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Abstract
Background: The rate of transient dilatation can be determined by exercise testing or pharmacological stress test. It is 
unknown whether the type of stress has an impact on average transient dilatation index values.

Objective: To compare average transient dilation index values in 99mTc-sestamibi scintigraphy in patients undergoing 
treadmill stress test, versus dipyridamole stress test. The secondary purpose was to evaluate the impact on the average 
index value by demographic characteristics, risk factors for coronary artery disease and severity of ischemia.

Methods: The cross-sectional study included 200 patients between 40 and 70 years old, with or without risk factors for 
ischemic heart disease, with or without a previous diagnosis of ischemic heart disease. The separation between groups 
was sequential. The software 4D-MSPECT calculated the transient dilatation index and provided a scoring system for 
perfusion analysis.

Results: The average transient dilation index value of the group undergoing exercise stress test was 1.06 (±0.23). For 
the group undergoing the dipyridamole stress test, it was 1.10 (±0.22); (p = 0.200). There was no association between 
the type of stress and the average transient dilatation index values. An association was found between the average index 
values and age only for those patients from the exercise test group (p = 0.009).

Conclusion: The results of our study demonstrate that the transient dilation index does not differ when patients undergo 
exercise stress test on a treadmill or pharmacological stress by dipyridamole. (Arq Bras Cardiol 2011;96(5):363-369)

Keywords: Dilatation; ventricular function, left; exercise test; radionuclide imaging; dipyridamole.

of specificity in the diagnosis of coronary stenosis from 90% of 
the vascular lumen5. It was also reported with the protocols 
99mTc-sestamibi stress/rest6 and 99mTc-tetrofosmin stress/
rest7. In the exam associated with exercise stress, the images are 
performed between 30 to 60 minutes after the stress to allow 
the myocardium some time to recover from the mechanical 
dysfunction caused by it. But in the exam associated with 
dipyridamole, when the myocardium is subjected to a real 
stress, the TDI was also described8.

Although the TDI been described for years, it has not yet been 
assessed whether the type of stress, exercise or pharmacological, 
affects its average value in homogeneous groups. 

In clinical practice, comparison between the methods may 
direct patients to the type of stress that most affects the average 
TDI value, which may minimize the constraints of PMS, such 
as in cases of patients with three-vessel balanced coronary 
artery disease and stenosis of left coronary artery trunk. In the 
visual analysis of perfusion, these two situations are established 
causes of false negative in scintigraphy2,3.

Methods
The study was submitted to the Ethics Committee of 

the Pontifícia Universidade Católica de Porto Alegre (record 
08/04461) and the participants signed an informed consent.

Introduction
Myocardial perfusion scintigraphy (MPS) is associated with 

stress testing performed on a treadmill or pharmacological 
stress with dipyridamole, adenosine, or dobutamine1.

The MPS provides a relative evaluation of perfusion in the 
degree of radiopharmaceutical uptake by ventricular walls. In 
balanced triple vessel stenosis, perfusion defects induced by 
exercise may be distributed evenly through the myocardium, 
and may cause a false negative2,3.

MPS evaluates the dilation of the left ventricular cavity, 
induced by stress, measured by the transient dilatation index 
(TDI). We consider that dilation is present when the left 
ventricular cavity is increased after stress, compared to the 
image at rest4.

The dilation was initially described in resting scintigraphy 
with thallium-201 and exercise stress test with 99mTc-sestamibi, 
when the TDI greater than 1.22 had 71% of sensitivity and 95% 
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The operating assumption says that effort mechanisms 
induce different left ventricular responses upon stress.

The main purpose of the study was to compare the mean 
values of TDI upon PMS in patients undergoing exercise stress 
test on a treadmill with the protocol Ellestad, and the average 
TDI values in patients undergoing dipyridamole stress test.

The secondary purpose was to assess the impact on the 
average TDI value upon standard scintigraphy or not, according 
to the summed stress score (SSS). The analysis included the 
impact of the following factors: sex, age, body mass index, 
hypertension, diabetes mellitus, dyslipidemia and smoking on 
the average TDI of each of these parameters in the groups.

The sample was recruited from the patients referred 
by their assistant physicians to perform scintigraphy in the 
service routine.

