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Association Between Blunted Heart Rate Response to
Dipyridamole and Myocardial Ischemia in Diabetic Patients as
Compared With Nondiabetic Patients
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ABSTRACT

Background: Blunted heart rate response (BHR) during dipyridamole stress testing has been
reported to be related to higher cardiac death. This study was performed to assess the
association between BHR and perfusion abnormalities in diabetic patients undergoing
dipyridamole stress ECG-gated myocardial perfusion imaging (MPI) as compared with
nondiabetic patients.

Methods: A total of 2172 subjects (1602 women and 570 men) at a mean age of 61 £+ 11 years
who were referred for MPI to our department were studied. The subjects were divided
into 2 groups on the basis of the presence or absence of diabetes mellitus (849 diabetic vs
1323 nondiabetic subjects).

Results: Dipyridamole-related BHR was noted in 471 (67.7%) patients, demonstrating a
significantly higher incidence in the diabetic patients than in the nondiabetic subjects
(P < 0.05). Both basal systolic and peak systolic blood pressures were significantly
higher in the patients with diabetes mellitus (P < 0.05). However, no significant
difference was noted in the number of segments with perfusion abnormalities in patients
with BHR as compared with the subjects with a normal hemodynamic response, neither
in the diabetic nor in the nondiabetic subjects.

Conclusions: The results of our study suggest that the presence of myocardial perfusion
abnormalities and left ventricular dysfunction is not related to abnormal heart rate
response during dipyridamole stress testing, neither in diabetic nor in nondiabetic
subjects. The incidence of BHR to dipyridamole is significantly higher in diabetic
patients, however. (Iranian Heart Journal 2020; 21(1): 67-74)
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n individual’s heart rate is a
physiological response to
autonomic, central, and peripheral

reflexes as well as intrinsic cardiac control
mechanisms. Different abnormalities could
be responsible for an abnormal heart rate
response to physiological stress including
renal failure, diabetes, and intrinsic cardiac
conditions such as coronary artery disease
(CAD) and cardiomyopathy. ! Dipyridamole
is routinely employed for pharmacological
stress testing in myocardial perfusion
imaging (MPI). This vasodilator agent has
also been used for the assessment of heart
rate response variability. #** Dipyridamole
may cause a modest decrease in blood
pressure, whereas there is a modest increase
in heart rate, which have been believed to be
a normal hemodynamic response to this
vasodilator ~ agent. > Chronotropic
incompetence, which is defined as an
attenuated chronotropic response to exercise,
has been considered to be a predictor of
increased mortality. ®' Likewise, it has been
shown recently that blunted heart rate
response (BHR) during dipyridamole stress
testing is related to cardiac death. ®78
Myocardial ischemia and left ventricular
dysfunction have been shown to be in
association with chronotropic incompetence
during exercise, ®* and the same association
might be present in dipyridamole-related
abnormal heart rate response, despite the
fact that the underlying mechanisms are not
yet understood. ° Furthermore, BHR to
dipyridamole has been associated with a
higher mortality risk, even in the presence of
normal myocardial perfusion, ’ which could
partly be explained by sudden cardiac death
and ventricular arrhythmias related to an
abnormal cardiac autonomic  nervous
system, ' Diabetes mellitus is known as
the most common metabolic disease in the
world. ¥ It is estimated that 20%-40% of
diabetic patients suffer from cardiac
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autonomic neuropathy, which can be
assessed by heart rate variability during the
vasodilator stress test, **'* resulting in an
increased risk of cardiovascular-related
mortality. **°

Hence, we performed the present study to
assess the association between BHR and
perfusion abnormalities in diabetic patients
undergoing dipyridamole stress ECG-gated
MPI as compared with nondiabetic patients,
using single-photon emission computed
tomography (SPECT).

METHODS

Study Population

Consecutive patients (N = 2172) who
underwent dipyridamole stress ECG-gated
SPECT MPI in Rajaie Cardiovascular,
Medical, and Research Center were enrolled
in this study. The exclusion criteria were
pregnancy, severe obstructive lung disease,
second- or third-degree atrioventricular
block without a functioning pacemaker,
acute myocardial infarction or unstable
coronary syndrome (< 24 h), systolic blood
pressure < 90 mm Hg, hypersensitivity to
dipyridamole, or atrial fibrillation.

