patients suspected to have ischaemic heart
disease.
Methods:
This study was a retrospective analysis, for patients with positive exercise
test who were referred for coronary angiography; patients with history of
acute coronary syndromes and negative exercise test were excluded from
the study.
Results:
103 patients were studied, males represented 61.2% of the study
population and female were (38.8%).
History of diabetes was obtained in 27 patients (26.7%), 54 patients
(52%) were hypertensive, 31 patients (31.1%) gave history of smoking
and 24 patients (24.2%) had positive history of IHD. 62 patients had
serum cholesterol level estimated, eleven patients (17.7%) had normal
levels, 38 patients (61.3%) had high normal levels and 13 patients (21%)
had high levels.
History of chest pain was found in 89 patients (86.4%).
Conclusions:
Patients presented with chest pain and had normal coronary angiography
findings were (51.9%), the false positive results were more associated
with females.

-6-

Diabetics and poorly controlled hypertensive patients were associated
with more severe coronary diseases.
Patients presented with chest pain and had normal coronary angiography
findings were (51.9%), so chest pain as a presenting symptom need to be
more evaluated and specified especially in females.
Smokers had certain coronary arteries involvement that is the left
anterior descending followed by the right coronary artery.
Resting ECG had limited utility in diagnosing coronary artery disease.
False positive exercise test results were found in (52.6%) of patients. The
left anterior coronary artery was the most coronary vessel affected
(32.4%). The left main was affected in (3.9%).
The presence of high normal and high cholesterol levels was associated
with more affection of the coronary arteries.
Recommendations:
The recording system and especially the presenting symptoms should be
given the enough attention and evaluation especially the low risk group
patients so as to limit the need for more invasive procedures.
Hypertension should be tightly controlled.
Every patient suspected to have IHD should have full lipid profile as
abase line.
Good evaluation and classification of patients to low, intermediate and
high risk groups should be done before referral for coronary angiography.
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ﻣﻠﺨﺺ ﺍﻷﻃﺮﻭﺣﺔ
ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺃﺟﺮﻳﺖ ﲟﺮﻛﺰ ﺍﻟﺴﻮﺩﺍﻥ ﻟﻠﻘﻠﺐ ﰲ ﺍﻟﻔﺘﺮﺓ ﻣﻦ 2004-2001ﻡ.
ﺍﻷﻫﺪﺍﻑ-:
ﺍﳍﺪﻑ ﻣﻦ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻫﻮ ﻣﻌﺮﻓﺔ ﻃﺒﻴﻌﺔ ﺍﻷﻋﺮﺍﺽ ﺍﻟﺴﺮﻳﺮﻳﺔ ﳌﺮﺿﻰ ﺇﻗﻔﺎﺭ ﺍﻟﻘﻠﺐ ﻭﳏﺎﻭﻟﺔ ﺭﺑﻂ ﺫﻟﻚ ﺑﺈﺧﺘﻴﺎﺭ
ﺍﳉﻬﺪ ﺍﻟﻘﻠﱯ ﻭﻗﺴﻄﺮﺓ ﺍﻟﺸﺮﺍﻳﲔ ﺍﻟﺘﺎﺟﻴﺔ ﰲ ﺍﳌﺮﺿﻰ ﺍﳌﺘﻮﻗﻊ ﻟﺪﻳﻬﻢ ﺣﺎﻻﺕ ﺇﻗﻔﺎﺭ ﺍﻟﻘﻠﺐ.
ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﲤﺖ ﻋﻦ ﻃﺮﻳﻖ ﺍﻟﺮﺟﻮﻉ ﺇﱃ ﺍﳌﻠﻔﺎﺕ ﻟﻠﻤﺮﺿﻰ ﺫﻭﻱ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻹﳚﺎﺑﻴﺔ ﻹﺧﺘﺒﺎﺭ ﺭﺳﻢ ﺍﻟﻘﻠﺐ
ﺑﺎﳉﻬﺪ ﻭﺍﻟﺬﻳﻦ ﺣﻮﻟﻮﺍ ﻟﻘﺴﻄﺮﺓ ﺍﻟﺸﺮﺍﻳﲔ ﺍﻟﺘﺎﺟﻴﺔ ،ﰎ ﺍﺳﺘﺒﻌﺎﺩ ﺍﳌﺮﺿﻰ ﺍﻟﺬﻳﻦ ﻟﺪﻳﻬﻢ ﺗﺎﺭﻳﺦ ﻣﺮﺿﻲ ﲝﺎﻻﺕ ﺇﺣﺘﺸﺎﺀ ﺍﻟﻘﻠﺐ
ﺍﳊﺎﺩ.
ﺍﻟﻨﺘﺎﺋﺞ-:
 ﻣﺜﻞ ﺍﻟﺬﻛﻮﺭ  %61.2ﻣﻦ ﺍﻟﺪﺭﺍﺳﺔ ﻭﺑﻴﻨﻤﺎ ﺍﻹﻧﺎﺙ ﻣﺜﻠﻦ .%38.8 ﺍﻟﺘﺎﺭﻳﺦ ﺍﳌﺮﺿﻲ ﻟﻠﺴﻜﺮﻱ ﻭﺟﺪ ﰲ  27ﻣﺮﻳﻀﹰﺎ ) (%26.7ﺑﻴﻨﻤﺎ ﺍﺗﻔﺎﻉ ﺿﻐﻂ ﺍﻟﺪﻡ ﺳﺠﻞ ﰲ  54ﻣﺮﻳﻀﹰﺎ) (%52ﻧﺴﺒﺔ ﺍﳌﺪﺧﻨﲔ ﺑﻠﻐﺖ  (31) %31.1ﻣﺮﻳﻀﹰﺎ ﻭﺍﳌﺮﺿﻰ ﺍﻟﺬﻳﻦ ﻟﺪﻳﻬﻢ ﺗﺎﺭﻳﺦ ﺍﳚﺎﰊ ﳌﺮﺽ ﺇﻗﻔﺎﺭ
ﺍﻟﻘﻠﺐ ﺑﻠﻐﻮﺍ  24ﻣﺮﻳﺾ ) .(%24.2ﺳﺠﻠﺖ ﻧﺴﺒﺔ ﺍﻟﻜﻮﻟﻴﺴﺘﺮﻭﻝ ﰲ ﺍﻟﺪﻡ ﰲ  62ﻣﺮﻳﺾ 11 ،ﻣﻨﻬﻢ
) (%17.7ﻭﺟﺪﺕ ﻟﺪﻳﻬﻢ ﻧﺴﺒﺔ ﻃﺒﻴﻌﻴﺔ  38 ،ﻣﺮﻳﺾ ﻭﺟﺪﺕ ﻟﺪﻳﻬﻢ ﻧﺴﺒﺔ ﻃﺒﻴﻌﻴﺔ ﻗﺼﻮﻯ ﻭ  13ﻣﺮﻳﻀﹰﺎ
ﻛﺎﻧﺖ ﻟﺪﻳﻬﻢ ﻧﺴﺒﺔ ﻋﺎﻟﻴﺔ .ﺃﱂ ﺍﻟﺼﺪﺭ ﺳﺠﻞ ﰲ  89ﻣﺮﻳﻀﹰﺎ ).(%86.4
ﺍﳋﻼﺻﺔ-:
 ﻭﺟﻮﺩ ﻧﺴﺒﺔ ﻋﺎﻟﻴﺔ ﻣﻦ ﺍﻟﻜﻮﻟﻴﺴﺘﺮﻭﻝ ﺍﺭﺗﺒﻂ ﺑﺈﺻﺎﺑﺔ ﺃﻛﺜﺮ ﺣﺪﺓ ﻟﻠﺸﺮﺍﻳﲔ ﺍﻟﺘﺎﺟﻴﺔ. ﻣﺮﺿﻰ ﺍﻟﺴﻜﺮﻱ ﻭﺿﻐﻂ ﺍﻟﺪﻡ ﺍﻟﻐﲑ ﻣﺘﺤﻜﻢ ﺑﻪ ﺇﺭﺗﺒﻄﻮﺍ ﲝﺎﻻﺕ ﺇﺻﺎﺑﺔ ﺑﺎﻟﻐﺔ ﻟﻠﺸﺮﺍﻳﲔ ﺍﻟﺘﺎﺟﻴﺔ. ﺍﳌﺮﺿﻰ ﺍﻟﺬﻳﻦ ﻟﺪﻳﻪ ﺃﱂ ﺑﺎﻟﺼﺪﺭ ﻭﰲ ﻧﻔﺲ ﺍﻟﻮﻗﺖ ﺷﺮﺍﻳﲔ ﺗﺎﺟﻴﺔ ﻃﺒﻴﻌﻴﺔ ﻣﺜﻠﻮﺍ  %51.9ﳑﺎ ﻳﺪﻝ ﻋﻠﻰ ﺃﳘﻴﺔﻣﻌﺮﻓﺔ ﻃﺒﻴﻌﺔ ﺃﱂ ﺍﻟﺼﺪﺭ ﻭﲢﻠﻴﻠﻬﺎ ﺟﻴﺪﹰﺍ ﺧﺎﺻ ﹰﺔ ﻋﻨﺪ ﺍﻹﻧﺎﺙ.
 ﺍﳌﺪﺧﻨﲔ ﻟﺪﻳﻬﻢ ﺇﺻﺎﺑﺎﺕ ﻣﻌﻴﻨﺔ ﻟﻠﺸﺮﺍﻳﲔ ﺍﻟﺘﺎﺟﻴﺔ ﺍﻟﺸﺮﻳﺎﻥ ﺍﻟﺘﺎﺟﻲ ﺍﻷﻳﺴﺮ ﺍﻷﻣﺎﻣﻲ ﻭﺍﻟﺸﺮﻳﺎﻥ ﺍﻟﺘﺎﺟﻲ ﺍﻷﳝﻦ.ﺍﻟﺘﻮﺻﻴﺎﺕ-:

 ﳚﺐ ﻭﺟﻮﺩ ﻧﻈﺎﻡ ﺩﻗﻴﻖ ﺑﺴﺠﻼﺕ ﺍﳌﺮﺿﻰ ﻣﻊ ﺇﻋﻄﺎﺀ ﺍﻷﻋﺮﺍﺽ ﺍﻟﱵ ﻳﺘﻘﺪﻡ ﻬﺑﺎ ﺍﳌﺮﻳﺾ ﺍﻻﻫﺘﻤﺎﻡ ﻭﺍﻟﺪﻗﺔﺍﻟﻜﺎﻓﻴﲔ ﺣﱴ ﻧﻘﻠﻞ ﻣﻦ ﺍﳊﻮﺟﺔ ﻟﻄﺮﻕ ﺍﻟﺘﺸﺨﻴﺺ ﺍﻷﻛﺜﺮ ﺗﻌﻘﻴﺪﹰﺍ.

