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Higher events rate in patients with a normal gated
myocardial perfusion imaging with dipyridamole
than exercise: “Run for reliability”
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Objective: The aim of this is to evaluate the negative predictive value (NPV) of a normal gated myocardial perfusion
imaging (NGMPI) with exercise and dipyridamole in a propensity matched population. Materials and Methods: This
is a prospective study conducted at Nuclear Cardiology Department of Karachi Institute of Heart Diseases,
Karachi from December 2008 until June 2010. A total of 809 patients with a NGMPI with adequate
exercise (558/809) or dipyridamole (251/809) stress were included and followed-up for 12-30 months (mean
24 + 3 months) for fatal or non-fatal myocardial infarctions (MI). Results: Mean ejection fraction (%), end
diastolic volume (ml), and end systolic volume (ml) in exercise and dipyridamole cohorts were (72 + 08,
66+ 11), (68 13,81+ 17), and (19 + 11, 26 + 12) respectively. On follow-up, in dipyridamole cohort 2 fatal
and 6 non-fatal Mls were reported. While in exercise cohort only 2 non-fatal Mls were reported. The NPV of a
NGMPI with exercise was 99.7% (95% confidence interval [CIl] 98.93-99.96%) with an event rate of 0.3% (95%
Cl; 0.03-0.6%) and annualized event rate of 0.15%. The NPV of NGMPI with dipyridamole was 96.80%
(95% ClI; 2.2-4.3%) with an event rate of 3.2% (95% Cl; 1.39-3.83%) and annualized event rate of approximately
1.6%. Event free survival for dipyridamole group was significantly lower than exercise analyzed by Log-rank
test (14.509, P < 0.001). Conclusion: A NGMPI with dipyridamole stress has higher event rate (low-NPV) as
compared with exercise and this raises concern over its credibility to label these patients into low-risk group.
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INTRODUCTION

event rates after a negative test) are particularly useful because
they identify low-risk persons who generally do not need

Gated single photon emission computerized tomography  additional tests and interventions. A large body of data has

(GSPECT) myocardial perfusion imaging (MPI) has enjoyed
great success over the past several decades as a technique
for accurately diagnosing!"! and risk-stratifying®” patients with
suspected or known coronary artery disease (CAD). Accurate
risk stratification has become increasingly important to optimize
patients’ outcomes and contain rapidly escalating medical care
cost. Tests with high-negative predictive values (NPVs) (low
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confirmed that a normal GSPECT MPI with adequate exercise
has < 1% annualized event rate for major adverse cardiac events
(MACE)PY and accuracy is similar in both men and women®
and it is widely assumed that normal pharmacological single
photon emission computerized tomograph (SPECT) studies
also identify low-risk patients.”! Howevert, a meta-analysis of
10 exercise and 8 pharmacological studies reported a higher event
rates in patients with pharmacological stress than exercise.” This
evidence raises a serious concern about the reliability and strength
of normal pharmacological MPI for categorizing patients into
low-risk group.

The goal of the present study was to compare the NPV of
normal gated myocardial perfusion imaging NGMPI) performed
with dynamic exercise and dipyridamole.
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MATERIALS AND METHODS

Study design, site and duration

This is a prospective study conducted at Nuclear Cardiology
Department of Karachi Institute of Heart Diseases (KIHD),
Karachi, Pakistan from December 2008 till June 2010. The
ethical committee of the institute duly approved this study.
Patients with a normal MPI (with adequate dynamic exercise
or dipyridamole intervention), defined as absence of perfusion
defects on stress images and no transient ischemic dilatation
visually, normal left ventricular ejection fraction (EF = 50%),
normal wall motion (WM), sum stress score (SSS), sum rest
score (SRS), and sum difference score (SDS) all < 2 were
included in the study. Patients with known CAD or previous
history of revascularization or positive MPI were excluded. All
patients/families were interviewed on telephone (12-30 months
follow-up, mean 24 £ 3 months) regarding MACE like
fatal or non-fatal myocardial infarction and the history of
revascularization.

