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Summary

This was an observational study carried out in the department of cardiology.

Bangabandhu Shikh Mujib Medical University (BSMMU), Dhaka in collaboration

with Institute of Nuclear Medicine (INM), Shabag, Dhaka during the period October

2002-March 2003. A total of 54 patients presenting with Canadian Cardiovascular

Society (CCS) class I-II severity of chest pain with mean.1:SD age 49.88.1:8.44 yrs and

having male to female ratio 5.75: 1 were included in the study. The main objective of
the study was to predict severity of myocardial ischemia by Exercise Tolerance Test

(ETT) determined by Duke Treadmill Score (DTS) and by perfusion pattern observed

following Single-Photon Emission Computed Tomography myocardial perfusion
imaging (SPECT -MPI). All patients underwent ETT and then SPECT -MPI scan

using Tc-99m-tetrofosmin in one-day stress and rest protocol. Coronary angiogram

(CAG) was done with in six months of the perfusion study. After performing ETT,

patients were categorized by DTS and myocardial perfusion studies were also

stratified according to severity of perfusion defect. The formula used to calculate

the score was: Exercise. time- (5 X ST segment deviation )-(4 X Treadmill angina
index). The angiographic findings (significant >50% stenosis) and perfusion defects

in MPI were compared with the severity of DTS. There were 31 patients who,had

CAG proven (>50% luminal diameter narrowing) CAD and 23 patients free of CAD.

After ETT patients were categorized by Duke Treadmill Score into high DTS

12(22.22%) patients, intermediate DTS 20(37.03%) patients low DTS 22(40.74%)

patients. In high DTS group 91.66% patients had perfusion defect, whereas in

intermediate and low risk group it was 6O%and 40.9% respectively. In high DTS
group 91.66 % of patients had angiographicaly proven CAD, 58.33 % of them had

triple vessel disease (TVD) while in intermediate and low risk groups angiographically

proven CAD were 65% and 22.72% of whom TVD only in 15% & 0% respectively.

The results of ETT using DTS score were satisfactorily correlated with SPECT-

MPI scanning in high DTS subsets of patients only. It is therefore, suggested that
patient of high risk DTS do not need for myocardial perfusion imaging study and

should undergo CAG for further evaluation. But the intermediate and low risk groups

were needed myocardial perfusion imaging study to guide for further evaluation.
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MedicIne, Dhaka.
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Introduction

Coronary artery disease (CAD) is the leading
cause of morbidity and mortality all over the
world and it is also increasing in South Asian
countries includingBangladesh1-3. According
to the World Health Organization (WHO) in
1999 there were 7.1 million deaths from

coronary artery disease globally, and it
predicts that in 2020 this figure will have
risen to ILl million and will hold first as a

leading cause of death4. In a recent study in
Bangladesh, there is about 10% prevalence

of Coronary Artery Disease (CAD)".
Available data suggest that prevalence of
CAD is more in our country than Developed
countries"?

With this vast magnitude of population
suffering with CAD a proper and appropriate
and easily available diagnostics method is
essential for future application and
management of the patient in our country .In
the diagnosis of CAD non-invasive methods
plays a vital role, though Coronary
angiography (CAG) is the gold standard for
the defection of CADx-'J.

The non-invasive methods of detecting CAD
are Exercise Tolerance Test (ETT) , Single

Photon Emission Computed Tomography-
Myocardial Perfusion Imaging (SPECT-
MPI) by exercise or pharmacological stress,
Dobutamine stress - echo, Holter monitoring,
Electron Beam Computed Tomography
(EBCT), Magnetic resonance imaging (MRI)
with or without imaging of coronary arteries,
Positron emission tomography (PET). etc.
which are used in different clinical situation

for detection and management of CAD10-13.

Among them ETT are widely used non-
invasive method of diagnosing CAD. It does
not require expensive instrumentation &
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mortality rate is low at the range of

I :250010.14.It can be easily performed under
the guidance of an experienced physician as
recommended by American Heart
Association (AHA) and a cardiologist can do
ETT interpretation later onl('. ETT defined
Duke Treadmill Score (DTS) is also a means

for predicting severity and prognosis in
patients with CADIO,16.11has been shown that

the treadmill score added independent

prognostic information to that provide~ hy
clinical data, coronary anatomy, and left
ventricular ejection fraction17. In addition to
detection of CAD, SPECT-MPI can

determine the viable myocardium, predicts
severity of the ischemia from perfusion
pattern and also predicts prognosis in patients
with CADx.loI2,1".SPECT-MPI is performed
in a negative ETT with high pretest
probability of CAD or positive ETT in low
pretest probability of CAD, and patients with
intermediate DTS, where SPECT-MPI test
result added additional information for

further patient's managementI2131'i.

