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Summary Coronary artery disease may be difficult to 
detect in diabetic patients. This study was designed to 
determine the specificity and sensitivity of three non- 
invasive tests. Accordingly, the results of 48-h ambu- 
latory electrocardiogram (ECG) monitoring, maxi- 
mal ECG exercise test, and intravenous dipyrida- 
mole myocardial thallium scintigraphy were com- 
pared in 59 middle-aged diabetic patients who were 
consecutively selected for suspected coronary artery 
disease. All patients also underwent coronary angio- 
graphy, which was performed regardless of the re- 
sults of the non-invasive tests. Twenty patients 
(34 %) had significant coronary lesions, i.e. stenosis 
equal to or greater than 70 %, and 16 of these 20 pa- 
tients (80 %) had double or triple vessel disease. Sen- 
sitivity and specificity were, respectively, 25 % and 

88 % for ambulatory ECG monitoring, 75 % and 
77 % for the exercise test and 80 % and 87 % for thal- 
lium myocardial scintigraphy. This observation 
strongly supports the use of non-invasive tests for 
the detection of coronary artery disease in those dia- 
betic patients at high risk of such disease. As the exer- 
cise test is cheaper and more widely available than 
thallium myocardial scintigraphy it should be used as 
a first line examination. Dipyridamole myocardial 
scintigraphy may provide an alternative solution for 
those patients who cannot perform maximal exer- 
cise, or with atypical clinical presentation. [Dia- 
betologia (1995) 38: 726-731] 
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Large epidemiological prospective studies have 
shown that coronary artery disease (CAD) is the 
main cause of morbidity and death in patients with 
diabetes mellitus [1-3]. Recently, the Multiple Risk 
Factor Intervention Trial (MRFIT) [4] reported that 
the mortality rate for CAD and cardiovascular dis- 
ease was three times higher in diabetic men than in 
non-diabetic men. Furthermore, a significant inde- 
pendent association between diabetes and cardiovas- 
cular mortality was definitively demonstrated in this 
trial. 

Received: 17 June 1994 and in revised form: 19 December 1994 

Corresponding author." Professor Ph.Passa, H6pital Saint 
Louis, 1 avenue Claude Vellefaux, F-75010 Paris, France 
Abbreviations: ECG, Electrocardiogram; CAD, coronary ar- 
tery disease; IDDM, insulin-dependent diabetes mellitus; 
NIDDM, non-insulin-dependent diabetes mellitus. 

In diabetic populations, the symptoms and clinical 
course of CAD often diverge from the familiar form 
[5]. Thus, it has repeatedly been suggested that silent 
myocardial ischaemia, which has a poor prognosis 
and sometimes reveals the presence of severe CAD, 
is more frequent among these populations [6-12]. 

In spite of the alarming epidemiological results 
and the atypical CAD presentation, early and inten- 
sive detection of CAD in diabetic populations re- 
mains inadequate and is not part of the routine care. 
In diabetic patients, the sensitivity and specificity of 
the non-invasive tests for detection of CAD are poor- 
ly known. Only a few studies have included subjects 
undergoing coronary angiography and concerned 
special groups of diabetic patients [13]. 

The aim of this prospective study was, to our 
knowledge for the first time, to test prospectively the 
efficacy of three non-invasive tests commonly used 
for diagnosis of CAD. The diabetic patients included 
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were  suspec ted  of  hav ing  C A D ,  which,  f r o m  the ethi-  
cal po in t  of  view, just i f ied p e r f o r m i n g  c o r o n a r y  an- 
giography.  H o w e v e r ,  pa t i en t s  were  se lec ted  f r o m  a 
d iabet ic  clinic popu la t ion ,  and  no  accura te  p re - tes t  
of  p robab i l i ty  of  C A D  was p e r f o r m e d .  

Al l  the  pa t i en t s  who  were  se lec ted  u n d e r w e n t  suc- 
cessive 48-h a m b u l a t o r y  e l e c t r o c a r d i o g r a m  ( E C G ) ,  
bicycle exerc ise  E C G  testing, i n t r avenous  dipyr ida-  
m o l e  tha l l ium 201 myoca rd i a l  t omo-sc in t ig raphy  and 
c o r o n a r y  angiography.  The  sensitivity, specif ici ty and  
pred ic t ive  values  of  each  non- invas ive  test  were  t hen  
calculated.  