Study population

Study included 809 consecutive patients with NGMPI with
adequate dynamic exercise or dipyridamole stress and were
referred ecither for evaluation of chest pain or risk-factor
assessment (intermediate-risk patients). The mean age of
the studied population was 51 & 08 years with a male: female
ratio of 299:510 (37%:63%). On the basis of mode of stress
used, patients were divided into exercise group (558/809,
69%) and dipyridamole group (251/809, 31%). In exercise
cohort, mean age of population was 50 £ 11 years with
M:F of 173:385 (31%:69%). Risk-factor assessment revealed
that 396 (71%) were hypertensive, 181 (32%) were diabetic,
195 (35%) were dyslipidemic, 84 (15%) were smokers and positive
family history for CAD was found in 212 (38%) [Table 1].
In dipyridamole cohort, mean age of population was
53 £ 10 years with M:F of 126:125 (50%:50%). Risk-factor
assessment revealed that 203 (81%) were hypertensive, 94 (37%)
were diabetic, 96 (38%) were dyslipidemic, 45 (18%) were
smoker and positive family history for CAD was found in
104 (41%) [Table 1].

Table 1: Patients’ demographic features

Total Exercise Dipyridamole P value
patients group group

Number (n) 809 558 (69%) 251 (31%)
Age in years 510850 51+1153  51+100.341
(meanzSD)
Male:Female 299:510 173:385 126:125 <0.05
Hypertension (%) 599 (74) 396 (71) 203 (81) 0.502
Diabetes mellitus (%) 275 (34) 181 (32) 94 (37) 0.434
Dyslipidemia (%) 291 (36) 195 (35) 96 (38) 0.277
Family h/o CAD (%) 316 (39) 212 (38) 104 (41) 0.102
Smoker (%) 129 (16) 84 (15) 45 (18) 0.151
LVEF (%) 68+0872 6810866 68+110.06
EDV (ml) 7411668  74+1381 74+170.15
ESV (ml) 2440919  24+1126 24+120.11

CAD: Coronary artery disease, SD: Standard deviation, LVEF: Left ventricular
ejection fraction, EDV: End diastolic volume
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Acquisition protocol

All patients underwent same day (rest-stress or stress-rest)
myocardial perfusion GSPECT using Tc-99m labeled
Methoxy IsoButyl Isonitrile (MIBI). 10-15 mCi (370-555
MBq) of Tc-99m MIBI was administered intravenously for
first study (rest in rest-stress or stress in stress-rest protocol)
and 25-30 mCi (925-1110 MBq) for second study (stress in
rest-stress or rest in stress-rest protocol). Gated stress and
non-gated rest SPECT acquisitions were performed using
dedicated dual head cardiac (Cardio MD, Philips) gamma
camera with low-energy all-purpose collimator, 32 projections
around a 180 degree arc, a 64 X 64 matrix and 16 frames per
cardiac cycle. Image reconstruction and left ventricular (LV)
functional parameters (EF, end diastolic volume (EDV), end
systolic volume (ESV), and WM) were contemplated by using
commercially available Astonish® and Autoquan® software
packages respectively. An EF = 50%, ESV < 70 ml and WM
score of zero (in a 17 segment model) were considered normal.
Similarly, gated myocardial perfusion imaging (GMPI) with SSS,
SRS and SDS < 2 were considered as normal

Stress protocol

Dynamic exercise (either Bruce or Modified Bruce protocol) was
performed using treadmill and exercise was considered adequate
when patient achieved = 85% of age predicted target heart
rate (220-age) or developed typical angina or dyspnea or > 2 mm
ST depressions in 2 or more leads. Beta blockers, calcium
blocker, and long acting nitrate were stopped 24-48 h prior the
test. Dipyridamole intervention was petformed (0.567 mg/kg
for 4 min) in-patients who were unable to perform dynamic
exercise or having left bundle branch LBBB on resting ECG
or specifically asked by the referring physicians due to limited
exercise capacity. Tea, coffee, and xanthine derivatives were
stopped 24 prior in patients scheduled for dipyridamole test.
A rise in 2 10 beats (from baseline) or drop of 2 10 mmHg of
systolic blood pressure with or without symptoms or ST changes
were considered as adequate response to dipyridamole. Tc-99m
MIBI was given 1 min before terminating exercise or 3-4 min
after dipyridamole infusion.

Statistical analysis

Comparisons between patient groups were performed using
student-7 test for continuous variables and the ) test for
categorical variables. Continuous variables were described by
mean ¥ standard deviation. Kaplan-meier cumulative survival
analysis for major cardiac events like fatal and non-fatal Mis was
performed, and sutrvival curves were compared by the log rank
test. Statistical significance was defined as P < 0.001

RESULTS

The mean EF (%) of studied population was 68 £ 8% while
mean EDV (ml) and ESV (ml) were 74 £ 16 and 24 + 09
respectively [Table 1, Figure 1]. In exercise cohort the mean
EF (%), EDV (ml), and ESV (ml) were 72 £ 08, 68 £ 13, and
19 £ 11 respectively. In dipyridamole cohort, the mean EF (%),
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EDV (ml) and ESV (ml) were 66 £ 11, 81 £ 17 and 26 £ 12
respectively [Table 1, Figure 2].