The present study was aimed to correlate the
treadmi 11score with perfusion pattern of
SPECT-MPI and angiographic severity of
CAD. The findings of the study are expected
to improve the value of ETT for evaluation
of patients with CAD with better accuracy
and help to avoid addition testing with
valuable savings of cost and time.

Materials and Methods

This prospective study was carried out in the
Department of Cardiology, Bangabandhu
Sheikh Mujib Medical Uni versity
(BSMMU), Institute of Nuclear Medicine

(lNM), Dhaka, Bangladesh during the period

from October 2002 to March 2003. Fifty-four
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patients who presented with chest pain with

known or suspecred to have coronary artery
disease attending in the Department of
cardiology and who fulfilled the following
selection criteria were included in this study.

Inclusion and Exclusion Criteria:

Patient presenting with stable chest pain
suggestive of CAD, both Q and Non-Q wave
myocardial infarction (MI), both sexes and
age ranges from 30-70 yrs were included into
the study.

Patients were excluded from the study who

had: acute chest pain of any origin, Canadian
Cardiovascular Society-class III-IV chest

pain, cardiomyopathy of any type, moderate
to severe valvular lesion of any type, heart
failure of Newyork Heart Association
(NYHA) grade III-IV, un-interpretable ECG,

ECG with resting baseline ST-depression
> Imm, LBBB, WPW-Syndrome, uncon-

trolled hypertension systolic>200 & diastolic

> II 0, mental or physical impairment leading
to inability to perform exercise adequately,
patient who were unwilling to perform the
test after adequate counseling.

Study Methods

The method used in the present study was:
a) Selection of patients suffering from chest
pain suggestive of ischemic heart disease by:
- History and clinical examination.

- Electro-cardio-graphic study (ECG),
- Echo-cardiography. (M-Mode and two-
dimensional)

b) Exercise tolerance test (ETT) and Stress

myocardial perfusion gated SPECT study
c) Coronary angiogram (CAG).

History and Clinical Evaluation

Every patient was clinically evaluated by
taking detailed history and physical

Role of Exercise Tolerance Test SK Banerjee et al.

examination during entry into study. The sign
and symptoms of the patients were carefu IIy
evaluated giving special reference to chest

pain (with CCS class), palpitation, shortness
of breath (dyspnoea) and were noted. All
patients' drug history was taken. Uses of
drugs like beta-blocker, nitrates, calcium-

channel blocker, digoxin and anti-arrhythmic
drugs were noted properly and propel'advice

were given for withdrawal of any drug if
necessary for exercise stress and Tc-99m-
tetrofosmin myocardial perfusion SPECT-
study.

Electro-cardio- graphic evaluation
Standard 12 lead ECG at rest was recorded

in all cases along with lead II for rhythm strip.
The ECG findings emphasized on (a) rate.
(b) rhythm, (c) QRS axis, (d) QRS-duration.

(e) voltage criteria, (f) R-wave, (g) Q-wave.
(h) changes in the ST segment, and (i) T-
wave change.

Echo-cardiographic study
Two-dimensional and M-mode echo was

used to detect wall motion abnormality, any
complication of myocardial infarction and

left ventricular systolic function.

Exercise testing

All patients were performed tread mill

exercise testing with the Bruce protocol. The
variables which were considered in ETT

interpretation was age, basal & peak heart

rate, blood pressure response, exercise time,

METS, ST-segment depression or elevation,
symptoms especially chest pain, arrhythmia.
dizziness, syncope & pre-syncope. All the
patients were categorized by Duke Treadmill
score (DTS) into low, intermediate & hillh-

risk groups.
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Treadmill Score: It was calculated as

following:
Exercise Time - (5 X ST-segment deviation
in mm) - (4 X Treadmill angina index).
Treadmill angina index was defined as
following:
Index 0 = No angina during exercise.
Index I = Typical angina during exercise
(non-limiting).
Index 2 = Angina was the reason to stop the
exercise (limiting).