Patients and methods 

Patients. Diabetic patients were consecutively recruited from 
January 1991 to March 1992 in the Department of Diabeto- 
logy at the Saint-Louis Hospital in Paris, a tertiary referral cen- 
tre. They all gave written informed consent to participate in 
the study, which was approved by the Ethics Committee of 
the Centre Hospitalo-Universitaire Lariboisi~re, Saint Louis. 

Patients were males or females with insulin-dependent dia- 
betes mellitus (IDDM) or non-insulin-dependent diabetes 
(NIDDM), aged between 40 and 70 years. They were suspect- 
ed of having CAD because they complained of either typical 
angina as defined by Braunwald [14] or atypical angina i.e. 
brief (less than 2-min duration) or prolonged (more than 
15 rain), rest constricting angina, exercise dyspnoea or be- 
cause they exhibited resting ECG abnormalities including ab- 
normal ST-T segment. In some cases, these ECG abnormali- 
ties were associated with clinical manifestations. 

We excluded patients with previous myocardial infarction, 
and ECG resting Q wave abnormalities, unstable angina, left 
bundle branch block or valvular heart disease, clinical diabet- 
ic neuropathy, and severe renal insufficiency (creatinine clear- 
ance of less than 45 ml/min). Patients with asthma were also 
excluded as this condition is a contra-indication for dipyrida- 
mole myocardial scintigraphy. 

Five patients who fulfilled the inclusion criteria refused to 
participate. In all, 59 patients were enrolled - 36 males and 
23 females. Fifteen had IDDM, 34 had NIDDM and were be- 
ing treated by diet and oral hypoglycaemic agents, and 10 had 
NIDDM treated with insulin. Their mean age was 
59.1 + 7.6 years (41-70) and the mean known duration of the 
disease was 16.8+ 12.5 years (1-46). Apart from diabetes, 
most of them had associated coronary risk factors: arterial hy- 
pertension according to World Health Organisation criteria 
(160-95 mmHg) or treatment with an antihypertensive drug 
was found in 66 % of the patients (39 of 59), smoking at least 
10cigarettes daily, in 30% (18 of 59) and total hyper- 
cholesterolaemia (over 6.5 mmol/1) in 37 % (22 of 59). As re- 
gards the clinical diagnosis of CAD, among the 59 patients, 23 
had chest pain (including typical and atypical angina) without 
resting ECG abnormalities, 9 had only ECG abnormalities, 
and 27 cumulative clinical symptoms and resting ECG abnor- 
malities (Table 1). 

Methods. Cardiac evaluation was performed in the Depart- 
ment of Cardiology at Bichat Hospital. On separate days, pa- 
tients underwent 48-h ambulatory ECG monitoring, bicycle 
exercise ECG and intravenous dipyridamole thallium 201 
myocardial scintigraphy. Whatever the results of the non-inva- 
sive tests, coronary angiography was performed on the last day 
of the evaluation. 
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Table 1. Clinical and electrocardiographic characteristics for 
the diagnosis of CAD in the 59 diabetic patients 

Negative ECG Positive ECG 

No symptoms - 9 
Symptoms 23 27 

Among the 59 patients, 23 had chest pain (including typical 
and atypical angina) without resting ECG abnormalities, 9 
had only ECG abnormalities and 27 had cumulative clinical 
symptoms and resting ECG abnormalities 

All cardiac drugs were stopped at least 48-h before the non- 
invasive tests. In particular, beta-blockers were progressively 
reduced and discontinued 5 days before the exercise ECG test- 
ing. All patients underwent 48-h ambulatory ECG monitoring 
before being hospitalised. Pre-gelled electrodes were record- 
ed to two anterior leads, CM2 and CM5. Two-channel record- 
ings were obtained on magnetic tape (Ela Medical, Plessis Ro- 
binson, France). Recordings were analysed by the Elatec sys- 
tem (Ela Medical). A test was considered positive if there was 
an ST depression equal to or greater than i mm which was hor- 
izontal or downsloping and persisted for at least 0.08 s after the 
J point, during a period of at least 1 min. 