To compare the effect of the pharmacological stress versus 
exercise stress test, based on a minimum significant difference 
of 0.5 standard deviation, we estimated a sample of 86 patients 
per group, keeping α = 0.05 and statistical power of 90% 
(β = 0.10). To allow statistical adjustment and estimate the 
impact of confounding factors, the sample size was increased 
by approximately 15%, totaling 100 patients per group.

Scintigraphy was performed in patients with previous 
diagnosis of coronary ischemic heart disease, or not. We 
included patients of both sexes, aged between 40 and 70 
years, with or without diabetes mellitus, hypertension and 
dyslipidemia, smokers or not. All patients who reported the 
use of oral hypoglycemic agents or insulin were considered 
to have diabetes. All patients who reported using hypotensive 
medications were considered hypertensive, and patients 
using lipid-lowering drugs were considered dyslipidemic. 
Smokers were those who said they had smoked more than 
100 cigarettes in their entire life.

Patients were separated into two groups undergoing 
scintigraphy associated with exercise stress test on a treadmill 
versus the second group, undergoing scintigraphy associated 
with dipyridamole stress test. The separation between groups 
was sequential. Randomization was not possible, because 
we analyzed the patients who underwent scintigraphy in the 
service routine. We performed 100 scintigraphy sessions in a 
row for each group.

Scintigraphy was performed according to the first guideline 
of the Brazilian Society of Cardiology on Nuclear Cardiology1.

Patients were instructed to suspend: aminophylline and 
drugs with xanthine 36 hours before scintigraphy; beta-
blockers and calcium channel antagonists 72 hours before; 
nitrates 24 hours before; and drugs with caffeine 24 hours 
before. Patients were instructed not to consume caffeine and 
follow a diet low in xanthine 24 hours before1.

In both groups, scintigraphy was performed using the 
one-day protocol with 99mTc-sestamibi, administered 
intravenously in activity from 296 to 370 MBq at rest and in 
activity from 925 to 1,110 MBq during stress, for patients of 
both groups1.

 Approximately two hours after the resting study, patients 
in the first group underwent exercise stress test on a treadmill 
according to the protocol by Ellestad. We administered the 

radiopharmaceutical drug when the patient reached at least 
85% of maximum heart rate for the age, determined by the 
formula (220 - age)1.

Approximately two hours after the resting study, patients 
in the second group received 0.14 mg/kg/min dipyridamole 
intravenously for 04 minutes. We administered the 
radiopharmaceutical drug between the 7th and 9th minute 
after the infusion of dipyridamole1.

The image acquisition occurred within 15 to 30 minutes 
after exercise stress, 45 to 60 minutes after the pharmacological 
stress and from 45 to 60 minutes after injection of tracer at rest1.

The scintigraphy was performed on gamma camera 
E-Cam Siemens™ with LEHR collimator and energy 
window centered at 140 keV (±15%), matrix of 64 by 64 
pixels and rotation by the step-by-step method. Patients 
were positioned in the supine position, with arms raised. 
Tomographic imaging was performed with a 180o rotation 
arch in an elliptical orbit and counterclockwise, with the 
acquisition of 64 projections of 20 seconds of duration each, 
at rest, and 64 projections of 25 seconds each, after each 
stress. The images of the two phases were synchronized to the 
electrocardiogram (ECG). Each cardiac cycle was divided into 
16 portions. ECG determined the RR interval of each patient 
during the examination. Based on the mean RR interval, 
it created a window of acceptance of 15%, excluding the 
heart beats out of this window. The image processing used 
the Butterworth filter, followed by image reconstruction by 
filtered back projection technique1. 

We used the software 4D-MSPECT™ in scintigraphy 
processing by a blind operator for the automatic calculation 
of the TDI, by dividing the volume of the endocardial surface 
of the left ventricular cavity after the stress by the volume of 
the endocardial surface of the cavity at rest. The software 
estimated the left ventricular volume from three-dimensional 
images provided by the scintigraphy. The algorithm segments 
the left ventricle and determines the limits of the endocardial 
and epicardial surfaces and valve plane for the images of 
stress and rest. Then, the TDI is calculated according to the 
ratio (ventricular cavity volume after stress/ventricular cavity 
volume at rest)5,9.