Speet-Perfusion Study: The entire patient had
undergone stress SPECT-study by
Technetium -99m-tetrofosmin at the same

setting according to one-day stress-rest
protocol. After completion of image
acquisition, image analysis was performed
in 17 myocardial segments models by 5-

points scoring system. All the patients
grouped according to severity of perfusion
as normal, mildly abnormal, moderately

abnormal, and severely abnormal.

Coronary Angiogram (CAG): All the study
populations were subjected to CAG irres-
pective of perfusion result as a part of the

study. CAG finding and myocardial perfusion
SCAN finding were carefully compared
according to coronary artery distribution of
the myocardium. Major epicardial coronary
arteries were examined categorically to find
out stenotic lesions. A significant lesion in a
major coronary artery was defined as
reduction of luminal diameter more than 50%

adjacent to normal healthy segment.

Statistical Analysis: The numerical data

obtain from the study was analyzed and
significance of deference was estimated
by using the appropiate statistical
methods. Comparison between groups

was done by t- test, chi-square test, r-test

A pri I 2()())

and Anova as applicable. The sensitivity,

specificity ofETf & SPECT-myocardial
perfusion was calculated from the data
using specific statistical formula.

Results

In total of 54 patients' there was 46 male

patients and 08 female patients, with mean
(:tSD) age 49.88(:t8.44)' yrs. Male to female
ratio was 5.75:1(46/8). There was 39 (72lfr)

patients who presented with chronic stable
angina, and 15(28%) patients presented with
old myocardial infarction (MI). among them
09 with inferior MI, 01 with anterior MI, 02

with anterior-septal. 02 anterior-septal plus
inferior MI, & 0 I with non- Q-MI. Chest pain
with CCS-class II angina was present in
22(40%) patients and CCS-class I angina was

present in 32(60%) patients. Hypertension
(HTN) was present with 37(69%) patients.
Diabetes Mellitus (DM) was present in
19(35o/c) patient, dys-lipidemic wa-;
31(57%), smoker / tobacco 20(37%), positive
family history for IHD was 13(24Cfr) and
obesity was present in 03(5%) patients.

There were maximal tests 43(79.62C/r) and

sub-maximal tests II (20.370/c). Exercise

tests were stopped because of ST -segments
depression -I mm or greater in 22 (40.74Ijl)

cases & exercise was stopped due to chest
pain 14 (29.09%). Maximum METS
achieved was-13.4 & minimum METS

achieved was -3 with mean METS 9.47.

Maximum DP (Double product) achieved
was -47520, minimum DP achieved was -
14300 with mean DP was 27003. Maximum

heart rate achieved- 135% of predicted heart
rate & minimum achieved was -640/r of

predicted heart rate and mean was 9Yfl.
Maximum, minimum and mean basal blood
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pressure (BP) were 170/1 00, 90/60, and
139.6/86.20mmHg respectively. The
maximum, minimum, and mean exercise BP

were 240/ I00,130/80 and 185/92.77 mmHg.
respectively. The maximum, minimum, and
mean exercise times were 11.42 mins, 4.21

mins and 10.31 mins respectively in Bruce
protocol .The maximum, minimum, and
mean ST-segment depression were 6.7mm,
I .2mm and 2.94mm respectively. There was
no ST-elevation during ETT in the study
population.

Duke Treadmill Score (DTS) categorized the
entire subject into high, intermediate & low
risk group. High-risk group were -

12(22.22%), intermediate risk group were -
20(37.03%) & low risk group were -
22(40.74%). (Table-I)

There was 22(40.74%) normal perfusion scan

and 32 (59.25%) abnormal perfusion scan,
among them mild defect were-09( 16.66%),
moderate defect were-05(9 ,25 %) and severe

perfusion defect were-I 8(33.33% ) in the

study population. In high-risk DTS group
normal scan were- 0 I , moderate defect was-
02 and severe defect were-09. In

intermediate-risk DTS group normal scan
was ~08 mild defect scan were -03 moderate

defect were - 0 I and severe defect were -08,

and in low-risk DTS group normal scan were
-13 mild were -06 & moderate defect were-

02, and severe defect were-I. (Table-II).
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CAG proven CAD in high-risk DTS group
were II (91.66%) patients, in intermediate
risk DTS group were 15 (75%) patients and
in low risk DTS group were 05( 22 Ll'n)
patients. Where as in high risk 0 I patient, in
intermediate risk 5 patients and in low risk
group 17 patients were found free of CAD
by CAG. (Table-III).