 ﻣﺮﺽ ﺍﺭﺗﻔﺎﻉ ﺿﻐﻂ ﺍﻟﺪﻡ ﳚﺐ ﺃﻥ ﳚﺪ ﺍﳌﺘﺎﺑﻌﺔ ﺍﻟﺪﻗﻴﻘﺔ ﻭﺍﻟﺘﺄﻛﺪ ﻣﻦ ﳏﺎﻓﻈﺔ ﺍﳌﺮﻳﺾ ﻋﻠﻰ ﺍﻟﻌﻼﺝ. ﲢﻠﻴﻞ ﻧﺴﺒﺔ ﺍﻟﺪﻫﻮﻥ ﰲ ﺍﻟﺪﻡ ﳚﺐ ﺃﻥ ﻳﻮﻓﺮ ﻟﻜﻞ ﺍﳌﺮﺿﻰ ﺍﻟﺬﻳﻦ ﻳﺘﻮﻗﻊ ﻟﺪﻳﻬﻢ ﺣﺎﻻﺕ ﺇﺻﺎﺑﺔ ﺍﻟﺸﺮﺍﻳﲔ ﺍﻟﺘﺎﺟﻴﺔ. ﺍﻟﺘﻘﻴﻴﻢ ﺍﻟﺪﻗﻴﻖ ﻭﳏﺎﻭﻟﺔ ﺗﺼﻨﻴﻒ ﺍﳌﺮﺿﻰ ﺇﱃ ﻣﺮﺿﻰ ﺫﻭﻱ ﺧﻄﻮﺭﺓ ﻋﺎﻟﻴﺔ ﺃﻭ ﻣﺘﻮﺳﻄﺔ ﺃﻭ ﺑﺴﻴﻄﺔ ﻟﻪ ﺃﳘﻴﺔ ﻛﱪﻯﻭﳚﺐ ﺃﻥ ﻳﺴﺒﻖ ﲢﻮﻳﻞ ﺍﳌﺮﻳﺾ ﻟﻘﺴﻄﺮﺓ ﺍﻟﻘﻠﺐ.
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ABBREVIATIONS

- SVD: single vessel disease
- 2VD: two vessel disease
- 3VD: three vessel disease
- CAD: coronary artery disease
- IHD: Ischaemic Heart disease
- BP: blood pressure
- LAD: left anterior descending
- LM: left main
- RCA: right coronary artery
- CX: circumflex
- PTCA: percutanious transluminal coronary angioplasty
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Introduction
Exercise is a common physiological stress used to elicit cardiovascular
abnormalities not present at rest and to determine adequacy of cardiac
function [1] Exercise stress testing is one of the most frequent modalities
used to assess patients with suspected or proven cardiovascular disease. It
is used to estimate prognosis, to determine the functional capacity, the
extent and likelihood of coronary artery disease (CAD) and the effects of
therapy [1].
Exercise physiology:
Anticipation of dynamic exercise results in an acceleration of ventricular
rate due to vagal withdrawal, increase in alveolar ventilation and increase
in venous return primarily as a result of sympathetic vasoconstriction [2].
In a normal person, the net effect is an increase cardiac resting out put
before the start of the exercise. The magnitude of haemodynamic
response depends on the severity and amount of muscle mass involved. In
the early phases of the exercise the upright cardiac output is increased by
an augmentation in stroke volume mediated through the use of the Frank
Starling law and the increase in heart rate, the increase in cardiac output
in the latter phases of exercise is primarily due to a sympathetic mediated
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increase in ventricular rate. At fixed sub maximal workload below
anaerobic threshold, steady state condition are usually reached after the
second minute of exercise, following which heart rate, cardiac output,
blood pressure and pulmonary ventilation are maintained at reasonably
constant levels[3]. During strenuous exertion sympathetic discharge is
maximal and parasympathetic stimulation is withdrawn, resulting in
vasoconstriction of most circulatory body systems, except in the
exercising muscles and in the cerebral and coronary circulation.
Venous and arterial nonepinephrine release from sympathetic post
ganglionic endings, as well as plasma levels is increased, catecholamine
release enhances ventricular contractility. As exercise progresses, skeletal
muscle blood flow is increased, oxygen extraction increases by as much
as threefold, total calculated peripheral resistance decreases, and systolic
blood pressure usually increases, mean central blood pressure and pulse
pressure usually increases. Diastolic blood pressure does not change
significantly. The pulmonary vascular bed can accommodate as much as
six fold increase in cardiac output with only modest increase in
pulmonary artery pressure, pulmonary capillary wedge pressure and right
atrial pressure. In normal individuals this is not a limiting determinant of
peak exercise capacity.
Cardiac out put increases by four-to six – fold above basal levels during
strenuous exertion in the upright position. Depending on genetic
-13-

endowment and level of training [4] .The maximum heart rate and cardiac
output are decreased in older individuals partly because of decreased Bbeta-adrenergic responsiveness [2]. Maximum heart rate can be estimated
from the formula heart rate = (220-age years) with standard deviation of
10-12 beats/min. The age predicted maximum heart rate is a useful
measurement for safety reasons. However, the wide standard deviation in
the various equations used and the impact of drug therapy limit the
usefulness of this parameter in estimating the exact age predicted
maximum for an individual patient.
In the post exercise phase, haemodynamics return to base line within
minutes of termination. Vagal reactivation is an important cardiac
mechanism after exercise and is accelerated in well-trained athletes but
blunted in patients with chronic heart failure [2]. The total oxygen uptake
in excess of the resting oxygen uptake during the recovery is the oxygen
dept.
Patient's position:
At rest, the cardiac output and stroke volume are higher in the supine
than in the upright position, with exercise in normal supine persons, the
elevation of cardiac out put results almost entirely from an increase in
heart rate with little augmentation of stroke volume. A change from
supine to upright positions causes a decrease in venous return, left
ventricular end diastolic volume and pressure, stroke volume and cardiac
-14-

index. Renin and norepinephrine levels are increased. End-systolic
volume and ejection fraction are not significantly change. The net effect
on exercise performance. Is an approximate 10 % increase in exercise
time, cardiac index, heart rate, and rate pressure product at peak exercise
in the upright as compared with the supine position.
Exercise protocols:
The main types of exercise are isotonic or dynamic exercise, isometric or
static exercise and resistive (combined isometric and isotonic) exercise.
Dynamic protocols, most frequently are used to assess cardiovascular
reserve, and those suitable for clinical testing should include a low
intensity warm-up phase in general, 6 to 12 minutes of continuous
progressive exercise during which the myocardial oxygen demand is
elevated to a level which is optimal for diagnostic and prognostic
procedure

[1]

. The protocol should include a suitable recovery or cool

down period. If the protocol is too strenuous for an individual patient
early test termination results and this will not allow an opportunity to
cause clinically important responses. Thus exercise protocols should be
designed to accommodate patient’s limitations.
Static exercise:
This form of exercise generates force with little muscle shortening and
produces a greater blood pressure responses than with dynamic exercise,
cardiac out put does not increase as much as with dynamic exercise
-15-

because increased resistance in active muscle groups limits blood flow in
a common form of static exercise, the patient's maximal force on a hand
dynamometer is recorded. The patient then sustains 25 to 33 percent of
maximal force to 3 to 5 minutes while ECG and blood pressures are
recorded. The increase in myocardial V02 is often insufficient to initiate
an ischaemic response.
Electro-cardiographic measurements:
The Mason – Likar modification of the standard 12-leads ECG requires
that the extremity electrodes shoud be moved to the torso to reduce
motion artifact. The arm electrodes should be located in the most lateral
aspects of the infra clavicular fossae, and the leg electrodes below the
ribcage. This arrangement results in a right-axis shift and increase voltage
in the inferior leads and may produce loss of Q waves and development
of new Q in the AVL lead, thus it could not be used to interpret a
diagnostic test 12 lead ECG. The more cephalad the leg electrodes are
placed, the greater is the degree of change and the greater is the
augmentation of R wave amplitude, potentiating exercise induced ST
segment changes.
Types of ST segment Displacement:
In normal persons, The PR, QRS and QT intervals shorten as heart rate
increases. P amplitude increases, and PR segment becomes progressively
more down sloping in the inferior leads, J point, or junctional, depression
-16-

is a normal finding during exercise. In patients with myocardial
ischaemia the ST segments usually becomes more horizontal (Flattens)
with the progression of exercise the depth of ST segment depression may
increase involving more leads and the patient may develop angina. These
changes may persist 5-10 minutes in the immediate post recovery phase.
With down sloping ST segment and T wave inversion. Ischaemic ST
segment displacement may be seen during exercise, but in about 10% of
patients this may appear only in the recovery phase, this is mainly seen in
asymptomatic patients. Patients should not leave the exercise laboratory
area until the post exercise ECG has retuned to base line.
Measurement of ST segment displacement:
For purposes of interpretation, the PQ junction is usually chosen as the
isoelectric point. The TP point represent the true isoelectric point but
impractical choice for most routine clinical measurement. The
development of 0.1 mV (1mm) or greater of J point depression measured
from the PQ junction with a relatively flat ST segment slope
(<1 mV/sec), depressed greater than or equal to 0.1 mV 80 ms after the J
point (ST80). In three consecutive beats with a stable base line is
considered to be an abnormal response. The ST segment at rest may be
occasionally depressed when this occurs. The J point and ST segment
should be depressed an additional 0.1 mV or greater to be considered
abnormal. When the degree of resting ST segment depression is 0.1 mV
-17-

or greater, the exercise ECG becomes less specific and myocardial
imaging modalities should be considered

[5]

