
 

 

Introduction 
 
Stress single photon emission computed tomogra-
phy myocardial perfusion imaging (SPECT MPI) is 
the most widely used non-invasive test with high 
diagnostic and prognostic values for the detection 
and stratification of myocardial ischemia [1]. The 
central issue of the available stress modalities is 
the potential non-equivalence of ischemic stimuli: 
exercise, with associated tachycardia and in-
creased myocardial oxygen demand [2], is consid-
erably different as a stimulus for ischemia from 
adenosine and dipyridamole, which induce asym-
metric coronary dilatation. Exercise stress MPI is 
the conventional first choice because important 
information is obtained regarding ECG changes, 
patient symptoms and the hemodynamic re-
sponse to exercise [3, 4]. However, in patients in 
whom adequate levels of exercise for induction of 
ischemia are not possible, the optimal alternative 
stress method is uncertain. Available options 

include “physiological” tachycardia-based stress 
(classically via pacing but also potentially via phar-
macological induction of tachycardia) and alterna-
tive pharmacological provocation via vasodilata-
tion using adenosine or dipyridamole. Atrial pacing 
increases heart rate and therefore myocardial 
oxygen demand and coronary blood flow [5, 6], 
while dipyridamole induces asymmetric periph-
eral coronary dilatation (and thus potentially coro-
nary “steal”) through its indirect effects on adeno-
sine kinetics [7, 8]. Thus, in theory, while inher-
ently cumbersome and expensive, atrial pacing 
represents a more “physiological” basis for in-
duction of ischemia than adenosine or dipyrida-
mole infusion. However, to date, no systematic 
comparisons between these two categories of 
induction of ischemia have been reported.  
 
The potential disparities between tachycardic 
and vasodilatory induction of ischemia extend 
beyond the magnitude of the ischemic stimulus: 
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Abstract: Background: In patients unable to exercise, potential methods of induction of reversible myocardial ischemia 
include physiological heart rate acceleration via pacing or dobutamine infusion and asymmetric coronary vasodilata-
tion using dipyridamole. Although their bases for induction of ischemia are widely disparate, no direct comparison of 
these techniques has previously been reported. Methods: We performed a randomised, paired comparison of dipyridamole 
and pacing myocardial perfusion imaging (MPI) in 28 patients in whom exercise stress imaging was precluded, comparing the 
detection, localisation and quantitation of ischemia. Results: Reversible myocardial ischemia was detected in 21 pa-
tients, concordantly in 13 (p = 0.042). There was a high degree of concordance (p < 0.0001) regarding locations of sites 
of ischemia. While there was a good correlation (r = 0.74, p < 0.0001) between size of total ischemic zones with dipyridamole 
and pacing, the magnitude of ischemia tended to be greater with dipyridamole (mean percentage of left ventricular myocar-
dium ± SD, 9.4 ± 11.0% vs. 7.0 ± 9.0%, p = 0.091). Furthermore, this difference resulted from accentuation of the pri-
mary ischemic zone with dipyridamole in patients with multi-vessel ischemia (mean ± SD, 28.1 ± 21.1% vs. 18.7 ± 
16.1%, p = 0.046). Conclusions: Despite major differences in mechanism(s) of induction of ischemia, dipyridamole and 
pacing produce similar results regarding detection, localisation and severity of ischemia. However, dipyridamole accentu-
ates ischemia in primary (vs. secondary) ischemic zones, consistent with known induction of coronary “steal”. This should 
be taken into account in interpretation of scan results. 
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the relative capacity of these techniques to (a) 
detect primary zones of ischemia (with a view to 
PCI) and (b) multi-vessel ischemia (as an indica-
tion for coronary artery surgery) is unknown. 
Therefore, the principal objective of the current 
study was to compare the induction of ischemia 
by these two stress methods in patients in 
whom adequate exercise was not feasible. The 
investigation tested the primary hypotheses 
that localisation and extent of induced ische-
mia would be independent of mode of induc-
tion. The secondary hypothesis of the study to 
be investigated was that the induction of single 
vs. multi-vessel ischemia does not vary be-
tween methods. 
 