Perfusion analysis used a scoring system that divides the 
myocardium into 17 segments and considers a numerical 
scale with the following values: zero = normal; a = lightly low 
uptake of the radiopharmaceutical drug; two = moderately 
low uptake; three = severely low uptake; 04 = lack of 
radiopharmaceutical drug uptake. The scores three and 04 
are associated with coronary stenosis greater than 90%. Each 
of the 17 segments is assigned a value between zero and 04. 
Then, thesum of the values assigned to each segment are 
calculated to represent the stress phase called SSS (summed 
stress score). Numerical values of SSS smaller than or equal to 
three are considered normal, between 04 and 08, discreetly 
abnormal, between 09 and 13, moderately abnormal, and 
from 14, frankly abnormal1.

The following individuals were excluded: no sinus 
rhythm; previous diagnosis of any other cardiac disease 
(cardiomyopathy or valvular heart disease); end-systolic 
volume smaller than 15 milliliters and amputation of limbs. 
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Scintigraphy was not performed when the cardiologist 
judged the patient unable to undergo stress. The only absolute 
contraindication was pregnancy. 

Patients were not exposed to radiation for academic 
purposes. We analyzed patients who underwent scintigraphy 
at the request of their doctor, without funding.

Results
The degree of obesity of the patients was assessed by 

calculating body mass index (BMI) obtained by the ratio of 
the patient’s weight in kilograms over height in square meters. 
Patients with BMI between 18.5 and 24.9 were considered 
normal weight; between 25.0 and 29.9 were considered 
overweight; individuals with BMI greater than or equal to 
30.0 were considered obese. Out of these patients, 64% had 
normal perfusion scintigraphy, according to the SSS. Table 1 
shows that the groups were homogeneous (p > 0.05).

To describe the quantitative data, we used mean ± standard 
deviation. Categorical data were expressed as counts and 
percentages. The TDI between groups was compared using 
multiple linear regression. Categorical data were compared by 
the chi-square procedure. The level of significance adopted 
was α = 0.05. The data were analyzed and processed with 
the aid of the program SPSS, version 17. 

Table 2 shows that the study found no association between 
type of stress and the average TDI values. An association was 
found between the average TDI values and age only for those 
patients from the exercise test group (p = 0.009). There was 
also a significant association between the mean TDI values 
for those patients in the youngest tertile, whose TDI of the 
dipyridamole had a higher average value (p = 0.010).

Discussion
PMS is associated with treadmill stress test, or stress with 

dipyridamole, adenosine, or dobutamine1. The presence 
of extensive and severe perfusion defects, reduced left 
ventricular ejection fraction after stress and left ventricular 
dilation induced by stress are indicators of poor prognosis 
on scintigraphy10.

Exercise has positive inotropic and chronotropic effects 
on the heart and increases arterial blood pressure. In healthy 
coronary arteries, the increased need for oxygen is compensated 
by arterial physiological vasodilation, which increases blood 
flow to blood two to three times above the baseline. Thus, the 
cardiac stress causes ischemia in stenosed coronary arteries or 
those arteries unable to dilate (with impairment of coronary 
flow reserve), resulting in disturbances of kinesis, and perfusion 
of the ventricular walls and electrocardiogram tracing, as well 
as symptoms like chest pain11. 

Dipyridamole has an indirect vasodilatory for blocking 
the reuptake of adenosine into the intracellular medium. In 
coronary arteries with obstruction from 50% of the vascular 
lumen, to maintain the flow, there is intense arteriolar dilatation 
distal to the obstruction at rest. In obstructed coronary arteries, 
dipyridamole causes a little dilation. The arterioles of the 
normal coronary arteries will have maximum dilation. The 
coronary reserve starts to decrease due to stenosis of 45% to 

Table 1 - Demographic data

Global 
population 

(%)

Exercise 
test group 

Dipyridamole 
group p

Sex 0.253

Male 114 (57) 61 53

Female 86 (43) 39 47

Age group (years) 0.216

40 to 49 32 (16) 15 17

50 to 59 80 (40) 46 34

60 to 70 88 (44) 39 49

BMI † 0.612

Normal 30 (15) 13 17

Overweight 80 (40) 39 41

Obesity 90 (45) 48 42

Hypertension 0.101

Yes 163 (81.5) 77 86

No 37 (18.5) 23 14

Diabetes mellitus 0.713

Yes 36 (18) 17 19

No 164 (82) 83 81

Dyslipidemia 0.311

Yes 79 (39.5) 36 43

No 121 (60.5) 64 57

Smoking 0.883

Yes 71 (35.5) 36 35

No 129 (64.5) 24 65

Score 0.172

≤ 3 128 (64) 68 60

4-8 36 (18) 20 16

9-13 17 (8.5) 6 11

≥ 14 19 (9.5) 6 13

Total 200 (100) 100 100

† -BMI - body mass index.