A patient with high DTS group were found
to have severe perfusion defect and severe
coronary artery involvement in CAG is

shown (Fig-IA,IB,IC).

The sensitivity and specificity of ETT in
detecting CAD were 83.87% and 73.970/< .

respectively and the sensitivity and
specificity of SPECT- perfusion scan in
detecting CAD was 87.09% was 78.26%
respectively. The sensitivity of ETT in

detecting CAD in high-risk DTS group was
91.66% in intermediate risk DTS group was
75% and in low risk DTS group sensitivity
was 22.72% .The sensitivity of myocardial

perfusion SPECT-scan in detecting CAD in
high-risk group was 100%, in intermediate
risk sensitivity was 85.71 % and in low risk
group sensitivity was 37.5 %. For ETT the
positive predictive value was 83.87% and

negative predictive value was 73.9] % and
accuracy of the test was 74.07 % and for
SPECT-MPI the positive predictive value
was 80.64% and negative predictive value

was 69.56% and accuracy of the test was
75.92 %. (Table-IV, V).

Results of ETI

Table-I. Distribution of study population according to Duke Treadmill Score

ETI negative n=22
ETI positive n=32
Total n=54

Low DT score
Group

22
o

22(40.74%)

Intermediate DT
Score group

o
20

20(37.03%)

High DT score
Group

o
12

12(22.22%)
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Table-II: Pattern of perfusion in the study group as defined by DTS showing more severe pettilsio/l
defect 75%in high-risk group and less in low risk group 9.09% and normal petjilSio/l were 59.()CJlYr
higher in low risk than high-risk group 8.33%.

Table-III: Pattern of coronary artery involvement equal or more than 50% stenosis according to the
distributionofDTS; In low DTS: N=17, SVD=2, DVD=3; In intermediate DTS: N=5. SVIJ=5.IWf)=7.
TVD=3; In high DTS: N=I, DVD=4. TVD=7.

Table-IV: Comparison of Sensitivity of ETT and SPECTscan accordinx to DTS. SllOwing superioritr
in sensitivity of the SPECT-SCAN in detecting CAD hut averaxe spec~flcity was less than ETT

Patients with DTS Sensitivity
SPECT-MPI(%)

100
85.71
37.5

ETI(%)

91.66
75
22.72

High risk
Intermediate
Low risk
Average

Table- V: Sensitivity, Specificity, Pas. and Neg. Predictive value and Accuracy of ETT and SPEC7:
MPI in detecting CAD.

32

SPECT -scan Low DTS group(%) Till.DTS group(%) High DTS group('/r)

Normal perfusion
(Score 0-4) n=22 13(59.09) 08( 40) 01(R.33)

Mild perfusion defect
(Score 4-8) n=09 06(27.27) 03(15) 00

Moderate perfusion defect
(Score 9-12) n=05 02(9.09) 01(5) 02(16.66)
Severe perfusion defect
(Score >13) n=18 01(4.54) 08( 40) 09(75)

Total n=54( I00) 22(40.74) 20(37.03) 12(22.22)

CAG report Low DTS group(%) lnt. DTS group(%) High DTS group(%)

Normal n=23 17(77.27) 05(25) 01(8.33)
SVD n=7 02(9.09) 05(25) 00
DVD n=14 03( 13.63) 07(35) 04(33.33)
TVD n=IO 0 03( 15) 07(58.33 )

Total n=54 22 20 12

Sensitivity Specificity Pos. predictive Neg. predictive Accuracy or
(%) (%) value (%) value (%) the test ('i,)

ETI 83.87 73.97 83.87 73.91 74.07
SPECT-MPI 87.09 78.26 80.64 69.56 75.92
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Discussion

In this study the study population was divided
into low, intermediate and high risk DTS by
the ETT finding. Risk stratified by DTS has
clinical significance. It is anticipated that
low-risk DTS group have average annual

mortality of <I %, and in intennediare-risk
DTS group the mortality rate 2-3 % while in
the high-risk DTS group the mortality rate
average >4%. (10,14,18). In this study we
tried to find out, whether ETT only sufficient
to refer for CAG without doing any more test

(in our study stress nuclear test) in-patient
with suspected to have CAD.