Dipyridamole Stress Protocol

All the patients were instructed to interrupt
xanthine-containing compounds and
dipyridamole for 24 hours and to be in a
fasting state for 8 hours before testing.
When possible, they were also instructed to
discontinue B-blocking medications for 48
hours and calcium channel blockers as well
as long-acting nitrates for 24 hours. All the
patients underwent a structured interview for
recording demographic data, clinical history,
prior cardiac events, cardiac risk factors,
therapeutic procedures, and prior diagnostic
tests before the study. A 12-lead ECG was
obtained before and during stress testing at
2-minute intervals. The patients underwent
dipyridamole stress SPECT MPI according
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to the standard protocol. *° Dipyridamole in
a dose of 0.56 mg/kg of body weight was
infused intravenously over a 4-minute
period.

Heart rate and blood pressure were
measured at resting state in the supine
position and then every 1 minute after the
commencement of dipyridamole infusion for
a total period of 10 minutes. Next, 99mTc-
Sestamibi was injected 3 to 5 minutes after
the termination of dipyridamole infusion.
The peak stress heart rate was defined as the
maximum recorded heart rate during a 6-
minute period after the completion of
dipyridamole infusion. The peak stress to
baseline heart rate ratios were calculated and
the results were categorized as normal
(ratios > 1.2) or BHR groups (ratios < 1.2),
ggcording to the previously published data.

Acquisition Protocol

All the patients underwent a 2-day stress-
rest protocol, using 99mTc-Sestamibi with
an injection dose of 10 to 15 mCi in each
phase of the study. A series of 2
acquisitions, composed of a 60- to 90-
minute post-stress as well as a resting-state
acquisition, was carried out for all the
patients. The SPECT acquisitions were
conducted in the step-and-shoot mode with
32 thirty-second or 64 twenty-second
projections, a zoom factor of 1.46, and in a
non-circular 180° arc (45° RAO-to-LPO),
using a PHILIPS BrightView dual-head
gamma camera (USA), an Infinia Hawkeye
dual-head SPECT/CT hybrid camera (GE
Healthcare, USA), or a Symbia T2 dual-
head SPECT/CT hybrid camera (Symbia T2
System; Siemens Medical Solutions, USA),
equipped with low-energy, high resolution
(LEHR) collimators and an automated body
contour detection system.

Post-stress gated MPI with an acceptance
window of 30% was carried out for all the
subjects. All the data were stored in a
64x64x16 computer matrix and
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reconstructed with 3D ordered subset
expectation  maximization (3D-OSEM),
using 2 iterations and 8 subsets. !’ The
rotating raw images of all the participants
were seen visually, and the studies with
motion artifacts or low-count density were
excluded.

Image Interpretation

The reconstructed and reoriented images
were quality controlled and interpreted by
experienced nuclear physicians, using
AUutoQUANT®  software for  cardiac
quantification and functional analysis. ** A
semi-quantitative visual analysis of images
was performed on the basis of standard 17-
segment scoring. Each segment was
considered to be normal (with no perfusion
abnormality), ischemic (with reversible
perfusion abnormality), or infarcted (with
persistent perfusion abnormality and after
the exclusion of attenuation artifacts, using
the planar lateral view in the lateral
decubitus portion or CT-based attenuation
correction if available). *°

Gated short-axis images were processed, and
the left ventricular ejection fraction was
automatically calculated. Patients with a
post-stress ejection fraction < 50% were
considered to have left ventricular
dysfunction.

Statistical Analysis

The »* test was used for the categorical and
the Student t-test and the Mann—Whitney U
test for the numerical variables. Multivariate
logistic regression models were also
performed  to investigate  adjusted
associations between the variables.

The data were described as the mean * the
standard deviation (SD) and as counts (%)
for the interval and the categorical variables,
respectively. A P value < 0.05 was
considered a statistically significant result.
The data were handled and analyzed with
Statistical Program for Social Sciences
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(SPSS 15.0 for Windows, SPSS Inc,
Chicago, Illinois).