Materials and methods 
 
Patient population 
 
The study was performed in a cross section of 
patients with a variety of bases for reduced exer-
cise capacity referred for stress myocardial per-
fusion imaging (MPI). Patients with pre-test 
probability of coronary artery disease (CAD) of 
over 5% [9] were invited to participate in the 
study. Those with brittle asthma, known allergy 
to dipyridamole, left bundle branch block, and 
atrial fibrillation were excluded. Any changes in 
cardiac status (e.g. myocardial infarct, revascu-
larisation) or major change in general health (as 
determined by the investigator) between stress 
imaging protocols were considered withdrawal 
criteria. Written informed consent was obtained 
before the study entry. The study was approved 
by the Central Northern Adelaide Health Ser-
vice Ethics of Human Research Committee. All 
patients underwent both pacing stress and 
dipyridamole stress SPECT MPI in random order 
within 2 weeks of each other. The mean time (± 
SD) between the 2 stress scans was 7 ± 7 (SD) 
days. Anti-anginal therapy was not withheld for the 
study, but neither medication changes nor thera-
peutic interventions were allowed between the 
two study procedures. 
 
Right atrial pacing stress protocol 
 
Tachycardic stress imaging was performed as previ-
ously described [10]. Using an aseptic technique, a 
bipolar 6F pacing catheter was inserted percutane-
ously into the right femoral vein under local an-
aesthesia and advanced into the right atrium 
under fluoroscopy using the Seldinger technique. A 
Swan-Ganz catheter was also inserted via the 
femoral vein for measurement of right heart 

pressures in all but 3 of the patients. Atrial pac-
ing was started at 80 beats/min and increased 
by 10 beats/min at one minute intervals, until 
one of the following endpoints was achieved: 
maximum heart rate of > 85% MAPHR; elevation 
of pulmonary capillary wedge pressure to > 35 
mmHg; severe chest pain; or development of atrial 
fibrillation or flutter. Intravenous atropine admini-
stration (300 mcg or 600 mcg) was given if atrio-
ventricular block occurred before these endpoints 
were reached. When an end-point was obtained, 
400 MBq of 99mTc Sestamibi (n = 25, 78%) or 
Tetrofosmin (n = 7, 22%) was injected via the 
femoral vein-sheath and flushed with 20ml nor-
mal saline. Pacing was continued for further 2 
minutes and then decreased until intrinsic 
rhythm returned. The heart rate, blood pres-
sure, 3-lead ECG and pulmonary capillary wedge 
pressure (PCWP) were monitored continuously 
during the stress test. The presence, intensity 
and character of chest pain during pacing were 
reported. 
 
Dipyridamole stress protocol 
 
Caffeine-containing products were not allowed for 
24 hours before the test. A dose of 0.56 mg/kg 
dipyridamole was infused via a peripheral intrave-
nous cannula for 4 minutes with the patient in 
the supine position. A 12-lead ECG was continu-
ously monitored during the administration of 
dipyridamole. 400 MBq 99mTc Sestamibi or Tetro-
fosmin (same as used in pacing protocol) was 
injected intravenously 3 minutes after completion 
of the infusion, followed by 75 mg of IV amino-
phylline another 3 minutes later to reverse 
dipyridamole effects. The patient’s symptoms, heart 
rate, blood pressure and a 12-lead ECG were re-
corded before, every 2 minutes during the test and 
repeated following aminophylline injection. 
 
SPECT imaging protocol 
 
A same-day stress-rest SPECT MPI protocol with-
out supplemental exercise was utilised. The stress 
SPECT imaging was performed 30 minutes after 
the stress injection. Only on the first study day 
was a rest study also performed 3 hours after the 
stress injection. 900 MBq of the 99mTc agent was 
administered intravenously at rest and followed by 
the performance of SPECT imaging 30 minutes 
later. The rest images were not repeated on the 
second study day. 
 
Myocardial perfusion images were acquired using 
a triple-headed Irix gamma camera (Philips; Cleve-
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land, Ohio) with a low-energy, high-resolution 
collimator. 60 projections (20s/projection) were 
obtained over a 360◦ circular arc (pixel size = 3.5 
mm). Filtered back projection using a Butter-
worth filter with a frequency cut-off of 
0.22cycles/pixel was performed. Motion correc-
tion was applied if needed, but no attenuation 
correction or scatter subtraction was applied. 
 