50% of the vascular lumen. The basal coronary flow remains 
normal until the vessel diameter achieve narrowing degrees 
greater than 70%. Therefore, the cause of perfusion defects 
after administration of dipyridamole is the heterogeneity of 
regional myocardial blood flow, a significant increase in the 
flow of normal arteries and little or no increase in arteries 
with stenosis. The phenomenon of coronary “stealing” after 
dipyridamole injection occurs only when the flow distal 
to the stenosis is reduced by diverting part of the blood 
flow to another coronary territory (competition induced by 
maximum vasodilation), usually the subendocardium to the 
subepicardium: subepicardial arterioles also retain a residual 
reserve of vasodilation, while the subendocardial reserve has 
been depleted1.
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also been described in stimulus situations with dipyridamole4. 
As no study had evaluated the impact of the type of stress on 
the average values of TDI, this was the main goal of our study. 

MPS evaluates the dilation of the left ventricular cavity, 
induced by stress, measured by the transient dilatation index 
(TDI). We consider that dilation is present when the left 
ventricular cavity is increased after stress, compared to the 
image at rest4.

Several pathophysiological mechanisms may be associated 
with increased TDI. The TDI may be associated with 
subendocardial hypoperfusion and systolic ventricular 
dysfunction. Multivessel coronary artery disease is associated 
with diffuse subendocardial ischemia, which compromises the 
perfusion of the endocardium, resulting in a lower endocardial 
concentration of the tracer. Another explanation could be 
that the ischemia causes a systolic dysfunction would result 
in increased ventricular cavity due to increased end-systolic 
volume of left ventricle. Systolic dysfunction also gives the 
impression of ventricular cavity dilation4.

Other studies suggest that severe hypertensive heart 
disease is another cause of diffuse subendocardial ischemia 
in the absence of coronary stenosis, since it is associated 
to delayed diastolic relaxation, endothelial dysfunction of 
coronary arteries, reduction of capillary density in myocardial 
hypertrophy and increased final left ventricular diastolic 
pressure. Although in cases of severe ventricular hypertrophy 
there can be a compensatory dilation of epicardial coronary 
arteries, the myocardium seems to suffer transmural ischemia 
unrelated to any coronary stenosis12. 

Robinson et al13 evaluated 237 consecutive scintigraphies 
and found a transient ventricular dilation in 23 of them. Nine 
out of 23 patients had dilatation in the absence of segmental 
perfusion defects upon image and in the absence of coronary 
stenoses. In 07 of these 09 patients, dilation is solely attributed 
to left ventricular hypertrophy. Thus, the transient dilatation 
is not a specific marker for CAD in populations with high 
prevalence of hypertensive heart disease, associated with 
ventricular hypertrophy13. Our study did not assess the 
prevalence of ventricular hypertrophy in the subgroup of 
patients with hypertension of this sample. However, as the 
prevalence of hypertension was similar in both groups, we 
believe that this factor has not affected the results. 

Emmet et al10 have assessed the impact of left ventricular 
hypertrophy and diabetes mellitus in the prevalence 
of TDI. The sample (n = 103) underwent scintigraphy, 
transthoracic echocardiography and catheterization. TDI ≥ 
1.22 and ventricular wall thickness ≥ 11 mm were considered 
abnormal. Factors SSS ≥ 14, hypertrophy and diabetes 
were independent predictors of abnormal TDI. In patients 
with stenosis ≥ 90% of the vascular lumen, the presence of 
hypertrophy or diabetes increased significantly the prevalence 
of abnormal TDI (p < 0.005). 