At 12-30 months follow-up, in dipyridamole cohort 2 fatal (1 male,
1 female) and 6 non-fatal MIs (4 males and 2 females) were
reported. While in exercise cohort only 2 non-fatal MIs were
reported. The NPV of a NGMPI with exercise was 99.7% (95%
confidence interval (CI) 98.93-99.96%) over a mean follow-up of
24 *+ 3 months with an event rate of 0.3% (95% CI; 0.03-0.6%)
and annualized event rate of 0.15%. The NPVs of NGMPI
with dipyridamole was 96.80% (95% CI; 2.2-4.3%) over a mean
follow-up of 24 + 3 months with an event rate of 3.2% (95% CI;
1.39-3.83%). The annualized event rate was approximately 1.6%.
The event free survival for dipyridamole group was significantly
lower than exercise group analyzed by Log rank test (14.509,
P < 0.0001) [Figure 3].

DISCUSSION

Dynamic exercise is considered gold standard for stress MPI as
it most effectively dilates the coronaries; however, a submaximal
exercise reduces the sensitivity of test and gives false negative
results.®l Pharmacological stress (vasodilator using dipyridamole,
adenosine and recently regadenoson) is used in patients in whom
exercise is not feasible for one or the other reason; and in United
States about 50% of MPIs are carried out with pharmacological
stress.”! Various initial studies comparing MPT results obtained
with vasodilators stress have shown good concordance with
exercise stress.'*!'"! However, a meta-analysis published in 2004
by Navate, ef al' revealed increased event rates in patents with
normal MPI performed with pharmacological stress and this
was attributed to greater age and associated morbidities in said
cohort. Our prospective study also revealed higher MACE rate
in dipyridamole group than exercise. Importantly the mean age
of patients in both groups was almost same and the incidence of
risk-factors was also not statistically significant, which rules out
possible contributory role of age and risk-factors as assumed in
non-propensity matched eatlier studies.” Out findings correlate
with the results of recently published study where higher mortality
was seen in propensity matched cohort with NGMPI performed
with adenosine stress.! We don’t have a tangible explanation for
this observation. One plausible explanation could be inadequate
vasodilatation by dipyridamole due to either variable endothelial
dysfunction or idiosyncratic effect of stress agent. However, early
studies have shown comparable magnitudes of ischemia induced
by exetcise and dipyridamole.**! Other possibility might be
the effects of calcium and beta blockers, which reportedly may
reduce the sensitivity of stress MPI substantially."*!*! Although,
it is our routine to advice patients to stop calcium and beta
blockers at least 24 h prior the test but we are not sure about
non-compliance, which is a limitation of this study. However,
data from recently published study!® have re-demonstrated
higher mortality in adenosines group after eliminating patients
who were on these medications. The emerging data revealing
higher MACE in patients with NGMPI with pharmacological
stress warrants a close follow-up of these cases as compared to
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Figure 1: Overall left ventricular function parameters estimated on gated
myocardial single photon emission computerized tomography
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Figure 2: Left ventricular function parameters estimated on gated myocardial
single photon emission computerized tomography in dynamic exercise and
dipyridamole stress cohort
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Figure 3: Kaplan Meier plot for event free cumulative survival in dynamic exercise
and dipyridamole stress cohort for average 24 + 3 months follow-up

patients with normal exercise MPI. Furthermore, it demands a
prospective study using positron emission tomography (PET)
perfusion agent, comparing coronary flow reserve (CFR) during
exercise and pharmacological stress in a propensity matched
group of patients.
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We conclude that a normal GMPI with dipyridamole stress has
higher event rate (low-NPV) as compared with exercise and this
raises concern over its credibility to label these patients into low-risk
group. We do recommend a prospective study using PET perfusion
agent, compating CFR during exercise and pharmacological stress
for precise evaluation of this important issue.