RESULTS

A total of 3021 patients, who were referred
to Rajaie Cardiovascular, Medical, and
Research Center for MPI study, were
included in the study. A total of 849 patients
were also excluded from the analysis due to
recent intakes of beta-blockers, calcium
channel blockers, known chronic renal
failure, or incomplete data. Therefore, 2172
patients (1602 women and 570 men) at a
mean age of 61 + 11 years were enrolled in
this study. Of this total, 520 (23.9%) patients
had diabetes mellitus. The background and
demographic descriptive data are shown in
Table 1 and the comparisons of the
demographic  differences, hemodynamic
response, and MPI parameters according to
the presence or absence of diabetes mellitus
are depicted in Table 2.
Dipyridamole-related BHR was noted in
1476 (68%) patients, demonstrating a
significantly higher incidence in the diabetic
patients than in the nondiabetic subjects (P =
0.008). Both basal systolic and peak systolic
blood pressures were significantly higher in
the patients with diabetes mellitus (P =
0.002), whereas no significant difference
was noted in the peak to basal blood
pressure  changes.  Furthermore, no
significant difference was noted in the
number of either ischemic or infarcted
myocardial segments in the patients with
BHR as compared with the subjects with a
normal hemodynamic response, neither in
the diabetic nor in the nondiabetic subjects
(Table 3).

The adjusted association analysis by logistic
regression models (Table 4) revealed no
significant ~ association  between  the
incidence of myocardial ischemia and BHR,
whereas there was a statistically significant
association between ischemia and diabetes
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mellitus (OR = 1.574; P < 0.001) as well as
hypertension (OR = 1.283; P = 0.010).

DISCUSSION

Normal  hemodynamic  response  to
dipyridamole is reflected by systemic
vasodilatation, with a modest decrease in
blood pressure and a modest increase in
heart rate. >?° Despite the fact that CAD has
been introduced as an intrinsic cardiac
condition, responsible for BHR, >?%% we
found no association between the incidence
of abnormal perfusion in patients with
dipyridamole-related BHR as compared with
patients with a normal response, neither in
diabetic nor in nondiabetic subjects.
Furthermore, BHR was not related to left
ventricular dysfunction in our study as well.
However, the incidence of BHR was
significantly higher in diabetic patients than
in nondiabetic subjects. One of the
explanations for this finding could be related
to the higher incidence of cardiac autonomic
neuropathy in diabetes mellitus.

In a large cohort of patients undergoing
adenosine stress MPI, Abidov et al
demonstrated that several hemodynamic
variables could provide independent
information in the risk assessment of
patients. They found that patients with high
resting heart rates were at a higher risk of
cardiac death and that the peak to basal HR
ratio provided incremental prognostic
information over MPI results, enhancing the
risk stratification of patients regarding
cardiac death, particularly among those with
normal perfusion. Although the authors
showed that this fact might be related to
heart failure, the ventricular function was
not assessed in that study. Furthermore,
diabetes mellitus was not regarded as a
separate entity.

Bhatheja et al ® also reached the same
conclusion by showing that BHR to
dipyridamole was a predictor of cardiac
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death even in the setting of normal perfusion
scan and normal ECG.

In a recent study by Mathur et al, * BHR was
an independent predictor of cardiac
mortality after adjustments for perfusion and
function-related gated SPECT variables.

Our study is in accordance with the
previously published data that found no
association between myocardial ischemia or
infarction and BHR, using MPI. Previous
research has linked BHR to dipyridamole to
higher mortality as a result of an abnormal
cardiac nervous system, predisposing
patients to ventricular arrhythmias and
sudden death. "%

The findings of our study are also in
accordance with previous epidemiological
studies, which have demonstrated that
diabetic patients have a higher probability of
BHR. 2,9,18
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Limitations

Our results are based on a population of
patients who were referred to our
department for gated SPECT MPI study;
therefore, there might be a question on the
implication of the results to a broader
population. Moreover, the current study is
retrospective, in spite of the prospective
collection of all the data. Chronic renal
failure and diabetic neuropathy have been
concluded to cause BHR in previous studies.
291820 However, the data concerning these
conditions were unavailable and were not
included in our study. Finally, this study was
carried out in a single nuclear cardiology
center.