Quantitative analysis using 4D-MSPECT pro-
gram 
 
The 2 sets of stress myocardial SPECT images in 
comparison with same rest image were interpreted 
by blinded individuals for size and location of 
ischemic defects utilizing a quantitative software 
package (4D-MSPECT; the University of Michigan, 
USA) using a 5-point scale according to the severity 
of perfusion deficit (0 = normal, 1 = equivocal, 2 
= abnormal, 3 = severe, 4 = absent) in compari-
son to the normal database in the software corre-
sponding to patient’s gender. Summed stress 
scores (SSS) and summed rest scores (SRS) were 
obtained by total score added. Summed difference 
scores (SDS) was created by subtracting the SRS 
from the SSS. The extension of perfusion defects 
and reversibility of each region perfused by the 3 
main coronary arteries were calculated from polar 
maps of the deficit relative to normal database 
files and expressed as a percentage of that terri-
tory. A vascular territory reversible defect > 5% 
was interpreted as a significant ischemic region 
for purposes of regional ischemia localisation. 
Images with a total perfusion reversible defect 
sizes of < 3 %, 3% to 9%, and > 9% of total left 
ventricular myocardium were considered normal, 
mild, and severe reversible ischemia, respectively. 
These cut-off values correspond to summed differ-
ence scores (SDS) < 2, 2 ≤ SDS ≤ 7, and > 7, 
which were used in previous studies [11]. In order 
to evaluate the secondary hypothesis of the 
study, the “primary” ischemic region detected (if 
any) was defined on the basis of location of the 
reversible defect of maximal size. Statistical 
analysis of the 4D-MSPECT data was performed 
using the percentage extent of the left ventricular 
myocardium, avoiding potential changes in seg-
mental scores if alignment between rest and 
stress images was not perfect. 
 
Statistical methods 
 
One-way ANOVA analysis was used to compare differ-
ences in hemodynamic changes during pacing and 
dipyridamole stress tests. Correlations between the 
development of clinical ischemic parameters dur-

ing stress and the presence or absence of ische-
mia on both pacing and dipyridamole MPI were 
analysed using multivariate analyses. The two-
tailed paired t test was used to evaluate differences 
in the size of total ischemic perfusion defects of the 
two sets of MPI images. One-way analysis of vari-
ance with the post hoc Bonferroni test for multiple 
comparisons was used to determine differences 
exist among the means of reversible defect sizes 
between pacing and dipyridamole in 3 coronary 
artery regions. Distribution of segments according 
to 4D-MSPECT scores as well as concordance be-
tween pacing and dipyridamole MPI for individual 
coronary territory ischemic detection were as-
sessed via the Fisher exact test and compared by 
using Kappa statistic with 95% confidence interval 
(CI). A value of p <0.05 was considered signifi-
cant. 
 
Results 
 
Patient characteristics 
 
Clinical characteristics of the study population are 
shown in Table 1. 28 patients (9 female, 32%; 19 
male, 68 %; mean age 68 years old, range 46 to 
86) formed the study group. All patients had unde-
tectable serum caffeine levels (< 5 μmol/L) prior 
to dipyridamole stress. Mean BMI of the group 
was 29.1 ± 6.4. Hypercholesterolemia (79%) and 
hypertension (75%) were the most common car-
diac risk factors in this study group, followed by 
previous smoking (64%), diabetes mellitus 
(46%) and family history of CAD (39%).  
 
The population examined exhibited a range of fac-
tors precluding exercise stress imaging, including 
poor physical mobility due to leg or back pain, hip 
replacement, peripheral vascular disease, or leg 
amputation in 7 patients (25%), and/or severe 
shortness of breath during exercise in 15 patients 
(54%). Among patients with dyspnoea on mild exer-
tion, a previous exercise MPI had been negative at a 
low workload in 3 cases. Four patients had known 
severe systolic heart failure (NYHA class III or IV), 
and 1 had severe lung disease. 13 (46%) pa-
tients had previous MI, 6 (21%) had previous 
CABG and 5 (18%) had previous PTCA. Among 
patients with previous MI, 5 patients (18%) had 
a MI within 2 weeks of enrolment into the study 
and were referred for post MI risk assessment. 
The other reasons for stress MPI were typical chest 
pain in 13 patients (46%), dyspnoea in 14 (50%), 
and preoperative assessment in 4 (14%). Six pa-
tients (21%) underwent pacing MPI in conjunc-
tion with coronary angiography in order to define 
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zones of reversible ischemia in the presence of 
multi-vessel disease. 19 (68%) patients were tak-
ing nitrates, 14 (50%) were taking calcium chan-
nel blockers, and 13 (46%) were taking β-blockers 
at the time of their studies.  
 