Exercise electrocardiography, a maximal exercise test was per- 
formed on an electrically braked bicycle ergometer, starting 
at a workload of 30 Watts, with increments of 30 Watts every 
3 rain. Blood pressure and a 12-lead ECG were recorded be- 
fore and during each stage of this test. A test was considered 
positive if there was an ST depression equal to or greater than 
1 mm which was horizontal or downsloping and persisted for 
at least 0.08 s after the J point. It was considered negative 
when the heart rate reached the maximal predicted exercise 
heart rate without significant ST segment change. No attempt 
was made to correct the ST depression for resting abnormali- 
ties of repolarisation such as left ventricular hypertrophy. 

Dipyridamole thallium 201 myocardial tomo-scintigraphy: di- 
pyridamole was infused intravenously at a rate of 0.56 mg/kg 
body weight for 4 min, and 3 min after the end of infusion, 
thallium 201 (1.5 MBq/kg body weight) was injected. Early 
thallium imaging was started 5 rain after injection, and de- 
layed imaging took place 4 h later. Data were acquired with a 
rotating gamma camera equipped with a low-energy all-pur- 
pose collimator. No attenuation correction was performed. 
Each reconstructed slice was 10-mm thick. Five regions of the 
left ventricle were defined: anterior, septal, apical, inferior 
and posterolateral; thallium uptake was graded by a 4-point 
score. The dipyridamole testing was considered positive for di- 
agnosis of CAD if the thallium scan exhibited fixed or tran- 
sient defects. For readings of the myocardial scintigraphy the 
agreement between the two observers was 95 % and a consen- 
sus was obtained in case of discrepancy. 

Coronary angiography: left heart catheterization was per- 
formed percutaneously through the right femoral artery. Selec- 
tive coronary angiography using a size 6F catheter was per- 
formed in multiple incidences. A quantitative method using 
electronic calipers (Brown and Sharpe Co, North Kingston, 
R. I., USA) interfaced with a Computer (Hewlett-Packard Vec- 
tra ES/12) was used to measure stenosis in one projection. A 
narrowing in the cross-sectional area of 70 % or greater, for 
one of the three major epicardial coronary arteries, or of 50 % 
or more for the left main artery was considered haemodynam- 
ically significant. The results of each test were interpreted by 
two independent observers who were unaware of the clinical 
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presentation and of the results of the other tests. CAD was di- 
agnosed when coronary angiography revealed one or more sig- 
nificant coronary stenoses. 

Glycated haemoglobin was determined by high perfor- 
mance liquid chromatography, with a normal value of less 
than 6 %. Total cholesterol and triglycerides were determined 
by enzymatic methods after an overnight fast. 

Statistical analysis 

Data are expressed as means + SD. Sensitivity was defined as 
(true positive/true positive + false negative) x 100, and specifi- 
city was defined as (true negative/true negative + false posi- 
tive) x 100; the predictive value of a positive test was defined 
as (true positive/(true positive + false positive)) x 100, and the 
predictive value of a negative test as (true negative/(true nega- 
tive + false negative)) x 100. 

Results 

Angiographic findings. Of the 59 patients studied, 20 
(34 %) exhibited significant coronary stenosis or ste- 
noses as defined above, and constituted group A. 
The remaining 39 patients constituted group B, and 
included 29 patients with angiographically normal 
coronary arteries and 10 with non-significant coron- 
ary stenoses. 

In group A, the anatomical distribution of the cor- 
onary stenoses was as follows: 9 of 20 patients (45 %) 
had triple-vessel disease, 7 of 20 (35 %) double-ves- 
sel disease and 4 of 20 (20 %) single-vessel disease. 
Two of the 20 patients had significant stenosis on the 
left main coronary artery. B e  left anterior descend- 
ing artery was reduced in 15 of 20 patients, the left 
circumflex artery, in 13 of 20 patients and the right 
coronary artery in 13 of 20 patients. 

Clinical characteristics of the patients in groups A 
and B are summarized in Table 2. Group A included 
a majority of males. 