Thus, increased TDI is associated with severe CAD 
and the association is magnified in the presence of left 
ventricular hypertrophy or diabetes. Hypertrophy could be 
associated with diffuse subendocardial ischemia. Diabetes was 
associated with impairment of coronary reserve secondary to 
microvascular disease10. Our study found no such association 

Table 2 - Results

Variable Global‡TDI 
‡

TDI 
Exercise 

test group

TDI 
Dipyridamole 

group
p

Sex

Male 1.07 ± 0.20 1.05 ± 0.20 1.08 ± 0.18 0.369

Female 1.10 ± 0.26 1.08 ± 0.28 1.12 ± 0.25 0.419

p 0.318 0.641 0.413

Age group (years)

40 to 49 1.04 ± 0.21 0.95 ± 0.18 1.13 ± 0.20 0.010

50 to 59 1.04 ± 0.20 1.03 ± 0.20 1.05 ± 0.21 0.644

60 to 70 1.13 ± 0.24 1.14 ± 0.25 1.13 ± 0.23 0.775

p 0.016 0.009 0.281

BMI †

Normal 1.14 ± 0.22 1.14 ± 0.30 1.14 ± 0.17 0.979

Overweight 1.08 ± 0.22 1.06 ± 0.22 1.10 ± 0.22 0.372

Obesity 1.06 ± 0.22 1.04 ± 0.22 1.08 ± 0.23 0.378

p 0.223 0.382 0.629

Hypertension 

Yes 1.09 ± 0.24 1.07 ± 0.25 1.10 ± 0.22 0.490

No 1.06 ± 0.16 1.02 ± 0.15 1.13 ± 0.15 0.053

p 0.503 0.274 0.534

Diabetes mellitus

Yes 1.14 ± 0.23 1.15 ± 0.28 1.13 ± 0.18 0.773

No 1.07 ±0.22 1.04 ± 0.21 1.09 ± 0.22 0.127

p 0.112 0.157 0.532

Dyslipidemia

Yes 1.10 ± 0.22 1.09 ± 0.25 1.10 ± 0.20 0.801

No 1.07 ± 0.22 1.04 ± 0.22 1.10 ± 0.23 0.174

p 0.376 0.338 0.906

Smoking

Yes 1.07 ± 0.25 1.05 ± 0.26 1.10 ± 0.25 0.480

No 1.08 ± 0.21 1.06 ± 0.22 1.10 ± 0.20 0.284

p 0.742 0.802 0.847

Score 

3 1.08 ± 0.24 1.06 ± 0.24 1.11 ± 0.23 0.216

4 to 8 1.10 ± 0.21 1.09 ± 0.24 1.13 ± 0.17 0.624

9 to 13 1.07 ± 0.23 0.95 ± 0.11 1.14 ± 0.25 0.115

14 1.03 ± 0.16 1.10 ± 0.12 1.00 ± 0.16 0.229

p 0.709 0.626 0.349

Total 1.08 ± 0.23 1.06 ± 0.23 1.10 ± 0.22 0.200

† -BMI - body mass index; ‡ - transient dilation index.

The stress-induced ventricular dilatation was described 
in scintigraphic protocols, such as stress/rest with 99mTc-
sestamibi, stress/rest with 99mTc-tetrofosmin, or rest with 
thallium-201 and stress with 99mTc-sestamibi. The dilation has 
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in the subgroup of diabetics, perhaps due to the small number 
of diabetic patients in this sample (n = 36). 

In the absence of epicardial coronary stenoses, the transient 
dilation was described in patients with dilated cardiomyopathy. 
It is suggested that the limitation of coronary reserve in these 
patients is the explanation14. Our study excluded patients with 
prior diagnosis of any cardiomyopathy.

Dilation of the stress-induced ventricular cavity was first 
described in scintigraphy at rest with thallium-201 and exercise 
stress test (Bruce protocol) with 99mTc-sestamibi. This study 
examined the association between the increase in the TDI 
and the presence of coronary stenoses on catheterization. 
The value of positive TDI corresponded to 1.22 (±2). In the 
diagnosis of coronary stenosis from 70% of the vascular lumen, 
the TDI equal or greater than 1.22 had 40% sensitivity and 
specificity exceeding 90%. The TDI greater than 1.22 had 71% 
sensitivity and 95% specificity in the diagnosis of coronary 
stenosis greater than or equal to 90% of the lumen. 