No major complications were observed during 
either stress test. During pacing stress, 9 pa-
tients (32%) experienced chest pain, 6 (21%) had 
dyspnoea, and 13 (46%) had minor bleeding or 
local bruising at the femoral puncture site (4 of 
these 13 patients had coronary angiography 
immediately before the pacing stress test and 
among these, 1 had severe bleeding but no blood 
transfusion was required). One patient devel-
oped atrial fibrillation during pacing and the 
arrhythmia resolved 3 days after the termina-
tion of the test. The most common side effect 
during dipyridamole infusion was headache (39%), 
followed by flushing (25%), dizziness or dyspnea 
(11%), and palpitation (7%). All of these side 
effects were reversed within 2-5 minutes after the 
intravenous administration of aminophylline.  
 
Hemodynamic responses during pacing and 
dipyridamole stress tests 
 
There were no differences in heart rate, diastolic 

blood pressure and rate-pressure product (RPP) 
at baseline, but systolic blood pressure was 
significantly higher prior to pacing stress (p = 
0.018). During pacing stress, heart rate (p < 
0.0001), rate-pressure product (p < 0.0001), 
and PCWP (p = 0.019) at peak stress conditions 
were significantly higher compared to baseline, 
while there was a significant decrease in sys-
tolic blood pressure (p = 0.048). With dipyrida-
mole stress, there were a significant decrease 
in systolic and diastolic blood pressure (p = 
0.032 and 0.007, respectively), while heart rate 
increased significantly during peak stress com-
pared to baseline (p = 0.001). However, the 
increase in rate-pressure product did not reach 
significance. In comparison between two stress 
tests, heart rate, diastolic blood pressure, and 
rate-pressure product (but not systolic blood pres-
sure) increased significantly during pacing, com-
pared to dipyridamole stress. 
 
Clinical correlates of positivity of pacing and 
dipyridamole stress tests are shown in Table 2. In 
spite of a more profound increase in heart rate, 
systolic blood pressure, and rate-pressure product 
at peak pacing stress, there was no concordance 
between these changes and the finding of reversible 
ischemia with pacing MPI images. Interestingly, 

Table 1. Clinical Characteristics (BMI = body mass index, CABG = coronary artery bypass graft surgery, 
PTCA = percutaneous coronary angiography, MI = myocardial infarction, PVD = pulmonary vascular disease). 
Clinical Characteristics   No % 

Mean Age (range) 
Female 
Male 
BMI 
  
  
Cardiac history 
  
  
Reasons for study 
  
  
  
  
Reasons for non-exercise stress 
Inability to exercise 
  
b)      Other 
Cardiac risk factors 

68±10 (46 to 86) 
  
  
<25 
25 to 30 
>30 
MI 
CABG 
PTCA 
Chest pain: Typical 
Chest pain: Atypical 
Dyspnea 
Post MI 
Preoperative evaluation 
  
Poor physical mobility 
Dyspnea on mild exertion 
In conjunction with angiogram 
Hypertension 
Diabetes mellitus 
Hypercholesterolemia 
Smoking 
Family history 

  
9 
19 
8 
6 
14 
13 
6 
5 
13 
6 
14 
5 
4 
  
7 
15 
6 
21 
13 
22 
18 
11 

  
32 
68 
29 
21 
50 
46 
21 
18 
46 
21 
50 
18 
14 
  
25 
54 
21 
75 
46 
79 
64 
39 
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increased maximum rate-pressure product 
(MRPP) was a significant correlate of the presence 
of reversible perfusion defects with dipyridamole 
MPI (p = 0.017). Moreover, there was a trend to-
wards correlation between a fall in systolic blood 
pressure and reversible ischemia (p = 0.051). No 
significant correlation between the development 
of chest pain during both stress tests and the 
presence of ischemia was seen. 
 