. In patients with resting ST

segment elevation, return to the pa junction is normal; therefore, the
magnitude of exercise induced ST segment depression should be
determined from the Pq junction and not from the elevated position of the
J point before exercise.
Exercise induced ST segment depression does not localize the site of
myocardial ischaemia, nor does it provide a clue about which coronary
artery is involved[81]. Exercise induced ST segment elevation is relatively
specific for the territory of myocardial ischaemia and the coronary artery
involved[81].
Up-sloping ST segment:
Junctional or J point depression is a normal finding, during maximal
exercise, and a rapid up sloping of a depression (<1mV) should be
considered as abnormal. Occasionally, however, the ST segment is
depressed 0-15 mV (1.5 mm) or greater at 80 m sec after the J point. This
type of slow up sloping ST segment may be the only ECG finding in
patients with well defined obstructive CAD and may depend on the lead
set used. In patients’ subsets with a high CAD prevalence, a slow up
sloping ST segment of depressed (0.15 mV) or greater at 80 m sec, after
the J point should be considered to be abnormal. Increasing the degree of
ST segment depression at 80 m/sec after the J point to 0.20 mV (2.0mm)
-18-

or greater in patients with slow up sloping St segment increases the
specificity but decreases sensitivity [6].
ST Segment Elevation:
Exercise induced ST segment elevation may occur in an infract territory
where Q waves are present or in a non infract territory. The development
of 0.1 mV (1 mm) or greater of J point elevation, persistently elevated
greater than 0.1 mV at 60 m sec, after the J point in three consecutive
beats, with a stable base line is considered an abnormal response. This
finding occurs in approximately 30% of patients with anterior myocardial
infractions and 15% in patients with inferior ones tested early (within 2
week) after the index event and decreases in frequency by 6 weeks. As a
group post infracts patients with exercise induced ST segment elevation
have a lower ejection fraction than those without, a greater severity of
resting wall motion abnormalities, and a worse prognosis. When ST
segment elevation develops during exercise in a non-Q wave lead in a
patient without a previous history of acute myocardial interaction, the
findings, should be considered as likely evidence of transmural
myocardial ischaemic caused by coronary vasospasm or high grade
coronary narrowing but it’s a rare finding occurring approximately in 1%
of patients with obstructive CAD.
T wave changes:
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The morphology of the T wave is influenced by body position,
respiration, hyperventilation, drug therapy and myocardial ischaemic
necrosis in patients population with a low CAD prevalence, pseudo
normalization of T waves (inverted at rest and becoming upright with
exercise) is a non diagnostic finding but in a rare instances it could be a
marker for myocardial ischaemia in a patient with documented CAD and
it needs to be, substantiated by other techniques.
Other electrocardiographic markers:
Changes in R wave amplitude during exercise are relatively non specific
and none related to the level of exercise performed- when the R wave
amplitude meets voltage criteria left ventricular hypertrophy, the ST
segment response can not be used reliably to diagnose CAD even in the
absence of LV strain pattern. Loss of R wave amplitude commonly seen
after MI, reduces the sensitivity and the ST segment response in that lead
to diagnose obstructive CAD.
Mechanism of ST segment Displacement:
Pathophysiology of the myocardium Ischaemic response:
Myocardial oxygen consumption (MO2) is determined by heart rate,
systolic blood pressure, left ventricular end-diastolic volume, wall
thickness and contractility

[7]

. The rate pressure or double product (heart

rate X systolic blood pressure) increases progressively with increasing
work and can be used to estimate the myocardial perfusion requirement in
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normal persons and in many patients with coronary artery disease.
Oxygen extraction is maximal at rest and consumption is only increased
by increasing perfusions, and there is a linear relationship between MO2
and coronary blood flow. The principal mechanism for increasing
coronary blood flow during exercise is to decrease resistance at coronary
arteriolar level [8]. In patients with progressive narrowing of the epicardial
vessels, an ischaemic threshold occurs and exercise beyond this threshold
can produce abnormalities in diastolic and systolic ventricular function,
ECG changes and chest pain. The sub-endocardium is more susceptible to
ischaemia because of increase wall tension. Dynamic changes in coronary
artery tone at the site of atherosclerotic plaque may result in diminished
blood flow during static or dynamic exercise i.e. perfusion pressure distal
to the stenotic plaque actually falls during exercise resulting in reduced
sub-endocardial blood flow [2]. Thus

myocardial ischaemia may result

also from a limitation of blood flow.
Nonelectrocardiographic observations:
Blood pressure:
The normal exercise response is to increase systolic BP progressively to a
peak response ranging from 160-200 mm Hg – with the higher range of
the scale in older patients with less compliant vascular system [2]. Africans
Americans groups tend to have a higher systolic BP response than do
whites

[9]

. At high exercise load it is difficult sometimes to obtain a
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precise –determination of systolic BP by auscultation

[10]

usually systolic

BP does not increase significantly. Failure to increase systolic BP beyond
120 mmHg or a sustained decrease greater than 10 mmHg repeatable
within 15 seconds, or a fall in systolic BP below standing rest values is
abnormal and indicates either inadequate elevation of cardiac output and
systolic dysfunction or excessive reduction in systemic vascular
resistance [11].
An abnormal systolic BP response in patients with a high prevalence of
CAD is associated with more extensive CAD and more extensive
myocardial perfusion defects[81]. Exertional hypotension is higher in
patients with three vessels and left main stem diseases, and many other
conditions associated with failure to increase or actual decrease in
systolic BP like cardio myopathy, left ventricular flow tract obstruction,
use of antihypertensive drugs, hypovolaemia, and prolonged vigorous
exercise.
It is important to distinguish between a decline in blood pressure in the
post exercise phase and a decrease or failure to increase systolic blood
pressure during progressive exercise. The incidence of post exercise
hypotension was about 1.9 percent in 78 asymptomatic volunteers in the
Baltimore

longitudinal

study,

most

hypotensive

episodes

were

symptomatic and only two patients had hypotension associated with
bradycardia and vagal symptoms. Although ST segment abnormalities
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suggestive of ischaemic occurred in one-third of the patient with
hypotension, none of the patients had a cardiac event during 4 years
follow up.
Maximal work capacity:
This variable is one of the most important prognostic features or
measurements obtained from an exercise test [12] . maximal work capacity
in normal individuals is influenced by familiarization with the exercise
test equipment, level of training, and environmental conditions at time of
testing. In patients with known or suspected CAD, a limited exercise,
capacity is associated with increased risk of cardiac events, and in
general, the more severe the limitation, the worse the CAD extent and
prognosis. In estimating functional capacity, the amount of work
performed (or exercise stage achieved) should be the parameter measured
not the duration of exercise.
A serial comparison of functional capacity in individual patients to assess
significant interval change requires a careful examination of exercise
protocol used during both tests of drug therapy and time of ingestion, of
systemic blood pressure and of other conditions that might influence test
performance. Major reductions in exercise capacity usually indicates
significant worsening of cardiovascular status, modest changes may not*.
Exercise testing in determining prognosis:
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Exercise testing provides not only diagnostic information, but also more
importantly prognostic data and its value should be considered in light of
what already known about a patient risk status, LV dysfunction, CAD
extent, electrical instability and coronary (Co morbid conditions)
especially when estimating long term outcome.
Asymptomatic population:
The prevalence of an abnormal exercise ECG results in middle-aged
asymptomatic men ranges from 5-12%

[13]

and the risk of developing a

cardiac event is nine times greater when the test result is abnormal as
when it is normal. Also the risk is slightly increased when the result is
strongly positive. In the[81] LRC prevention trial a strongly positive test
result was defined as one in which the ST response was 0.2mV (2mm) or
greater or occurred during the first 6 minutes of exercise or at heart rate at
or below (163-0.66 x age). A positive test result was not significantly
associated with non-fatal myocardial infarction. this indicates the
difficulty in identifying patients destined to develop abrupt changes in
plaque morphology.
In Seattle Heart Watch, Bruce[81] noted that an abnormal ST response to
exercise in an asymptomatic man did not increase the likelihood of
developing cardiac events within six years in the absence of
conventional risk factors. However this likelihood increased when the
patient had any conventional atherosclerotic risk factor and two or more
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abnormal responses to exercise. The abnormal response to exercise
defined as chest-discomfort during the exercise, exercise duration less
than 6 minutes or ≤ 2 stages, failure to achieve 90% of age-predicted
maximum heart rate, or 0.1mV (Imm) or greater of horizontal or down
sloping ST segment depression with exercise or in early recovery, only
1.1 percent of the a symptomatic healthy men were

in a high-risk

category [14].
Serial change of a negative exercise ECG result to a positive one in
asymptomatic person carries the same prognostic importance as an
initially abnormal test result [13].
The prevalence of an abnormal exercise ECG result in middle-aged
asymptomatic women ranges from 20 to 30 percent

[1].

In general, the

prognostic value of an ST segment shift in women is less than in men.
Although the use of multivariate scores to predict CAD in women has
improved diagnostic accuracy, false positive results continue to be a
problem in many patients and supplemental imaging techniques are often
necessary to enhance the diagnostic performance of the test [15].
Symptomatic patients :
Exercise ECG should be performed routinely (unless there is
contraindication or it is not feasible) in patients with chronic ischaemic
heart disease before coronary angiography. Patients who have excellent
exercise tolerance (e.g. > 10 minutes) usually have an excellent prognosis
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regardless of the anatomical extent of CAD[81]. It estimates the functional
significance of angiographically documented coronary artery stenosis.
The impact of exercise testing in patients with suspected or proven CAD
was studied by Weirn and colleagues in 4083 medically treated patients
in the CASS

Study

[16]

. A high risk patient subset was identified.

(12 percent of the population) with an annual mortality of 5 percent a
year when exercise work lead was less than Bruce's stage 1 (<4 minutes)
and there is 0.1 mV (1mm) or greater ST segment depression. A low risk
patients subset (34 percent of the population) who were able to exercise
into Bruce's stage III or greater with a normal exercise ECG result had an
annual mortality less than 1 percent per year over 4 years of follow up.
Silent Myocardial Ischemia:
In patients with documented coronary artery disease the presence of
exercise-induced ST segment depression confers increased risk of
subsequent cardiac events regardless of whether angina occurs during the
test

(17)

. The magnitude of the prognostic gradient in patients with an

abnormal exercise ECG result with or without angina varies considerably
in the published literature. In the CASS data bank, 7 years survival in
patients with silent or symptomatic exercise induced myocardial
ischaemia was similar in patients stratified by coronary anatomy and left
ventricular function. With the worst survival in patients with the most
extensive CAD. In the CIP trial, coronary revascularization, was a more
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effective treatment strategy to reduce exercise induced myocardial
ischaemia than was medical therapy [18].