According to SPECT-MPI study patients
with moderate to severely perfusion defects
are considered as high risk for future fatal
(annual cardiac death 2.9%) and non-fatal

(annual MI 4.2 %)cardiac events and they are
routinely referred to cardiac catheterization
for further evaluation than mild defect

(annual cardiac death 8% and MI 2.7%)13 IX.

In this study patients having high- risk DTS
in ETT shows positive correlation with
SPECT-MPI study and 91.66% (11/ J2)
patients found to have moderate ( 16.66%)and
severe perfusion (75%) defect, where as in
mtermediate DTS group patients there was
no correlation with the finding of ETT and
SPECT-MPI study. In low risk DTS group
patients showed negative correlation with
SPECT-MPI perfusion defect.

In this study it is found that perfusion
abnormalities were higher in high-risk DTS
patients than low or intermediate risk DTS
patients. This study has similarity with
western studies, where they showed that

high-risk patients had severe perfusion defect
in SPECT perfusion imagingi~
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The sensitivity of ETT in detecting CAD in

high risk DTS group was 91.66%. in
intermediate risk DTS group sensitivity was
75% and in low risk DTS group sensitivity

was 22.72%, which shows that high-risk
group had higher sensitivity. Whereas the
sensitivity of myocardial perfusion SPECT

in detecting CAD in high risk DT~ group
patients were 100 % and, in intermediate and
low risk DTS group patients were 85.71lk
and 37.5% respectively. The finding in this
study suggested that SPECT perfusion

imaging had similar sensitivity in detecting
CAD in high risk DTS group and better
sensitivity than intermediate and low risk

DTS group patients. These findings in this
study are consistent with the findings of other
studies where it was found that patients with
an intermediate DTS, the exercise myocardial
perfusion scan add additional information
and efficiently guide for further patient

management20.

In this study in high treadmill test score
7(58.33%)patients had TVD and 4(33.33Lk)
had double vessels disease, in intermediate
risk DTS 3(15%) had TVD and 7(35(~)

patients had DVD where as in low risk group
TVD was nil and 3( 13.63%) had DVD.
McNeer et aFt. in their studies showed that

patients who had positive ETT at stage I or
stage II had significant coronary artery and
morc than 60% of them had three vessel

disease (>50% stenosis) and patients with
negative ETT and indeterminate ST-segment
response and who achieved stage IV and
greater exercise duration had less than 15(;0
prev:llence of TVD. Though in their studies
they did not use DTS as parameter instead

they used exercise stage but the objectives
of study were same and the results were
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consisted with US21. The findings of this study

also are similar with the finding of others
where it was shown that DTS score is

consistent with severity of CAD proven by
CAG22.

It has also been shown that in patients who
are classified as low risk on the basis of EIT

there was no convincing evidence that an
imaging modality adds new significance to
a standard exercise test. Patients with a low

exercise test results can be treated medically
without need for referral to cardiac

catheterization but in intermediaterisk group
myocardial perfusion imaging appears to be
of value for further risk stratification. They
also recommended that patients with an
intermediate risk stress test result should be

referred for additional testing, where as
patients with high risk category by stress test
should referred for cardiac catheterization
directly".

Correlation of ETJ and Spect-MP/:
In this study High-DTS was found to have
positive correlation with severe perfusion
defect (p<.OOI) and negativecorrelationwith
normal perfusion (p<.Ol).

Low DTS was found to have positive
correlation with normal perfusion defect
(p<.OI) and negative correlation with severe
perfusion defect (p<.OOI).

Intermediate DTS was having no correlation
with perfusion pattern. The study concludes
that both the procedures can be used to
diagnose coronary artery disease and predict
the severity of ischemia. Both have good
correlation in between severe perfusion
defect to high DTS subsets of patients and
also normal perfusion to low DTS subsets of
patients. Moderate perfusion and inter-
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mediate DTS subset of patients were not
correlated between them. It is therefore,

recommended that patient of high risk DTS
need not necessary for myocardial perfusion
imaging study, and should perform CAG for
further evaluation furthermore, intermediate

and low risk needs myocardial perfusion
imaging study to guide for further evaluation.
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