Detection of reversible ischemia by pacing and 
dipyridamole stress 
 
Right atrial pacing MPI was normal in 9 patients 
(32%), showed fixed defects in 2 patients (7%) 
and reversible ischemia in 17 (61 %). The results 
for dipyridamole MPI were similar: 9 patients had 
normal scans, 2 had fixed defects, and 17 had re-
versible ischemia. Concordant results between pac-
ing and dipyridamole MPI for presence of ischemia 
were seen in 13 patients, while 8 patients had dis-
cordant results (p for concordance = 0.042). Over-
all, 21 patients had at least one area of reversible 
ischemia with either pacing or dipyridamole MPI. 12 
patients had multiple ischemic zones with 
dipyridamole (n = 8) and/or pacing (n = 9) 
stress. 
 
Right atrial pacing MPI showed mild reversible de-
fects in 8 (29%), and severe reversible defects in 9 
(32%). Similar results were obtained for dipyrida-
mole MPI: 7 had mild ischemia and 10 had severe 
ischemia. There was concordance between two 
stress tests regarding this grading of ischemic sever-
ity (Kappa value = 0.458, p value = 0.001; Table 3). 
Despite these overall results, 10 patients (35.7%) 
had discordant results. No patients with negative 
dipyridamole MPI were diagnosed with severe ische-
mia with pacing MPI, but one patient with normal 
pacing MPI had a severe reversible defect with 

dipyridamole MPI. In one patient, severe reversible 
defects were seen with dipyridamole, but only mild 
ischemia with pacing. Similarly, one patient with 
severe ischemia on the pacing MPI had only minor 
reversible defects with dipyridamole MPI. There 
was also a good correlation regarding sizes of 
total reversible ischemic zones by either pacing 
or dipyridamole MPI (r = 0.74, p < 0.0001) 
(Figure 1). However, there was a trend for more 
severe reversible ischemia to be induced by 
dipyridamole stress in comparison to pacing 
stress MPI. Median reversible defect size in-
duced by dipyridamole was 9.3 ± 11.0 % of left 
ventricular myocardial volume, compared to 7.0 
± 9.5(%) with pacing MPI (p = 0.09). There were 
no significant differences in reversible defect 
sizes in the three coronary artery territories be-
tween the two stress methods. 
 
Given the fundamental differences in mode of 
induction of ischemia between dipyri­damole 
and pacing, it was also possible that the two 
methods would also vary as regards the detec-
tion of multi-vessel ischemia. Therefore, com-
parisons were made of reversible defect size 
differences between primary and secondary 
ischemic regions induced by pacing (δP) and 
dipyridamole MPI (δD) in the 12 patients with 

Table 2. Clinical determinants of positivity of ischemia during pacing and dipyridamole stress MPI utilizing 
multivariate analysis (*n = 25). 
  Response B(S.E.) p value 95% C.I.for EXP(B) 

Lower Upper 
Pacing 
  
  
  
  

Age 
MHR 
MRPP 
SBP change 
PCWP change* 

-0.005(0.038) 
-0.025(0.04) 
0.000(0.000) 
-0.019(0.021) 
0.038(0.06) 

0.889 
0.532 
0.219 
0.363 
0.528 

0.923 
0.902 
1.000 
0.942 
0.923 

1.072 
1.055 
1.00 
1.022 
1.169 

Dipyridamole Age 
MHR 
MRPP 
SBP change 

-0.069(0.044) 
-0.01(0.029) 
0.0001(0.0001) 
0.068(0.035) 

0.117 
0.701 
0.017 
0.051 

0.856 
0.93 
0.999 
1.00 

1.018 
1.047 
1.00 
1.145 

 

Table 3. Concordance regarding extent of 
ischemia detected with pacing and dipyrida-
mole (Kappa value = 0.458, p = 0.001). 
Pacing MPI Dipyridamole MPI 

Negative Mild Severe Total 
Negative 
Mild 
Severe 
Total 

7 
4 
0 
11 

3 
3 
1 
7 

1 
1 
8 
10 

11 
8 
9 
28 
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multiple reversible perfusion defects (either with 
dipyridamole or pacing). Dipyridamole signifi-
cantly induced more pronounced reversible de-
fects in primary ischemic zones, compared to 
pacing (46.7 ± 25.8% vs. 33.4 ± 23.6%, p = 
0.05). However, there was no significant differ-
ence in ischemic sizes in secondary zones in-
duced by dipyridamole and pacing methods 
(18.6 ± 19.4% vs. 14.8 ± 12.6% respectively, p 
= 0.4). Nevertheless, the mean difference in 
severity of ischemia between primary and sec-
ondary ischemic zones was more pronounced 
with dipyridamole than with pacing MPI (28.1 ± 
21.1% vs. 18.7 ± 16.1%, p = 0.046) (Table 4). 
 