Non-invasive diagnosis of  coronary artery disease 

We tested the efficacy of the three non-invasive tests 
for diagnosis of CAD in the 59 patients studied (Ta- 
ble 3). Forty-eight-hour ambulatory ECG monitor- 
ing was positive in ten patients, five in group A and 
five in group B. Sensitivity was low, at 25 %, with a 
specificity of 88 %. The positive and negative predic- 
tive values calculated were 50 and 69 %, respectively. 
Exercise testing was positive in 24 patients, 15 in 
group A, and 9 in group B. Sensitivity and specifici- 
ty were calculated as 75 and 77 %, respectively with 
positive and negative predictive values of 63 and 
86 %. Dipyridamole thallium 201 myocardial scintig- 
raphy was positive in 21 patients displaying fixed 
or transient defects, 16 in group A, and 5 in 
group B. Sensitivity and specificity were respective- 
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Table 2. Main clinical and biological characteristic of diabetic 
patients in group A, with significant coronary lesions, and of 
those in group B, with non-significant coronary lesions or nor- 
mal angiograms 

Group A Group B 

Sex (male, female) 17/3 19/20 

IDDM (n) 7 8 
NIDDM (n) 13 31 
Age (years) 57.5 _+ 8.1 60.0 + 7.2 
Known duration 
of diabetes (years) 21.1 + 13.5 14.9 + 11.7 
Body mass index (kg/m 2) 27.2 + 3.3 28.0 + 4.4 

HbAlc (%) 8.5 + 1.4 8.2 + 1.8 
Total cholesterol (mmol/1) 6.4 +_ 1.4 6.1 + 1.6 
HDL cholesterol (mmol/1) 1.21 + 0.4 1.15 + 0.4 
Triglycerides (mmol/1) 2.5 +_ 2.8 1.7 + 1.1 
Hypertension (n) 14 25 
Smoking (n) 8 10 

Table 3. Number of positive results for the three non-invasive 
tests in group A, patients with significant coronary lesions, 
and group B, patients with non-significant coronary lesions or 
normal angiograms. Accuracy of the three tests 

n= 59 Positive 48-h Positive Positive 
ambulatory maximal dipyridamole 
ECG exercise myocardial 

ECG scintigraphy 

Group A, n = 20 5 15 16 
Group B, n = 39 5 9 5 
Sensitivity % 25 75 80 
Specificity % 88 77 87 

Positive 
predictive value % 50 63 76 

Negative 
predictive value % 69 86 89 

ly, 80 and 87 %, with positive and negative predic- 
tive values of 76 and 89 %, respectively. The four pa- 
tients in group A with a negative thallium scan com- 
prised one man with a significant stenosis on the left 
main coronary artery, a woman with a proximal ste- 
nosis on the left anterior descending artery, another 
woman with triple-vessel stenosis, and a man with a 
distal stenosis on a left marginal after3: All except 
the latter patient had positive bicycle exercise test- 
ing. Myocardial scintigraphy was positive in five of 
the patients in group B. In these patients, the thal- 
lium scan only showed fixed defects which were al- 
ways located in the same limited postero-inferior re- 
gion. 

We also tested the accuracy of the three non-inva- 
sive tests according to the clinical presentation. 
Thus, we defined a group C (n = 24) constituted of pa- 
tients with typical angina pectoris and a group D 
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Table 4. Accuracy of the three non-invasive tests according to 
clinical presentation. Patients with typical angina: group C, pa- 
tients without symptoms or with atypical angina: group D 

48-h Maximal Dipyrida- 
ambulatory exercise mole 
ECG ECG myocardial 

scintigraphy 

C D C D C D 

Sensitivity % 36 11 82 67 72 89 
Specificity % 84 88 85 73 85 89 
Positive 
predictive 
value % 67 25 82 46 80 72 
Negative 
predictive 
value % 61 74 85 87 79 96 

Group C, (n = 24) Patients with typical angina 
Group D, (n = 35) Patients without symptoms or with atypical 
angina 

(n = 35) including patients without symptoms or with 
atypical angina. Prevalence of CAD was higher in 
group C: 11 of 24, compared to group D 9 of 35. The 
results are summarized in Table 4. 