Unstable Angina:
The incidence of exercise-induced angina or ischaemic abnormalities in
patients who had unstable angina and who undergo predischarge lowlevel protocol is about 30-40 percent[81]. The findings of ischaemic ST
segment changes or limiting chest pain is associated with a significantly
increased risk of subsequent cardiac risk in men and postmenopausal
women [19] the absence of these findings identifies a low-risk patients.
Myocardial infarction:
Exercise testing after myocardial infarction is useful to determine:
 Risk stratification and assessment of prognosis
 Functional capacity for activity prescription after discharge
 Assessment of adequacy of medical therapy and need to use
supplemental diagnostic or treatment options

[3]

, the incidence of fatal

or nonfatal cardiac events associated with it is low. A low level
exercise test achievement of 5 to 6 minutes or 70-80 percent of agepredicted maximum is frequently performed before discharge to
establish the haemodynamics response and functional capacity [20]. The
ability to complete 5-6 minutes or 70-80 of age predicted maximum in
the absence of ECG or blood pressure abnormalities is associated with
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one-year mortality of 1-2 percent and may help guide the timing of
early hospital discharge [21]. Inability to perform low level test, poor
capacity, inability to increase, or a decrease in systolic blood pressure,
and angina or ST segment changes one all associated with increased
risk. Although B blockers may attenuate the ischaemic response, they
do not interfere with poor functional capacity and should be
continued. There is a trend

towards early pre-discharge exercise

testing (within 3 to 5 days) in uncomplicated cases (good prognostic
value). A 6-week test is useful in clearing patients to return to work
and to provide a better estimate of cardiovascular reserve at peak
exercise performance.
Risk stratification in the emergency department:
Patients who present to the emergency department are heterogonous
population with a large range of pretest risk for CAD. Clinical assessment
can identify, lower risk patients who can safely be further risk stratified
using exercise testing. The cost-effectiveness of this approach has been
demonstrated in both low and intermediate-risk patients.
Exercise testing in the emergency department should not be performed
when:
 New or evolving ECG abnormalities are noted in the resting ECG
tracing
 The levels of cardiac enzymes are abnormal.
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 The patient can not adequately perform exercise
 The patients reports worsening or persistent chest pain symptoms or
 Clinical reports indicate imminent coronary angiography is likely.
Several series of clinically low-risk subjects reported 6-month cardiac
event rates less than 1 percent with normal exercise test result [22].
Preoperative risk stratification before non-cardiac surgery:
Exercise ECG before elective non-cardiac surgery provides an objective
measurement of functional capacity and the potential to identify
likelihood of preoperative myocardial ischaemia. In patients with a low
ischaemic threshold the risk of perioperative cardiac events and adverse
long term out come is significantly increased. In patients with an
abnormal exercise ECG result at low work loads, coronary angiography
with revascularization should be considered when feasible before noncardiac operative intervention [23]
Congestive heart failure:
There is a wide range of exercise capacity in patients who have a
markedly reduced ejection fraction, with some patients having nearnormal peak exercise capacity. Symptoms in patients with congestive
heart failure are related to excessive increase in blood lactate during low
exercise levels, reduction in quantity of oxygen consumed at peak
exertion and disproportionate increase in ventilation at sub maximal and
peak workloads. This lead to increase pulmonary dead space and rapid
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shallow breathing during exercise . Dyspnoea and fatigue are the usual
reasons for exercise termination
Cardiac Arrhythmias and conduction disturbances:
The genesis of cardiac arrhythmias includes reentry, triggered activity,
and enhanced automaticity. Increased catecholamines during exercise
accelerate impulse conduction velocity, shorten the myocardial refractory
period, increase the amplitude of after potentials and increase the stage of
depolarization of action potentials. Other potentials include metabolic
acidosis and exercise induced myocardial ischaemia. Ventricular
premature complexes occur frequently during exercise and increase with
age, (0-5%) of asymptomatic patients without suspected cardiac disease
and are not associated with increased risk of cardiac death, it is not a
useful marker of ischaemic heart disease in the absence of ST segment
depression. In patients with a recent myocardial infarction, the presence
of exercise induced repetitive forms is associated with subsequent
increased risk of cardiac events.
Exercise induced ventricular arrhythmias tend to be more frequent in the
recovery phase and Beta-adrenergic blocking agents may suppress them.
Exercise testing is also useful in the assessment of patients with
ventricular arrhythmias and has an adjunctive role along with ambulatory
monitoring and electrophysiological studies. In approximately 10-15 % of

-30-

such patients, spontaneously occurring arrhythmias are observed only
during exercise*.

Supraventricular arrhythmias:
Supraventricualr premature beats induced by exercise are observed in
4-10 % of normal persons and 40 % of patients with underlying heart
disease they are not useful in the diagnosed of IHD.
Atrial fibrillation:
Patients with chronic atrial fibrillation tend to have rapid ventricular
response in the initial stages of exercise and 60-70% of the total change
in heart rate usually occurs within the first few minutes of exercise.
Pharmacological control of the ventricular rate does not necessary result
in a signification increase in exercise capacity, which is usually related to
the underlying cardiac disease.
Sick sinus syndrome:
Patients with sick sinus syndromes in general have a lower heart rate at
submaximal and maximal workloads compared with control subjects.
However, 40 -60 % will have a normal exercise heart rate response.
Atrioventricular Block:
Exercise testing may help determining the need for atrioventicualr
sequential pacing especially in congenital AV block.
Left bundle branch block:
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Exercise-induced ST segment depression is found in most patients with
LBBB and can not be used as a diagnostic or prognostic indicator
regardless of the degree of St segment abnormality, but the new
development of exercise induced LBBB, which occurs in about 0.4 %
increased the relative risk of death or major cardiac events by threefolds[81].
Right Bundle Branch Block:
The resting ECG in right bundle branch block (RBBB) is frequently
associated with T wave and ST segment abnormalities. In early anterior
leads (V1-V3). Exercise induced St segment depression in leads V1-V4
is a common findings and is non-diagnostic.
The new development of exercise induced St segment depression in leads
V5 – V6 or leads 2 and AVL, reduced systolic blood pressure are useful
in detecting patients who have CAD who had and a high pretest risk of
disease(5). The presence of RBBB decreases the sensitivity of the test(24).
Preexcitation syndrome:
The presence of Wolf Parkinson syndrome (WPW) invalidates the use of
ST segment analysis of a diagnostic method for detecting CAD; false
ischaemic changes are frequently registered.
Cardiac pacemakers and implantable cardioverter-defibrillator devices:
The exercise protocol used to assess chronotropic responsiveness in
patients before and after cardiac pacemaker insertion should adjust to the
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fact that many such patients are older individuals and may not tolerate
exercise workloads. An optimal physiological pacemaker should
normalize the heart rate response to exercise in proportion to O2 uptake.
When testing patients with an implantable cardioverter-defibrillator
devices (ICD) device, the program detection interval of the device should
be known. If the ICD device is implantable for ventricular fibrillation or
fast ventricular tachycardia, the rate will normally exceed that attainable
during sinus tachycardia and the test can be terminated as the heart rate
approaches 10 beats/min below the detection interval of the device.
Specific clinical applications:
Influence of drugs and other factors:
Patients with CAD demonstrate individual variability in time to onset of
exercise-included angina, time to onset of ST segment. Depression and
cardiovascular efficiency during the test

[24]

.

Variability can be reduced by patients’ familization with the exercise
protocol and equipment, controlling for antianginal therapy and stable test
performance conditions.
Women:
The sensitivity and specificity of exercise included ST segment
depression for obstructive CAD is less in women than in men. The
decreased diagnostic accuracy results in part from a low prevalence and
extent of CAD in young and middle aged women, women tend to have a
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greater release of catecholamines during exercise, which could potentiate
coronary vasoconstriction and augment the incidence of abnormal
exercise ECG results. False positive results have been reported to be more
common during menses or preovulation. In a series of 976 symptomatic
women referred for exercise testing and coronary angiography; a low,
moderate and high risk Duke treadmill score were associated with CAD
of 79 % or greater in 19.1, 34.9 and 89.2 % respectively. The frequency
of three-vessel disease 75% or greater or left main coronary artery disease
was 3.5, 12.4 and 46% respectively

[25]

. Alexander and colleagues

compared the Duke treadmill score in 976 women and 2249 men, the
2-years mortality for women was 1, 2.2 and 3.6 for low – moderate and
high risk scores, compared with 1.7, 5.8 and 16.6 % in men. They have
similar frequency of angina but exertional angina in women was less
often correlated with CAD presence. [26].
Hypertension:
Exercise testing has been used in an attempt to identify patient who have
an abnormal blood pressure response and are destined subsequently to
develop hypertension, severe systemic hypertension may interfere with
subendocaridal perfusion and cause exercise induced ST segment
depression in the absence of arthrosclerosis, even when the rest ECG does
not show significant or T wave changes

[27]

. Exercise tolerance is

decreased in patients with poor blood pressure control [28].
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Elderly patients:
The frequency of abnormal exercise ECG pattern is greater in older than
younger individual, and the risk of cardiac events is significantly
increased because of a concomitant increase in prevalence of more
extensive CAD[29]. The greater test sensitivity of the exercise is
accompanied by slight reduction in capacity.
Diabetes Mellitus:
Coronary atherosclerosis and peripheral vascular disease are significantly
increased in diabetic as compared with non-diabetics and this correlates
closely with duration of diabetes. In patients with autonomic dysfunction
and sensory neuropathy anginal threshold may be increased and abnormal
exercise induced, heart rate and blood pressure responses are
common

[30]

. The probability of an adverse cardiac outcome in a diabatic

as compared with a non diabetic individual for a similar abnormal
exercise results are likely to be increased because of the increased risk of
dyslipidaemiea, impaired fibrinolysis and hypertension.
Safety and risks of exercise testing:
Exercise testing has an excellent safety record. The risk is determined by
the clinical characteristic of the patient referred for the procedure. In nonselected patients the mortality is less than 0.01 percent and morbidity less
than 0.05 percent

[31]

. The risk is greater when the test is performed

sooner after an acute ischaemic event.
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The risk of incurring a major complication during exercise testing can be
reduced by performing a careful history and physical examination before
the test and observing patients closely during exercise with monitoring of
the ECG, BP and symptoms and the contraindications are well defined.
Patients with critical obstruction to left ventricular out flow are at
increased risk of cardiac events during exercise.
Termination of exercise:
The use of standard test indications to terminate an exercise test reduces
risk.
Termination of exercise test should be determined in part by the patient’s
recent activity level. The rate of perceived patient exertion can be
estimated by the Bonges scale. The scale is linear with values of 9, very
light, 11 fairly light

[13]

, somewhat hard 13, hard with values of 15, very

hard with values of 17 and very very hard with values of 19. It is useful
to grade exercise induced chest discomfort on

1 to 4 scale with 1

indicating the initial onset of chest discomfort and 4 the most severe chest
pain the patient has ever experienced. The test should be stopped when
the patients reports grade 3 chest pain.
- Contraindications to exercise ECG test.
- Acute MI (<2days).
- Unstable angina with recent chest pain.
- Untreated life threatening arrthythmies.
-36-