Consistent results using segment by segment 
comparisons of the quantitative 4D-MSPECT 
reversibility scores (SDS) were seen. A total of 
476 segments were analysed. An exact agree-
ment between pacing and dipyridamole SDS 
scores was seen in 392 segments (82%), while 
higher scores were seen with dipyridamole MPI 
in 55 segments (12%), compared to 29 seg-
ments with pacing stress (6%) (Kappa value = 
0.3 and p value <0.0001 for concordance).  

Discussion 
 
Detection, localisation and quantitation of induc-
ible myocardial ischemia all are potential advan-
tages of “physiological” evaluation of patients at 
cardiovascular risk. With aging and disability of the 
population, an increasing proportion of patients 
screened for inducible ischemia are unable to exer-
cise extensively. A number of alternative methods 
of induction of ischemia are available, and may be 
categorized as primarily tachycardia/inotropy-
based (e.g. dobutamine, pacing) or “steal”-based 
(e.g. dipyridamole, adenosine). The current com-
parison between pacing and dipyridamole stress 
MPI has revealed substantial similarities (in ische-
mia detection), but also potentially significant dif-
ferences. The differences in physiology between 
pacing and dipyridamole stress are obvious and 
extensive. Pacing involves predominantly tachy-
cardic stress with associated activation of the 
inotropic Treppe effect but can also be associated 
with emotional stress, so peripheral vasomotor 
changes may result. However, the presence of 
ischemia during pacing MPI was not correlated 
with any hemodynamic changes or the presences of 
either chest pain or ECG changes. Several previous 
studies have reported that neither ECG changes nor 
chest pain during pacing-induced tachycardia are 
reliable for the detection of CAD with a poor sensi-
tivity of 72% and specificity of 70% [12, 13]. In 
contrast, dipyridamole, a pharmacological vasodi-
lator, is used to generate segmentally hyperaemic 
coronary flow, creating flow heterogeneity be-
tween normal and abnormally perfused myocar-
dium. A small fall in systolic and diastolic blood 
pressure (related to direct vasodilatory effect of 
adenosine) accompanied by a small rise in heart 
rate (due to reflex tachycardia) resulting in an un-
changed rate-pressure product during dipyridamole 
(as well as adenosine) stress in patients with or 
without CAD is typically seen [14, 15]. Therefore, 
reversible perfusion defects induced by dipyrida-
mole are not due to an increase in myocardial oxy-
gen consumption [16, 17] and true myocardial 
ischemia is rare unless coronary “steal” occurs 

Figure 1. Correlation between total ischemic zone 
size with pacing and dipyridamole MPI (r = 0.74, p < 
0.0001). 

Table 4. Comparisons of reversible defect size differences between primary and secondary ischemic 
regions induced by pacing (δP) and dipyridamole MPI (δD) (2-tailed paired sample T-test). 
  Pacing (%) Dipyridamole (%) p value 

Primary ischemic zones 
Secondary ischemic zones 
Differences between primary and secondary 
zones 

33.4 ± 23.6 
14.8 ± 12.6 
18.7 ± 16.1 

46.7 ± 25.8 
18.6 ± 19.4 
28.1 ± 21.1 

0.05 
0.4 
0.046 
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[8]. In the current study, the magnitude of total 
reversible perfusion defects tended to be greater 
with dipyridamole in spite of less marked hemody-
namic responses at peak stress: this again implies 
that the pathogenesis of dipyridamole-induced 
ischemia is at least in part load-independent.  
 