REFERENCES

1. Klocke FJ, Baird MG, Lorell BH, Bateman TM, Messer JV, Berman DS,
et al. ACC/AHA/ASNC guidelines for the clinical use of cardiac
radionuclide imaging — Executive summary: A report of the American
College of Cardiology/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/ASNC Committee to Revise the 1995 Guidelines
for the Clinical Use of Cardiac Radionuclide Imaging). ] Am Coll Cardiol
2003;42:1318-33.

2. Shaw LJ, Iskandrian AE. Prognostic value of gated myocardial perfusion
SPECT. J Nucl Cardiol 2004;11:171-85.

3. Metz LD, Beattie M, Hom R, Redberg RE, Grady D, Fleischmann KE.
The prognostic value of normal exercise myocardial perfusion imaging
and exercise echocardiography: A meta-analysis. ] Am Coll Cardiol
2007;49:227-37.

4. Zaman MU, Usmani S, Niyaz K, Fatima N, Kamal S, Hameed A, ¢7 al. A.
Validation of prognostic and negative predictive value of normal cardiac
perfusion study in local population. PJR 2009;19;77-9.

5. Zaman MU, Fatima N, Samad A, Ishaq M, Rasheed Z, Balcoh DJ, ez al.
Overall and gender-based negative predictive value of a normal gated
myocardial perfusion SPECT study: A single center experience. Ann Nucl
Med 2011;25:207-11.

6. Rozanski A, Gransar H, Hayes SW, Friedman JD, Hachamovitch R,
Berman DS. Comparison of long-term mortality risk following normal
exercise vs. adenosine myocardial perfusion SPECT. ] Nucl Cardiol
2010;17:999-1008.

7. Navare SM, Mather JF, Shaw L], Fowler MS, Heller GV. Comparison of risk
stratification with pharmacologic and exercise stress myocardial perfusion

Indian Journal of Nuclear Medicine | Vol. 27: Issue 3

imaging: A meta-analysis. ] Nucl Cardiol 2004;11:551-61.

8. Gulati M, McBride PE. Functional capacity and cardiovascular assessment:
Submaximal exercise testing and hidden candidates for pharmacologic
stress. Am J Cardiol 2005;96:11]-19.

9. Hendel RC, Bateman TM, Cerqueira MD, Iskandrian AE, Leppo JA,
Blackburn B, ¢ 4/. Initial clinical experience with regadenoson, a novel
selective A2A agonist for pharmacologic stress single-photon emission
computed tomography myocardial perfusion imaging. ] Am Coll Cardiol
2005;46:2069-75.

10.  Levine MG, Ahlberg AW, Mann A, White MP, McGill CC, Mendes de
Leon C, e al. Compatison of exercise, dipyridamole, adenosine, and
dobutamine stress with the use of Tc-99m tetrofosmin tomographic
imaging. | Nucl Cardiol 1999;6:389-96.

11. Nishimura S, Mahmarian JJ, Boyce TM, Verani MS. Equivalence between
adenosine and exercise thallium-201 myocardial tomography: A multicenter,
prospective, crossover trial. ] Am Coll Cardiol 1992;20:265-75.

12.  Leppo JA. Dipyridamole-thallium imaging: The lazy man’s stress test. | Nucl
Med 1989;30:281-7.

13. Varma SK, Watson DD, Beller GA. Quantitative comparison of
thallium-201 scintigraphy after exercise and dipyridamole in coronary
artery disease. Am ] Cardiol 1989;64:871-7.

14.  Sharir T, Rabinowitz B, Livschitz S, Moalem I, Baron J, Kaplinsky E,
et al. Underestimation of extent and severity of coronary artery disease
by dipyridamole stress thallium-201 single-photon emission computed
tomographic myocardial perfusion imaging in patients taking antianginal
drugs. ] Am Coll Cardiol 1998;31:1540-6.

15.  Taillefer R, Ahlberg AW, Masood Y, White CM, Lamargese I, Mather JF,
et al. Acute beta-blockade reduces the extent and severity of myocardial
perfusion defects with dipyridamole Tc-99m sestamibi SPECT imaging.
J Am Coll Cardiol 2003;42:1475-83.

How to cite this article: Fatima N, uz Zaman M, Ishag M, Rasheed SZ,
Baloch DJ, Wali A, et al. Higher events rate in patients with a normal gated
myocardial perfusion imaging with dipyridamole than exercise: “Run for
reliability”. Indian J Nucl Med 2012;27:172-5.

Source of Support: Nil. Conflict of Interest: None declared.

| July-September, 2012

175 |