- Acute myocarditis or pericarditis.
- Critical aeortic stenosis.
- Severe hypertrophic obstructive cardiomyopathy.
- Uncontrolled hypertension.
- Severe systemic illness (pulmonary embolism, aeortic dissection).
Risk factors for atherosclerotic disease:
Cardiovascular disease is the single most common cause of death in the
developed would and accounts for almost 1 million fatalities in the
United States alone each year.
For an epidemiological perspective a "risk factor " is a characteristic or
feature of an individual or population that is present early in life and its
associated with an increased risk of developing future disease.
Pathogenesis of various coronary syndromes:
The progression of early atherosclerotic lesion to clinically manifest,
enlarging atherosclerotic plagues, such as those causing exertional
angina, is often more in people with coronary risk factors.
In some plagues progression is slow, and probably a continuation of the
complex biological process initiated by chronic endothelial injury or
damage responsible for the early lesion. In most growing lesions,
however progression is probably rapid and follows recurrent minor
fissures of the most fatty or atheromatous plague with subsequent
thrombus formation, and fibrotic organization causing coronary stenosis.
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If these are significant, exertional or silent ischaemia commonly result
from increase in myocardial oxygen demand that out strips the ability of
stenosed coronary artery to increase oxygen delivery.
Vascular biology of risk factors:
Lipoproteins:
Lipoprotein are high molecular weight complexes of lipids and proteins
that circulate in the blood. Their physiological functions include transport
of lipids to cells for energy, growth requirements and storage.
The role of cholesterol in the pathogenesis of atherosclerotic heart disease
remained controversial until recently. Early experiments by Antis
Chow[81] on cholesterol fed animals and the later identification of
cholesterol as an important constituent of the plaque furnished land mark
clues in the case against cholesterol in the pathogenesis of cardiovascular
disease [32]
The importance of serum or plasma cholesterol emerged not only from
the large epidemiological studies conducted afterwards but also from the
large body of the epidemiological data that include the seven country
study, the Ni-Hon-San study the Northwick park study and more recently,
the prospective cardiovascular Munster (Brocam) Study [33].
Lipoproteins are also metabolic precursors of biologic regulators such as
prostaglandin, thromboxanes and leukotriens.
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LDL (low density lipoprotein) promotes athrogenesis by affecting one or
several of the processors of influx and efflux of the vessel wall. Elevated.
LDL also promote thrombosis.
HDL (heavy density lipoproteins) promote cholesterol efflux from
atherosclrotic lesions, possibly through a receptor mediated mechanism,
observational data and experiments in vitro suggest that HDL containing
apo A.I is protective.
Evidence is going that triglyceride rich lipoproteins are important
contributors to the development of coronary disease.
Smoking:
Cigarettes smoking constitutes the single most important modifiable risk
factor in the coronary artery disease and the leading preventable cause of
death in the United States where it accounts for over 400,000 deaths
annually

[34]

. Smoking has a particularly staggering impact in the third

world, almost one-half billion individuals worldwide will eventually die
of smoking related complications

[35]

. Even among non-smoker inhaled

smoke also greatly increase coronary risk [36].
Land mark studies in the early 1950 first reported strong positive
association between cigarette exposure and coronary heart disease, over
the next 40 years, an exceptionally consistent series of prospective studies
have clearly documented the effects of smoking on coronary risk, these
studies suggest that, compared with non-smokers, those who consume 20
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or more cigarettes have a two-three folds increase in total coronary artery
disease risk [36].
Smoking affects atherothrombosis by several mechanisms inducing an
elevation in blood fibrinogen concentration, enhancing platelets activity
and

increasing

whole

blood

viscosity

by

inducing

secondary

polycythaemia. In addition to accelerating atherosclerotic progression[37],
long-term smoking may enhance oxidation of LDL-c and reduces levels
of HDL-C[38]. It also impairs endothelium dependent coronary artery
vasodilation[39], has multiple adverse haemostatic effects[49], increases
inflammatory markers such as CRP, soluble intercellular adhesion .
Molecule -1 (ICAM-1) and Fibrinogen [40] . Compared with non-smokers,
smokers have an increased prevalence of coronary spasms,[41] and may
have reduced thresholds for ventricular arrhythmia.
Hypertension:
In contrast to cigarette smoking, hypertension is often a silent
cardiovascular risk factor, elevated levels of blood pressure consistently
correlate with elevated risks of stroke and myocardial infarction and an
early metanalysis that evaluated over 5500 cardiovascular events found a
27 % increase in risk of coronary heart disease and 42 % increase in risk
of ischaemia for every 7mm Hg elevation of diastolic blood pressure[42].
Even among individuals without diastolic hypertension, isolated increases
in systolic pressure are risk factor. It increases the risk for non-fatal
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myocardial infarction and cardiovascular death among both general
population samples [29] and apparently low risk groups. [43]
With regard to treatment, blood pressure reduction greatly reduces risk,
even among individuals with mild to moderate hypertension. In an over
view analysis, pharmacological reductions in diastolic blood pressure of 5
to 6 mmHg appear to reduce the risk of stroke by over 40%, and the risk
of vascular mortality by 21 % and the risk of coronary heart-diseases by
14 percent [44].
Insulin resistance and diabetes:
Three-fourth of all deaths among diabetic patients result from coronary
heart disease

[45]

. Compared to unaffected individuals, diabetic patients

have a greater atherosclerotic burden both in the major arteries and in the
micro vascular circulation, not surprisingly, diabetic patients have
substantially increased rates of atherosclerotic complications in the
setting of both in the primary prevention and after coronary interventional
procedures

[46]

. Thus insulin resistance and diabetes mark among the

major cardiovascular risk factors.
Patients with diabetes have three to five folds increased rates of further
cardiovascular events [47] with even higher rates reported among diabetic
women

[48]

. However, although hyperglycemia is associated closely with

micro vascular disease, insulin resistance itself promotes atherosclerosis
even before it produces frank diabetes
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[49]

. This finding has promoted

recommendations for increased surveillance for the insulin resistance
syndrome a cluster of glucose intolerance and hyper insulinaemia
accompanied by hypertriglyceridaemia, low HDL levels and a
predominance of small dense LDL particles. It also produces a
prothrombotic state due to increased levels of PAI-1 and fibrinogen[50].
In addition to these systemic metabolic abnormalities hyperglycemia
causes accumulation of advanced glycation end products inculpated in
vascular damages[51].

Furthermore, diabetic patients have markedly

impaired endothelial and small muscles function

[52]

and appear to have

increased leukocyte adhesion to vascular endothelium, a critical early step
in athrogenesis, and diabetic nephropathy accelerates these adverse
processes
Despite evidence concerning pathophysiological abnormalities associated
with diabetes and epidemiological data describing increased hazards
associated with hyperglycemia few clinical trials have evaluated whether
improved glycaemic control improves cardiovascular risk. The diabetes
complications and the control trials of strict glycaemic control among
(IDDM) reported benefits on micro vascular end points but did not find
significant benefits on coronary events rates[53] Similarly, the United
Kingdom prospective Diabetes study found only marginal benefit for
improved glycemic control among non-insulin dependent diabetics[54].
Thus as outlined later, exercise, diet, avoidance of obesity and aggressive
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control risk factors remain primary targets for risk reduction in type II,
populations[54].
Exercise and Obesity:
Regular physical exercise reduces myocardial oxygen demand and
increases exercise capacity, both of which are associated with lower
levels of coronary risks[55] . A consistent series of prospective studies
have demonstrated an association between levels of physical activity and
reduced rates of cardiovascular morbidity and all-cause mortality[56], for
example, in a prospective evaluation of Harvard Olumni initially free of
apparent cardiovascular disease, those men with the highest level of
activity at baseline had a 40% reduction in non-fatal cardiovascular
events , and 24% reduction in cardiovascular death compared with those
with sedentary life styles. [56] whereas the level of exercise in early life
predict long term exercise pattern, significant reductions in subsequent
risk also applied to individuals who were initially sedentary but later
increased exercise levels [57]. Thus, increasing exercise levels even in mid
to late life reduces coronary risk in men [58] and women[55], The American
heart Association has recommended an exercise energy expenditure
approaching 2000 calaries each week, a level of exercise that can be
achieved with modest daily exertion [59].
The mechanisms by which exercise lowers cardiovascular risk remain
uncertain but likely include favorable effects on blood pressure[60], weight
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control , lipid profiles

[61]

, and improved glucose tolerance

[62]

exercise

also improves endothelial function, enhances fibriolysis, reduces platelets
reactivity and reduces propensity for in situ thrombosis[63 ]
It is important to recognize that obesity itself is associated with
substantially increased cardiovascular risk, regardless of activity levels.
For example, the Nurses Health Study revealed a direct linear relation
between body mass index and subsequent risk of coronary heart
disease[64] as does the distribution of body fat. Recent studies indicate that
the index to hip ratio, or abdominal obesity is an independent marker of
vascular risk both in women and older men[65.] .
Controversy remains as to whether obesity itself is a free risk factor for
cardiovascular disease or whether its impact on vascular risk is mediated
solely through interrelations with glucose intolerance, insulin resistance,
hypertension, physical in activity and dyslipidaemia.
Mental stress and cardiovascular risk
The adrenergic stimulation of mental stress can clearly augment
myocardial oxygen requirements and aggravate myocardial ischemia .
Mental stress can cause coronary vasoconstriction, particularly in
atherosclerotic coronary arteries and hence can influence myocardial
oxygen supply as well[66], Myocardial ischemia provokable by mental
stress can predict future coronary events[67]. Catecholamine can also
promote alterations in thrombosis and coagulation that might favor clot
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formation and stability. These factors may well trigger complications of
preexisting atherosclerotic lesions. The increase in coronary death
documented during missile attacks or natural disasters such as
earthquakes support this concept [68].
what remains uncertain is the effect of mental stress per se on the
development of atherosclerosis[69]. Studies in this regard have proved
challenging because the metrics for mental stress lend themselves less
well controlled than other more readily quantified risk factors.
Estrogen status:
Before menopause, women have lower age –adjusted incidence and
mortality rates for coronary heart disease than men. Gender-specific
incidence rates converge after menopause, suggesting a major role for
estrogen in delaying progression of atherosclerosis, much of this effect
results from beneficial actions of estrogen on lipid fractions. In studies of
exogenous oral estrogen replacement therapy such as the Post
mengrpousal menopausal Estrogen Progestion Intervention (PEPI) Trial
progesterone intervention, estrogen reduced LDL-L by 10 to 15 % while
increased HDL-L, apoA1, and triglycerides[70] the mechanism of this
effect results partly from a first –pass action in the liver that augments
LDL catabolism while reducing activity of hepatic lipase with subsequent
promotion of hepatic HDL ,Uptake [71 ].
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The lipid effects of estrogen, however explain only part of the apparent
cardiovascular benefits enjoyed by premenupousal women and women
taking hormone replacement therapy[71].
Estrogen must therefore have other potentially beneficial effects[72]. These
likely include direct vascular mechanisms such as improved endothelial
dependent vasomotion[73], altered adhesions molecules levels, increased
libindytic capacity [74] and enhanced glucose metabolism [75].
Despite those data, exogenous estrogen use among young women as
form of contraception is associated with increased rates with intravascular
thrombosis including deep venous thrombosis, pulmonary embolism as
well as myocardial infiltion and stroke. These effects are particularly
prominent within smokers so they should use alternative forms of
contraceptives[76].
By contrast, among post-menopausal women using hormone replacement
therapy, prospective observational studies suggest that estrogen use
reduces cardiovascular risk by 35 to 45 % [77]. In one study estrogen users
had an adjusted relative risk of coronary heart disease 40% lower than
that of nonusers [78]. However, the clinical utility of estrogen replacement
therapy remains controversial.
None-Atherosclerotic risk factors:
Despite the importance of blood lipids, half of all myocardial infarctions
occurs among individuals without overt lyprlipodemia. Several novel
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markers of atherothrombotic risk have emerged from low epidemiological
studies and might prove useful clinically. However when considering
adoption of screening for any new cardiovascular risk factor, clinicians
need to consider. Whether there is a standardized and reproducible assay
[79]

for the marker of interest

whether there is a consistent series of

prospective studies demonstrating that baseline of a given parameter
predict further risk, and whether the novel marker adds to the predictive
value of lipid screening