Discussion 

In this selected diabetic population, 20 patients out of 
59 (34 %) were found to have haemodynamically sig- 
nificant coronary stenosis or stenoses, 10 had a non- 
significant atherosclerotic process and 29 had angio- 
graphically normal coronary arteries. For detection 
of CAD, 48-h ambulatory ECG monitoring dis- 
played low sensitivity but good specificity. Maximal 
exercise ECG testing had good sensitivity and specifi- 
city, and dipyridamole thallium myocardial scintigra- 
phy displayed the best sensitivity and specificity. As 
the aim of this study was to determine the accuracy 
of three non-invasive tests, diagnosis of CAD was 
only made for patients with significant coronary ste- 
nosis at angiography. The prevalence of CAD is not 
surprising, since this population had a mean age of 
nearly 60 years and a mean known duration of dia- 
betes of 15 years, and in addition to diabetes, most of 
the patients presented with one or more additional 
cardiovascular risk factors. In most of the patients of 
group A, coronary angiography revealed double and 
triple-vessel stenoses (80 %). 

The results reported for the extent and severity of 
coronary lesions in diabetic patients have been con- 
flicting. Thus, Verska and Walker [15] detected no sig- 
nificant difference in the extent of coronary lesions 
when comparing diabetic and non-diabetic patients. 
On the contrary, Dortimer et al. [16] demonstrated 
that the coronary disease was significantly more se- 
vere in diabetic patients. Valsania et al. [17] also 
found more diffuse atherosclerotic coronary lesions 
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in young IDDM patients. Morris et al. [18] who stu- 
died diabetic patients before and after coronary by- 
pass surgery found that a larger percentage of diabet- 
ic than non-diabetic patients had triple-vessel disease 
and received more coronary artery by-pass grafts. 

In the present study, ambulatory ECG monitoring 
gave disappointing results, with a low sensitivity of 
25 %. This contrasts with the results of Stern et al. [19] 
who reported 80 % sensitivity in patients with CAD. 
Our results are surprising, as silent myocardial ischa- 
emia has been reported to be frequent in diabetic pa- 
tients, and we expected that the sensitivity of the test 
would be improved by the prolonged use of 48-h ECG 
monitoring and an ambulatory out-patient utilization. 
However, the specificity of the method was good. 

As regards bicycle exercise ECG, its sensitivity, 
specificity and negative predictive value in the pre- 
sent study were satisfactory, at 75, 77 and 86 %, re- 
spectively. Most of the patients (92 %) performed a 
maximal exercise test. This was unexpected for dia- 
betic patients and may have been due to the exclu- 
sion of patients with neuropathy or severe nephropa- 
thy, and to the discontinuation of beta-blockers at 
least 5 days prior to exercise. Our results are in keep- 
ing with those previously reported for non-diabetic 
patients with CAD, i.e. 56-81 and 78-100 %, respec- 
tively for sensitivity and specificity [20-21]. The 
75 % sensitivity found in our study may be due to 
the high prevalence of double and triple-vessel dis- 
ease found in this cohort, which is in agreement with 
the data reported by Goldschlager et al. [22]. The po- 
sitive predictive value of bicycle exercise ECG was 
63 %, a percentage which according to the Bayes' the- 
orem [23] may have been due to the prevalence of 
CAD in this population. This result is in agreement 
with the results previously reported in asymptomatic 
diabetic patients [9, 11, 24]. The negative predictive 
value of 86 % strongly supports the use of the ECG 
exercise test as the first step in the clinical investiga- 
tion of diabetic patients, because a negative maximal 
exercise test is very likely to exclude the diagnosis of 
CAD in such a population. 