Thirty-three percent of patients with SSS between 04 and 08 
showed high TDI, 38% with SSS between 9 and 13 and 48% of 
patients with SSS higher or equal to 14. Among those patients 
with stenoses greater than or equal to 90% in two coronary 
arteries, 34% had SSS above 8 and 76% presented an increased 
TDI. Therefore, the TDI allowed the identification of patients 
with extensive and severe coronary stenoses, which would have 
been underestimated in the isolated analysis of SSS5. 

Our study found average TDI values lower than those 
reported in this study with double isotope, even in patients 
with abnormal perfusion according to SSS, which can be 
attributed to the fact that two studies have been conducted 
with different radiopharmaceutical drugs3. Nevertheless, as our 
research has made no cardiac catheterization to confirm the 
presence of coronary stenosis in patients in this sample, the 
presence and extent of any stenoses could not be evaluated. 
Our research found no significant difference between the 
average TDI values in patients with abnormal SSS, in the 
different stress methods. Perhaps this is due to the small 
number of patients in these subgroups, since 64% of patients 
showed normal perfusion (SSS ≤ 3.0).

One study evaluated the average TDI value in 356 patients 
undergoing MPS with adenosine, the stress protocol with 
99mTc-sestamibi and rest with thallium-201. TDI of 1.36 
(± had 71% sensitivity and 86% specificity in the diagnosis 
of coronary stenosis greater than or equal to 70% of the 
lumen. The visual analysis of perfusion had a sensitivity and 
specificity of 87% and 49%, respectively. Perfusion analysis 
was through the association of SSS and percentage extension 
of hypoperfused myocardium. TDI was abnormal in: 12.2% 
of patients with normal perfusion; in 28.2% of patients with 
discreet hypoperfusion; in 29.4% of patients with discreet 
hypoperfusion; and in 40.3% of patients with severe 
hypoperfusion15. Thus, the TDI associated with the presence 
of CAD was higher than the numerical value described in 
the protocol with the treadmill stress test (1.22)5. In our 
study, the overall average values of TDI were numerically 
higher in the dipyridamole group, confirming the findings 
of previous studies.

An association was found between the average TDI values 
and age for those patients from the exercise test group (p = 
0.009). There was also a significant association between the 
mean TDI values for those patients in the youngest tertile, whose 
TDI of the dipyridamole had a higher average value (p = 0.010). 
These findings had not yet been reported in the literature and 
we found no theories that could explain them. Perhaps studies 
with cardiac magnetic resonance imaging may elucidate the 
prevalence and the relative importance of the mechanisms 
associated with increased TDI in pharmacological stress16.

Ventricular perfusion can be assessed by positron emission 
tomography with rubidium-82, combined with dipyridamole. 
In this protocol, the administration of pharmacological stressor 
precedes the administration of rubidium-82 and the images 
can be acquired during peak stress17. A study has measured 
the TDI in patients undergoing pharmacological stress 
examination with rubidium-82, subsequently undergoing 
coronary angiography within 15 days. The TDI upper limit of 
normality was 1.15 (±2) with high specificity in the diagnosis 
of single vessel stenosis and multivessel stenosis (100% and 
93%, respectively). Therefore, it was reported that the dilation 
associated with pharmacological stress is evident before the 
usual time of image acquisition of conventional PMS18.

There should be caution in the analysis of scintigraphy 
associated with transient left ventricular dilation, since the 
TDI cannot be associated with coronary diseases such as 
dilated or hypertrophic cardiomyopathy. The TDI can be 
potentiated by diabetes mellitus. In addition, the TDI may be 
falsely increased in small hearts, due to technical limitations 
inherent in scintigraphy19.

Our study had some limitations such as non-randomization, 
because some patients could not develop any stress due to 
physical limitations. The patients did not undergo routine 
coronary angiography because they were doing tests to 
evaluate myocardial ischemia and also due to lack of 
resources. Thus, the findings do not relate to the presence 
and degree of coronary involvement.

Conclusion
The transient dilatation index does not differ when patients 

undergo exercise stress test on a treadmill compared to 
pharmacological stress by dipyridamole, demonstrating the 
same evaluative capacity.
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