[80]

. There are five promising novel markers of

cardiovascular risk; total plasma homocysteine, fibrinogen, LP(a)
fibrinolytic functions as ascertained by E-PA or PA-1 antigens, and
markers of low grade inflammation such as CRP, physicians should also
consider the relative magnitude of novel markers in terms of risk
prediction particularly in comparison to lipid screening.
Cardiac Cathetarization :
Angiography provides detailed evaluation of both the anatomy and the
haemodynamics of the heart and remains the gold standard of assessment
of coronary arteries. It gives valuable prognostic information that can be
gathered from the haemodynamic assessment at the time of cardiac
catheterization.
Cardiac catheterization is most commonly performed to determine the
nature and extent of coronary insufficiency in the symptomatic patient in
who surgical or interventional therapy is contemplated. It is also used to
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exclude the presence of significant disease when findings from other
modalities such as stress test or echocardiography are equivocal, or when
the patient continues to be severely symptomatic and definite diagnosis is
important in the patient management
Because coronary angiography is the only technique capable of
accurately defining the severity and the extent of coronary disease, it is
important in the assessment of patients being considered for
revascularization.
It is also indicated in patients with high risk for adverse outcome based
on non invasive testing, in patients with severe angina on medical
therapy, in unstable angina, in chest pain of undetermined origin when
noninvasive testing is equivocal and in high risk patients undergoing
cardiac surgery.
In acute MI cardiac catheter is indicated in:
Primary reperfusion with angiography.
Recurrent

ischaemic

episodes

during

hospitalization.

Shock

or

haemodynamic instability.
Mechanical complications such as mitral regurgitation or ventricular
septic defect.
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OBJECTIVES
The objective of the study is:
¾ To see the mode of clinical presentation of coronary heart disease
and
¾ To correlate it to both the exercise test and coronary angiography
in patients suspected to have ischaemic heart disease.
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Patients and methods
This is a retrospective study, which is conducted in Sudan Heart
Centre.
Inclusion criteria:
The study selected patients who fulfilled the following criteria.
Sudanese patients with (+ve) exercise tolerance test who were
referred for coronary angiography.
Exclusion criteria:
 Patients with (-ve) exercise test.
 Patients known to have acute coronary syndromes or patients who
had pervious myocarial infarction.
Methodology:
A. Questionnaire designed to show patients risk factors and
symptoms of IHD and ECG and echocaridoghraphic findings.
B. Information also taken from patients notes and records.
C. Investigations:
¾ ECG.
¾ Echocardioghraphy.
¾ Lipid profile.
¾ Cardiac catheter.
¾ The BP levels were divided into 5 groups:
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- Normal: → < 130/85.
- Heigh normal: 130/85 – 139/89.
- Mild: 140/90 – 150/99.
- Moderatic: 160/100 – 179/109.
- Severe: > 180/110.
Cholesterol levels was chividal in to 3 groups:
- Normal: 100-149.
- High normal: 150-199.
- Heigh: >200.
Triglecerides were divided into 2 group:
- Normal < 150.
- Heigh > 150.
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Results
103 patients were studied. The distribution of age within the study group
was 8 patients < 40 years (7.608%) and 95 patients > 40 years (92.2%)
.40 patients were females (38.8%) and 63 were males (61.2%).[fig 1,2].
Concerning risk factors diabetes was obtained in 27 patients (26.7%), 54
patients (52.9%) were hypertensive, 31 patients (31.1%) gave history of
smoking and 24 patients (24.2%) patients have positive family history of
Ischaemic heart disease. [Fig 3,4,5,6] respectively.
62 patients had serum cholesterol level estimated: 11 patients had
normal readings (17.7%), 38 patients had high normal readings (61.3%),
13 patients had high readings (21%).
Regarding the clinical presentation 89 patients (86.4%) presented with
chest pain,[Fig 7] 40 patients (38.8%) gave history of palpitations, 47
patients (46.5%) complain of dyspnoea, 3 patients (3%) experienced
lower limb swelling and history of cough was found in 12 patients
(11.7%).
The distribution of patients with regards to blood pressure was as follows:
Normal 43 patients (44.8%)
High normal 12 patients (12.5%)
Mild hypertension 15 patients (15.6%)
Moderate hypertension 12 patients (12.5%)
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Severe hypertension 14 patients (14.6%)
In correlating the degree of hypertension with angiographic findings: for
the first group which recorded as normal 20patients have normal coronary
study (50%), 10

had single vessel disease (25%), 5

had two vessel

disease (12.5%) and 5 had three vessel disease (12.5%).
In patients with high normal blood pressure 5 patients had normal study
(50%), 2 had single vessel disease (20%) and 3 had three-vessel disease
(30%)
In those with mild hypertension 6 patients (42.9%) had normal study 3
had single vessel disease (21.4%), 2 had two vessel disease (14.3%) and
three had three vessel disease (21.4%)
In patients with moderate hypertension 6 had normal study (60%), 3 had
single vessel disease (30%) and 1 had two-vessel disease (10%).
In those with severe hypertension 8 patients had normal study (57.1%), 2
had single vessel disease (14.3%) and 4 patients had three-vessel disease
(28.6%) [P value 0.720 not significant] [Fig 8].
Cardiovascular examinations revealed normal findings in all patients;
with exception of the BP. Other signs were also normal except 3 patients
who were found to have lower limb oedema.
The resting electrocardiogram (ECG) was done in 87 patients and it was
normal in 36 patients (41.4%) with voltage criteria of left ventricular
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hypertrophy (LVH) in 5 patients (5.7%). T-wave inversion and ST
segment depression were found in 26 patients (29.9%). 20 patients (23%)
had left axis deviation.
The Echocardiogram was recorded in 53 patients (51.5%) in whom 24
patients (45.3%) patients has normal studies. LVH in 20 patients (37.7%)
and hypo or akinetic wall motion was found in 9 patients (17.0%)
patients.
Concerning the coronary angiography, the left main coronary artery was
involved in 4 patients (3.9%) [Fig 9]
For the left anterior descending coronary artery, 60 patients had normal
study (67.4%) 14 had stenosis < 70% (15.7%) 15 had > 70% stenosis
(16.7%). [Fig 9]
Regarding the left circumflex artery, 70 patients (79.5%) had normal
study and 7 patients had < 70% stenosis (8%)and 11 patients had have >
70% stenosis (12.5%) [Fig 9]
70 patients had normal right coronary artery study (77.8%), 6 patients
had < 70% stenosis (6.6 %) and 14 had > 70% stenosis (15.6%) [Fig 9].
Ejection fraction was recorded in only 12 patients of whom it was less
than 50% in 4 patients (33.3%) and more than 50% in 8 patients (66.7%)
The diagnosis was recorded as normal study, single vessels disease,
2-vessele diseases or 3-vessel disease.
Patients recorded as normal study were 50 patients (52.6%).
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Single vessel disease (SVD) was 21 patients (22.1%), 2 vessels disease
(2VD) were 8 patients (8.2%) and 3 vessels disease (3VD) were 16
patients (16.8%).[Fig 10]
The treatment options were either medical, surgical or percutanious
transluminal coronary angioplasty (PTCA). The percentages were as
follows, patients for medical follow up were 11 patients (11.8%), patients
for PTCA were 9 patients (9.7%) and patient for surgical intervention
were20 patients (21.5%). The report was missing concerning 63patients
(47%).
Concerning the coronary angiographic findings in diabetic diabetics;
[27 patients] 11 patients (44%) had normal study, 4 patients (16%) had
SVD, 3 patients (12%) had 2VD and 7 patients (28%) had 3VD. [p value
0.295 not significant]. [Fig 11]{Table 2}
The percentages within smokers were; 12 patients with normal studies
(42.9%), 8 patients (28.6%) with SVD, 2 patients (7.1%) with 2VD and 6
patients (21.4%) with 3VD. [P value 0.339 not significant].{Table 3}
In patients with +ve family history of IHD [24 patients], 11 patients
(52.4%) had normal coronary studies, 2 patients (9.5%) had SVD, 4
patients (19%) had 2VD and 4 patients (19%) had 3VD.{Table 4}
In patients with normal cholesterol level, 4 patients (40%) had normal
coronary studies, 2 patients (20%)had SVD, 1 patient (10%) had 2VD
and 3 patients (30%)had 3VD.
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In patients with high normal cholesterol level, 16 patients (48.5%) had
normal study, 12 patients (36.4%) had SVD, 1 patient (3%) had 2VD, and
4 patients (12.1%) had3VD.
In those with high cholesterol level, 6 patients (46.2%) had normal study,
2 patients (15.4%) had SVD, 3 patients (23.1%) had 2VD, and 2 patients
(15.4%) had3VD. [P value 0.268 not significant]{Table 10}
Regarding the triglyceride, in patients with values<150mg/dl.
9 patients had normal study (60%), 5 patients had SVD (33.3%), 1 patient
had 3VD (6.7%).
In patients with values >150mg/dl 4 patients (40%) had normal study, 5
patients (50%) had SVD and 1 patient (10%) had 3VD.[ p value 0.618 not
significant].[Fig 12]{Table 5}
Concerning the clinical presentation in correlation to the diagnosis, in
patients presented with chest pain 42 patients (51.9%) had normal study,
17 patients (21%) had SVD, 7 patients (8.6%) had 2VD and 15 patients
(18.5%) had 3VD. 8 patients with no history of chest pain had normal
study (57.1%), 4 patients (28.6%) had SVD, 1 patient (7.1%) had 2VD
and another 1 patient (7.1%) had 3VD.
Regarding the ECG findings in comparison to the coronary angiography
results, in patients with normal resting ECG; 20 patients (58.8%) had
normal coronary study, 9 patients (26.5%) had SVD, 2 patients (5.9%)
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had 2VD and 3 patients (8.8%) had 3VD. [P value 0.252 not
significant].[Fig 13]
In patients with LVH 3 patients (60%) had normal studies, no patients
had SVD, 1 patient (20%) had 2VD and another 1 patient (20%) had
3VD.
For ST segment T wave changes 14 patients had normal studies (61.%), 3
patients (13%) had SVD, 3 patients reported with (13%) 2VD and another
3 patients (13%) had 3VD.
Concerning the Echocardiography, in patients with normal Echo (23
patients), 17 patients had normal coronary study (73.9%), 3 patients
(13%) had SVD, 1 patient (4.3%)had 2VD and 2 patients (8.7%)had
3VD.
In patients with LVH (18 patients), 6 patients (33.3%) had normal study,
3 patients (16.7%) had SVD, another 3 patients had 2VD and 6 patients
had 3VD (33.3%).
In whom reported as having wall dyskinesia or akinesia 3 patients had
normal study (37.5%), 3 patients had SVD (37.5%), 1 patient (12.5%)
had 3VD. [ p value 0.101 not significant]. One patient had 2VD (12.5%).
Regarding the ejection fraction, in patients with EF<50% no patients
reported as having SVD, 2 patients with 2VD (50%) 2 patients with 3VD
(50%). In patients with EF> 50% 4 patients has SVD (50%), 1 patient had
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2VD (12.5%), 3 patients has 3VD (37.5%). [P value 0.165 not
significant].[Fig 14] {Table 1}
Age was divided into groups:
In males:
Age group (30-39 years) 2 had normal coronary study (50%), 1 had
single vessel disease (25%), 1 had three-vessel disease (25%).
(40-49 years) 5 had normal coronary study (45.50%), 4 had single
vessel disease (36.4%), 2 had two-vessel disease (18.2%)
(50-59 years) 7 had normal coronary study (38.9%), 8 had single
vessel disease (44.4%), 2 had two-vessel disease (11.1%) and 1 had
three-vessel disease (5.6%)
>60 years 6 had normal coronary study (25%), 8 had single vessel
disease (25%), 2 had two-vessel disease (8.3%) and 10 had three-vessel
disease (41.7%) [P value 0.161 not significant].{Table 6,7}
In females:
Age group (30-39) 3 patients had normal coronary studies with no
patients reported as SVD, 2VD, and 3VD.
In the age group of (40-49) years 13 patients had normal coronary
study (86.7%), no patients reported as SVD or 2VD and 2 patients
(13.3%) have 3VD.
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In the age group of (50-59) 7 patients reported as normal study (70%) 2
patients has SVD (20%), 1 patient has 2VD (10.0%) and no patient has
3VD.
In the group of (60-69) 4 patients (66.7%) had normal study and 2
patients have 3VD (33.3%).
In the age group >70 3patients has normal study (75%); 1patient has 2VD
(25%) and no patients reported as SVD or 3VD. [P value 0.209 not
significant]. [Fig 15] {Table 8,9}.
The distribution of patients by occupation was as follows:
- House wives were (32.2%)
- Government employee (28.7%).
- Skilled laborers (24.8%)
- Retired (14.9%)
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Table 1: The effect of ECHO findings on diagnosis
Diagnosis
Normal