Table 1. Background and demographic descriptive data (N = 2172)

Age (y) 6111
Gender (F/M) 1602/570 (73.8/26.2)
Symptoms:
Atypical chest pain 1151 (53.0)
Typical chest pain 234 (10.8)
DOE 1068(49.2)
Palpitation 579 (26.7)
Arrhythmia 22 (1.0)
None 225 (10.4)
Risk Factors:
Diabetes mellitus 520 (23.9)
Hypertension 1132 (52.1)
Hypercholesterolemia 885 (40.7)
Family history 286 (13.2)
Hemodynamic Variables:
Basal HR (beat per minute) 69.6 +17.9
Peak HR (beat per minute) 60.6 + 34.5
Peak HR/Basal HR
<1.2 1471(67.7)
>1.2 693 (31.9)
Basal systolic BP (mm Hg) 138.0 +18.0
Basal diastolic BP (mm Hg) 74.1 £23.5
Peak systolic BP (mm Hg) 142.0 £ 31.0
Peak diastolic BP (mm Hg) 73.8 +23.8
EF 66.2+7.6

Statistics are numbers (%) or the mean + the standard deviation.

HR, Heart rate; BP, Blood pressure
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Table 2. Comparison of the demographic differences, hemodynamic, and MPI parameters in the patients with

diabetes mellitus as compared with the nondiabetic subjects

Diabetes Mellitus

Characteristic/ Variable Yes No
n =520 n = 1652
Age (y) 62 +9.8 61+11.3 0.015
Gender (F/M) 385/135 1217/435 0.867
Hemodynamic Variables:
Peak HR/Basal HR
<1.2 378 (72.7) | 1098 (66.5) | 0.008
>1.2 142 (27.3) | 554 (33.5)
Peak HR (beat per minute) 61.2+35.1 | 60.4+344 | 0.199
Basal HR (beat per minute) 70.1+20.4 | 69.5+17.1 | 0.001
Basal systolic BP (mm Hg) 14.1+1.9 13.8+1.8 0.002
Basal diastolic BP (mm Hg) 73.1+24.6 | 74.4+23.1 | 0.586
Peak systolic BP (mm Hg) 146+4.1 141+28 0.002
Peak diastolic BP (mm Hg) 72.8+24.9 | 74.1 £23.4 | 0.560
Basal/peak systolic BP (mm Hg) 09+0.1 09+0.1 0.664
Basal/peak diastolic BP (mm Hg) 11+1.1 1.1+1.01 0.795
Number of ischemic infarcted segments | 348 (66.9) | 856 (51.8) | <0.001
Number of ischemic segments 341 (65.6) | 827 (50.1) | <0.001
Number of infracted segments 55 (10.6) 104 (6.3) 0.001
EF 66.8+6.6 | 66.1+7.8 0.298

Statistics are numbers (%) or the mean + the standard deviation.

Significant P values in bold

MPI, Myocardial perfusion imaging; HR, Heart rate; BP, Blood pressure; EF, Ejection fraction

Table 3. Comparison of the number of ischemic, infarcted, or ischemic infarcted segments according to the peak to

baseline heart rates in the diabetic

patients

Characteristic/ Variable

Peak-to-Baseline

<1.2
n =378

Heart Rate

>1.2
n =142

Number of ischemic infarcted segments | 256 (67.7) | 92 (64.8) 0.526
Number of ischemic segments 252 (66.7) | 89 (62.7) 0.393
Number of infracted segments 43 (11.4) 12 (6.5) 0.296

Statistics are numbers (%).

Table 4. Multivariate logistic regression analysis for the association between ischemia and HR variability, adjusted for

the EF, diabetes mellitus, h

pertension, and h

percholesterolemia

95% ClI for EXP(B)

Characteristic/ Variable P value
Diabetes mellitus 0.454 1.574 0.000 1.978 0.001
Hypertension 0.249 1.283 0.010 1.551 0.010
Hypercholesterolemia 0.172 1.188 0.083 1.443 0.083
EF 0.001 1.001 0.892 1.013 0.892
Peak to basal HR 0.032 0.969 0.753 1.182 0.753

Significant P values in bold

HR, Heart rate; EF, Ejection fraction
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CONCLUSIONS

The incidence of BHR to dipyridamole was
significantly higher in the diabetic patients
in the present study; nonetheless, the results
presented herein suggest that myocardial
perfusion abnormalities and left ventricular
dysfunction are not related to an abnormal
heart rate response during dipyridamole
stress testing, neither in diabetic nor in
nondiabetic  subjects.  As  previously
published data indicate, given an increased
risk of cardiac-related mortality in patients
with  BHR during dipyridamole stress
testing, more attention should be paid to the
risk stratification of patients with normal
gated SPECT MPI but with BHR to
dipyridamole stress testing.
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