Dipyridamole thallium myocardial scintigraphy, 
which is an excellent alternative to exercise myocar- 
dial scintigraphy [25], displayed, in the present study, 
the best sensitivity and specificity, with values of 80 
and 87 %, respectively. These data are in keeping 
with those reported for patients with CAD [26-27]. 
Exercise myocardial scintigraphy has been used to 
evaluate CAD in several series of asymptomatic dia- 
betic patients [8, 24, 28-31]. In most of these studies, 
a good predictive value for the diagnosis of future 
coronary events was reported, but none of them in- 
cluded coronary angiography. However, for the exer- 
cise thallium myocardial scintigraphy, Koistinen et 
al. [24] reported a low and disappointing positive pre- 
dictive value in asymptomatic diabetic patients. With 
dipyridamole thallium myocardial scintigraphy, Nes- 
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to et al. [32] reported a high prevalence (57 %) of 
thallium defects in diabetic patients with peripheral 
vascular disease, but they also did not include sys- 
tematic coronary angiography. Boudreau et al. [13] 
who studied diabetic patients with end-stage renal 
failure, reported sensitivity, specificity and accuracy 
of about 85 % for dipyridamole thallium myocardial 
scintigraphy, the prevalence of CAD in these pa- 
tients being 53 %. Myocardial thallium scintigraphy 
may given false-positive results in patients with valv- 
ular heart disease, or with left bundle branch block, 
who were excluded from our study. It has been re- 
ported that false positive results are usually related 
to fixed defects in the postero-inferior segment [33]. 
These defects are due to an excessive splanchnic up- 
take of thallium 201 after dipyridamole infusion, 
which may interfere with assessment of perfusion in 
the inferior wall. In the present study, the dipyrida- 
mole thallium scan failed to identify three patients 
with severe CAD: one had stenosis on the left main 
coronary artery, and the two others, triple-vessel ste- 
noses. In the presence of a coronary stenosis, dipyri- 
damole-induced vasodilation results in diminished 
uptake of intravenously administered thallium 201 
compared with the larger uptake and faster radionu- 
clide clearance in normally perfused mycardium. 
The reduced uptake produces an initial thallium de- 
fect in stenosed areas compared to normally per- 
fused regions. This explains why in patients with tri- 
ple-vessel disease, false negative results were report- 
ed for thallium scintigraphy, which is a comparative 
method [34]. However, in our three patients, CAD 
was identified by positive exercise ECG testing. 

Few patients exhibited normal coronary angiogra- 
phy but severe abnormalities were present in at least 
one of the three non-invasive tests. In such patients, 
myocardial ischaemia in relation to diabetic microan- 
giopathy cannot be excluded. 

When we tested accuracy of the three non-invasive 
tests according to the clinical presentation (typical 
angina or atypical angina), we defined two sub- 
groups C and D with different prevalence in CAD. 
In the patients of group C with typical angina and 
the higher prevalence for CAD, exercise ECG test- 
ing was the most powerful test and can be sufficient 
to affirm or to exclude CAD. On the other hand, in 
patients with atypical clinical presentation, thallium 
scintigraphy was an excellent alternative with in par- 
ticular a very satisfactory negative predictive value. 

The conditions of the present study involve some 
limitations: the middle-aged diabetic patients includ- 
ed were recruited from a tertiary diabetic referral 
centre to which the most severe cases of diabetes are 
supposed to be referred and indeed most of the pa- 
tients in this study, exhibited apart from diabetes one 
or more additional cardiovascular risk factors. Conse- 
quently, the accuracy of the three non-invasive tests 
used may not apply to the diabetic population in gen- 
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eral. The patients in our series had clinical symptoms 
or resting ECG abnormalities or both, and we did 
not explore asymptomatic patients without ECG ab- 
normalities. Nevertheless, in a previous study [11] in 
which only asymptomatic diabetic patients with nor- 
mal resting ECG were included, we found good pre- 
dictive positive values for the ECG exercise test and 
myocardial thallium scintigraphy. Finally, the present 
study exclusively concerned diagnosis of CAD on the 
basis of existing haemodynamically significant coron- 
ary stenosis, and did not concern the diagnosis of 
myocardial ischaemia per se, the prognosis for the 
coronary stenoses, and the implications for treatment. 

In conclusion, in this selected diabetic population, 
dipyridamole thallium myocardial scintigraphy was 
the most powerful non-invasive test for the detection 
of significant CAD, but is expensive and only avail- 
able in certain institutions. The maximal bicycle exer- 
cise ECG test, without any cardiological treatment,  is 
cheaper and more widely available, and provides sat- 
isfactory sensitivity, specificity and negative predic- 
tive values. This test should be used as a first-line ex- 
amination for those diabetic patients at high risk of 
CAD, and should be repeated in the routine care of 
this population. Dipyridamole myocardial scintigra- 
phy may provide an alternative solution for patients 
with atypical clinical presentation, or who cannot per- 
form a maximal exercise, meanwhile Holter  monitor- 
ing is virtually useless for non-invasive detection of 
CAD. 
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