SVD

2VD

3VD

Normal

17(73%)

3(13%)

1(4.3%)

2(8.7%)

LVH

6(33.6%) 3(16.7%) 3(16.7%) 6(33.3%)

Dys, Hypokinesia

3(37.5%) 3(37.5%) 1(12.5%) 1(12.5%)

Echo findings

(P value 0.101)
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Table 2: The effect of diabetes on diagnosis
Diagnosis
Diabetes

Normal

SVD

2VD

3VD

Yes

11(44%)

4(16%)

3(12%)

7(28%)

No

39(57.4%) 15(22.1%) 5(7.4%) 9(13.2%)

(P value 0.295)

-61-

Table 3: The effect of smoking on diagnosis
Diagnosis
Smoking

Normal

SVD

Yes

12(42.9%) 8(28.6%)

No

37(58.7%) 10(15.9%) 8(8.8%)

(P value 0.399)
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2VD
2(7.1%)

3VD
6(21.4%)
10(15.9%)

Table 4: The effect of family history of IHD on diagnosis
Diagnosis
Family history

SVD

Normal

2VD

3VD

4(19%)

4(19%)

Yes

11(52.4%) 2(9.5%)

No

39(54.9%) 16(22.5%) 4(5.6%)

(P value 0.186)
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12(16.9%)

Table 5: The effect of triglycerides level on diagnosis
Diagnosis
Normal

SVD

Normal

9(60%)

5(33.3%)

1(6.7%)

High

4(40%)

5(50%)

1(10%)

Triglycerides

(P value 0.618)
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2VD

3VD

Table 6: The effect of male age on diagnosis

Diagnosis
Age group

Normal

SVD

30-39

2(50%)

1(25%)

40-49

5(45.5%) 4(36.4%) 2(18.2%)

50-59

7(38.9%) 8(44%)

2(11.1%) 1(5.6%)

>60

6(25%)

2(8.3%)

(P value 0.161)
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6(25%)

2VD

3VD
1(25%)

10(41.7%)

Table 7: Distribution of male patients by age groups

Age group

%

30-39

6.8

40-49

26.2

50-59

29.1

>60

37.9
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Table 8: Distribution of female patients by age groups
Age group

%

30-39

7.5

40-49

40

50-59

25

60-69

17.5

>70

10
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Table 9: The effect of female age on diagnosis
Diagnosis
Age group

Normal

30-39

3(100%)

40-49

13(86.7%)

50-59

7(70%)

60-69

4(66.7%)

>70

3(75%)

(P value 0.209)
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SVD

2VD

3VD

2(13.3%)
2(20%) 1(10%)
2(33.3%)
1(25%)

Table 10: The effect of cholesterol level on diagnosis

Diagnosis
Normal

SVD

2VD

3VD

Normal

4(40%)

2(20%)

1(10%)

3(30%)

High normal

16(48.5%) 12(36.4%) 1(3%)

High

6(46.2%)

Cholesterol level

(P value 0.225)
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2(10.4%)

4(12.1%)

3(23.1%) 2(15.4%)

Fig (1):Distribution of patients by age group

7.8%

<40
>40

92.2%

Fig (2): Distribution of patients by gender

38.8%

Males
Females
61.2%
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Fig (3):Distribution of patients by history of diabetes

26.7%

Yes
No

73.3%

Fig (4):Distribution of patients by history of hypertension

47.1%

Yes
No
52.9%
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Fig (5):Distribution of patients by history of smoking

31.1%

Yes
No

68.9%

Fig (6):Distribution of patients by family history of IHD

24.2%

Yes
No

75.8%
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Fig (7):Distribution of patients by history of chest pain

14.6%

Yes
No

86.4%

Fig (8):The correlation between blood pressure and diagnosis
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Fig (9):The distribution of coronary arteries involvement
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Fig (10): The percentage of different diagnosis in coronary findings
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3VD

Fig 11: The effect of diabetes on diagnosis
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Fig (12): The effect of triglycerides level on diagnosis
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Fig (13 ):The effect of ECG findings on diagnosis
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Fig (14): Distribution of patients by ECHO findings
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Dys,Hypokinesia

Fig (15):The effect of female age on diagnosis
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Fig (16):Distribution of patients by occupation
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Retired
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DISCUSSION
In our study population females were 40 patients (38.8%). The presence
of false positive exercise test results in females was 60% where it was
40% in males. And this might correlates with the (CASS) study done by
DAWeiner et al

[82]

,they studied 1465 males and 580 females and they
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found that the false positive results differed between males and
females.(12+/-1 present versus 53+/-3) and the increased frequency of
false positive results in both sexes in our study may be due to the small
number of patients or to the coronary angiography done for low risk
group of patients, or may be because the description of chest pain was not
very accurate in females. Another study done by Debe R, Juclelson et al
[83]

for examination of the gender bias in evaluating coronary artery

disease in females found that false positive stress testing was associated
with 40% in female versus fewer than 10% in males. They found that the
sensitivity and specificity of exercise induced ST segment depression for
obstructive CAD are less in females than in males, the decreased
diagnostic accuracy results partially from a lower prevalence and extent
of CAD in young and middle aged females. Females tend to have a
greater release of catecholamines during exercise, which could potentiate
vasoconstriction and augment the incidence of abnormal exercise ECG
results ( the P. value in our study in this correlation was highly significant
P 0.0001).
In our study females were divided into five groups, in the first group (3039) the presence of false +ve exercise results was 100%, in the second
group (40-49) it was 86.7%, and in the third group (50-59) it was 70%.
So with the increase in age the false positive results decreased and the
correlation was not statistically significant (P 0.209). Dtch Med
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Wochencher

[84]

studied

exercise ECGs in 252 females aged 20-49

without evidence of organic heart disease, the frequency of false positive
results increased with increase in age. In group I (20-29) it was 5% and in
group II (30-39) it was 20% and in group III (40-49) it was 38%, so the
contradiction with our results and this study may be due to the increase
awareness within young age groups here in Sudan specially these
educated generation in whom seeking of medical advise is more than in
older patients in addition to difficulty in evaluating chest pain in females
in general.
Sex differences in pathophysiologic treatment and cause of coronary
artery disease (CAD) have been described extensively and accurate
diagnosis

of

CAD in females remains challenging, the Framingyham

study was among the first to describe discrepancies in the number of
males and females reporting followed by acute MI. This display is in part
due to the difficulty in evaluating chest pain in females, whose
assessment often are characterized by an increased prevalence of false
positive exercise test, false positive radionuclide tests and substantial sex
bias.
Concerning history of chest pain in correlation to coronary angiography
findings, 42 patients (51.9%) had normal coronary artery study while 39
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patients (48%) had abnormal study ranging from SVD, to 2VD and 3VD.
In a similar study done by Bartel et al

[85]