There are no published data comparing the diag-
nostic value of atrial pacing and dipyridamole 
SPECT MPI for the detection of CAD. In this 
study, both methods were approximately equiva-
lent for the detection of myocardial ischemia. How-
ever, while there was a good correlation between 
size of total ischemic zones with dipyridamole and 
pacing, the magnitude of ischemia tended to be 
greater with dipyridamole. Furthermore, this dif-
ference resulted from accentuation of the pri-
mary ischemic zone with dipyridamole in patients 
with multi-vessel ischemia. Therefore, although 
dipyridamole stress induces more reversible perfu-
sion abnormalities, particularly in the primary 
ischemic zone, than pacing does, secondary ische-
mia in patients with multi-vessel disease may be 
missed with dipyridamole MPI. This underestima-
tion may be explained by the coronary “steal” 
phenomenon [7]. It has been reported in a PET 
study that there was a significant reduction in 
absolute myocardial blood flow in regions with 
angiographically proven collateral-dependent myo-
cardium during dipyridamole stress compared to 
regions without “steal” in approximately 45% 
patients with multi-vessel CAD [18]. Interestingly, 
Smart et al have previously observed that tachy-
cardic imaging with dobutamine/atropine stress 
echocardiography is superior to dipyridamole 
MPI in detection of multi-vessel disease: these 
findings may have an analogous basis to those 
of the current study [19]. However, the results of 
the current study cannot be utilised to evaluate 
the sensitivity/specificity of either dipyridamole 
or pacing MPI for detection of significant fixed 
coronary stenoses, given that angiography was 
not routinely performed. It does, however, have 
implications as regards the accuracy of localisa-
tion of putative stenoses. 
 
Study limitations 
 
While this is the first reported comparison of 
pacing vs. dipyridamole stress MPI, it was a rela-
tively small study and therefore the lack of sta-
tistical differences between methods in detect-
ing ischemia may reflect type II error. Further-
more, the patients were heterogeneous as re-
gards reason(s) for inability to exercise, and 

were receiving variable anti-ischemic pharmaco-
therapy: both of these factors may have affected 
outcomes. As the analysis was paired, the effect 
of anti-ischemic medication was minimised as 
no changes were allowed between the two 
stress studies. Also, as coronary angiography 
was not performed routinely anatomical corre-
lates with physiological findings are incomplete. 
However, the purpose of this study was the com-
parison of two methods of inducing ischemia, 
regardless of angiographic stenosis severity 
(which itself may be a poor predictor of ischemic 
effect). 
 
While dipyridamole is in extensive clinical use for 
pharmacological induction of ischemia, pacing is 
utilised only rarely (although may be easily util-
ised non-invasively in the increasing number of 
patients with permanent pacemakers), and 
dobutamine would be represented a more com-
monly utilized “tachycardic” stimulus. While the 
results for pacing and for dobutamine might 
have been similar, dobutamine actually repre-
sents a mixed tachycardic/vasodilator/inotropic 
stimulus [20, 21]. The observed differences be-
tween pacing and dipyridamole stress therefore 
are relevant as much related to understanding 
the physiology of inducible ischemia as to the 
choice of mode of induction. 
 
The 4D-MSPECT quantitative program is well 
validated in the evaluation of perfusion defects in 
a single SPECT study [22]. However, as in most 
MPI analysis programs, stress and rest datasets 
are normalized to the corresponding maximal pixel 
count. The rest-stress comparison will lose quanti-
tative accuracy if the maximal tracer content in a 
region of the rest image is relatively less than the 
stress image because the stress scan has been 
normalised to the brightest pixel in another seg-
ment. This issue should be taken into account in 
the case of multi-vessel disease interpretation due 
to a relative “balance” of ischemia, particularly 
in the case of dipyridamole stress MPI. Although 
the area of “best” perfusion may also be 
ischemic, it is still considered the maximal pixel 
count during normalisation [23]. As a result, the 
extent of individual ischemia in those patients is 
underestimated in about 40% of cases [24]. 
 
Conclusions 
 
The results have demonstrated good concordance 
between pacing- and dipyridamole-induced ische-
mia as regards presence/absence and extent/
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location of ischemia. However, when the results of 
individual distributions of main reversible ischemic 
zones were closely analysed, pacing and dipyrida-
mole MPI correlated only moderately as regards the 
detection of ischemic severity. Furthermore, 
dipyridamole accentuates reversible perfusion 
defects in primary vs. secondary ischemic zones in 
patients with multi-vessel ischemia, consistent 
with known induction of coronary “steal”. The 
fact that dipyridamole induces more marked ische-
mia in the primary ischemic zone in patients with 
multi-vessel disease should be taken into account 
before a patient is referred for a PTCA interven-
tion decision, while a pacing stress MPI may be 
more beneficial to determine how many 
ischemic regions are involved. 
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