,They studied a group of

patients who presented with the various types of chest pain and they were
tested using both exercise test and coronary angiography and they
assumed angiography indicates patients true status whether there is
coronary artery stenosis of at least 70%, they found that patients with
abnormal coronary artery study were 137 and 148 patients with true
positive test were (92.5%) while patients with false positive test were
(7.3%).They also studied patients with negative exercise test and they
found that patients with false negative results were 90(44.5%) and
patients with true negative tests were 112(55.4%),so they concluded that
if a patient with chest pain , like those in this study has a positive exercise
test , the probability of significant coronary artery stenosis goes from 65
before the test to 93 if the exercise test is positive (the predictive value of
a positive test) and if the test is negative the probability decreased from
65 to 55 (the predictive value of a negative test).
The absence of correlation in our study may be because the history of
chest pain was not clearly specified and there could be a proportion of
patients without typical anginal pain and also the females in whom there
is a great difficulty in evaluating chest pain. Another problem is the
deficiency in records as there were some patients in whom definite
diagnosis was not specified and also the small sample size.
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In patients with diabetes the presence of angiographic CAD was 56%,
4 of them (16%) with SVD and 3(12%), 7(28%) were with 2VD and 3VD
respectively. The most common lesion in diabetes concerning diagnosis
was 3VD, which could be considered as severe coronary artery disease.
In a study done by David P. Lee et al[86] they studied the utility of the
exercise test in diabetic patients ,they found that 38% had an abnormal
exercise test and the presence of angiographic CAD was 69%, they also
found that the number of diseased vessels is significantly increased in
diabetic patients. The P value in our study was not statistically significant
(0.295) may be because diabetics represented only 27 patients of the
study group (26.7%)and the diagnosis was not labeled clearly in a
proportion of patients (2 patients) and also the small number of patients
studied.
Severe systemic hypertension may interfere with subendocardial
perfusion and causes exercise induced ST segment depression in the
absence of atherosclerosis, even when the resting ECG does not show
significant ST or T wave changes[87]. In our study 60% of the patients
with voltage criteria of LVH shown in the ECG had a normal coronary
angiographic study and this point to the significance of LVH as one of the
important causes of false positive exercise ECG test. IN this study
hypertensive patients were divided in to five groups of normal, high
normal, mild, moderate and severe hypertension. In correlating the degree
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of hypertension with coronary angiography findings, the presence of
normal coronary study was more in patients with normal blood pressure
and 15 patients of those labeled as having severe hypertension had 3VD,
so 3VD is more associated with patients with poorly controlled
hypertension and this reflects the need for aggressive control of the blood
pressure and that hypertension is one of the modifiable risk factors. The
correlation is again not statistically significant and this may be because as
mentioned previously that false positive results are more common in
patients with LVH and hypertensive patients represented 52.9% of the
study group (54 patients) but mainly the small sample size.
Dyslipidemia is one of the most important modifiable risk factors in
ischaemic heart disease. In this study the serum cholesterol was estimated
in only 60.1% of the patients (62patients) and they were divided into
normal and high normal and high cholesterol level. Coronory artery
lesions were associated with high normal and high cholesterol level but
the total number of the affected vessels in high normal and normal levels
was equal and this was not statistically significant (P 0.268) may be
because cholesterol level was not estimated in all patients (only in less
than half of the patients). In the study done by Ubbink J B, Vermeiak W
J< Bennet J M et al,

[88]

they studied the prevalence of

hypercholesteraemia in angiographicaly defined coronary heart disease
and they found that the prevalence of hypercholesteraemia was 34.9% ,in
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our study it was 34.8% but no graded strength of association between the
number of stenotic coronary arteries could be demonstrated and this
correlates with our findings in that number of patients with 3VD is equal
in patients with high normal and high cholesterol levels.
Triglycerides levels were also estimated but in only 13 patients and the
results in correlating patients with normal or high levels were equivocal
with the same number of patients who had abnormal coronary
angiography findings and those with normal findings and this was not
statistically significant. Triglycerides as a risk factor for coronary artery
disease is still a matter of research and till now the results are equivocal.
Unfortunately other parameters of lipid profile (LDL, HDL) are not
routinely done because full lipid profile is an expensive investigation and
most of the patients can not afford to do it, and may be this is one of the
factors that affected the correlation and gave rise to insignificant results.
For many years general practitioners have been suspecting that coronary
heart disease runs in families, but it is only recently epidemiological and
genetic studies have provided scientific evidence for this, this is
significant because family history information enables the identification
of individuals who are at risk. In our study only 24 patients (24.2%) gave
family history of IHD, and in correlating positive family history with the
coronary angiographic findings 11 patients (52.4%) had normal coronary
study, and 10 patients (54.16%) had had coronary artery lesions ranging
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from SVD, 2VD and 3VD and 3 patients were not labeled with a definite
diagnosis.
In a study done by Grech E D, Ramsdole et al[89] for the family history as
an independent risk factor for coronary artery disease , they studied the
relation between the family history of IHD and the presence of coronary
heart disease in 387 patients undergoing coronary angiography and they
found that 107 patients (27.6%) had a family history of IHD , 52(48.6%)
had significant coronary artery disease, so the overall severity and extent
of coronary artery disease is more in those patients with positive family
history. More over the incidence of significant coronary disease increases
as the number of relatives with IHD also increased. Multiple logistic
regression analysis suggest that family history is an independent predictor
of the presence of significant coronary artery disease and the European
guidelines emphasizes that close relatives of patients with early onset of
CHD (less than 55 years in males and 65 in females) are apriority group
for risk identification and monitoring. In our study the results were not
statistically significant (P0.186) may be because of the small number of
the patients with positive family history (24 patients) and here many of
the patients can not give a definite family history of IHD for their
relatives because no regular check up or good records are available and
history of sudden death which may be due to IHD may passed unnoticed.
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History of smoking was obtained in 31 patients (31.1%) of them
12 patients (42.9%) had normal study, 8 patients (28.6%) had SVD,
2 patients (7.1%) had 2VD and 6 patients (21.4%) had 3VD and this was
not statistically significant (P0.399) may be because of that only one third
gave history of smoking and usually females in our community denied
completely history of smoking as it is against our conservative
community. Furtherly we tried to see whether smoking has favorable
effect on certain coronary arteries and we found that left coronary artery
is not affected within smokers, 11 patients had left interior descending
lesions, 6patients had their left circumflex artery affected and another 7
patients had their right coronary artery affected. Results from a large
study suggest an association between smoking and specific location of
blockages in coronary vessels. The blockages were located with the
electron beam computed tomography (EBCT) anon –invasive imaging
technique to detect coronary artery calcification, which was thought to be
related to atherosclerotic plague burden (smoking is an independent
predictor of the development of sub clinical coronary disease and follows
atherosclerotic pattern of development) this was proved by said Julie
Hoff et al.[90] They studied 22,204 persons between 30 and 93 years old
who voluntarily presented for EBCT screening between 1993 and 1997,
compared to non-smokers, smokers were more likely to develop lesions
in the left anterior descending vessels and right coronary artery. In our
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study the left anterior descending coronary artery was more affected than
the other coronary arteries within smokers followed by the right coronary
artery.
The resting ECG was done in 84.4% of the patients concerning the
correlation between the ECG and the coronary angiography findings
58.8% of the patients with normal ECG had normal coronary artery study
and 26.5%, 5.9% and 8.8% had SVD, 2VD and 3VD respectively. In
patients who had a resting ECG with ST segment depression or T wave
inversion 40% had normal study and this was not statistically significant
(P0.252). In study done by Aust NZJ et al (1977)[91]

the reader

performance in resting ECG reading and case summary interpretation was
investigated, 8 cardiologists were asked to read independently 105 ECG
summary case sheets, the results showed low levels of inter and intra
reader reliability when physicians reported on ECG traces. Reference to
the coronary artery angiography information confirmed that the resting
ECG has limited utility in the detection of coronary artery disease.
A proportion of patients were found to have more than one risk factor. 16
patients were found to have history of hypertension and diabetes and the
frequency of coronary angiography findings was 7 patients with normal
study (50%) and 7 with abnormal coronary artery findings (50%) of them
5 patients (35.7%) had 3VD. 4 patients presented with history of
hypertension, diabetes and cigarette smoking. In 2 patients (50%)
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coronary angiography findings was normal and in 1 patient (33.3%) the
finding was SVD, while the other 1 patient was not labeled with specific
diagnosis. 2 patients had history of hypertension, diabetes, smoking and
positive family history one of them had a normal study and the other had
SVD. SO we concluded that the presence of 3VD was more associated
with patients presented with history of hypertension and diabetes, but in
the other groups presented with history of hypertension, diabetes,
smoking or in addition positive family history the presence of 3VD was
not recorded and this could be explained by the small number of patients,
the fact that positive family history was obtained in small number of
patients and also cigarette smoking, and the deficiency of a clear
diagnosis for some patients was another contributing factor.

Conclusions

The conclusions of this study are: • The false positive exercise results were more associated with
females rather than males.
• Chest pain as the main presenting symptom in most of the patients
was not clearly specified or evaluated especially in females and
this may contribute to the insignificant results in correlation with
the presence or absence of IHD.
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• The presence of high normal and high chlolesterol levels was
associated with more affection of the coronary artery but not with
the number of coronary arteries involved and this correlates with
the international studies. The other parameters of lipid profile
could have a significant effect as a part of hyper or dyslipidaemia.
• The most common lesion within diabetics was 3VD more than
SVD and 2VD.
• Hypertension specially if poorly controlled is associated with more
severe coronary artery disease (3 VD) and left ventricular
hypertrophy is one of the contributing factors that gave rise to false
positive results.
• WE agreed with the international studies in that smoking may
preferentially follows a certain anatomical distribution in the
affection of coronary vessels.
• The resting ECG has limited utility in the detection of coronary
artery disease.
• In patients presented with history of hypertension and diabetes
together as multi risk factors the presence of 3VD is more than
SVD or 2VD.
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Recommendations
• During the data collection we noticed that there was deficiency in
the recording system and usually the presenting symptoms were
not given the enough attention and evaluation, so there should be
good evaluation specially in low risk group and females so as to
limit the need for more invasive procedures and every single
patient should be labeled with a clear and specific diagnosis.
• Hypertension should be controlled properly with good follow up
and check of the patients’ response and compliance to treatment.
• If it is possible, screening of at least the first degree relatives of
patients with positive family history of IHD should be done and
more evaluation in history of sudden or unexplained death may be
useful.
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• Although full lipid profile is expensive but we cannot ignore its
significance as a modifiable risk factor that may affect the survival
of patients with IHD, so it is better to do a base line for every
patient after explaining the importance of this estimation.
• Good evaluation and classification of patients to low, intermediate
and high-risk groups should be done before the referral for
coronary angiography.
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