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Abstract

Introduction: During the pharmacological stress test with dipyridamole, a
normal hemodynamic response is slightly reduced blood pressure and raised
heart rate (HR). However, sometimes the HR response is reduced. This study
investigated the relationship between the HR response during the dipyrida-
mole stress test and the severity of the perfusion defects using Thallium 201
myocardial perfusion imaging. Methods: We enrolled 50 patients undergoing
dipyridamole stress at the nuclear cardiology Lab, Main University Hospital
of Alexandria. Standard dipyridamole protocol (infusion over 4 min) and
standard thallium 201 protocol (2 min after dipyridamole infusion) were fol-
lowed. If the heart rate (HR) ratio (peak HR/rest HR) was 1.20 or less, it was
considered a reduced response. Total perfusion defect (TPD), summed stress
score (SSS), summed rest score (SRS), and summed difference score (SDS) for
myocardial perfusion were calculated. Patients with reduced HR response and
normal HR responses were compared and independent predictors of reduced
HR response were determined. Results: About 56% of patients had reduced
HR response; which included a high number of patients with a history of dys-
lipidemia and diabetes mellitus. The reduced HR response group showed
lower SSS, SRS. The analysis showed that the independent predictors of re-
duced HR response were rest HR, SSS, and diabetes mellitus. Conclusions:
Reduction in the HR response during the dipyridamole-induced stress test is
related to the severity of perfusion defect, diabetes mellitus, and Dyslipide-
mia.

Keywords

Myocardial Perfusion Scintigraphy, Dipyridamole, Heart Rate

DOI: 10.4236/wjcd.2021.1111051  Nov. 30, 2021

539 World Journal of Cardiovascular Diseases


https://www.scirp.org/journal/wjcd
https://doi.org/10.4236/wjcd.2021.1111051
https://www.scirp.org/
https://doi.org/10.4236/wjcd.2021.1111051
http://creativecommons.org/licenses/by/4.0/

A. Kamal et al.

1. Introduction

A cardiac stress test is a diagnostic test conducted in a controlled clinical envi-
ronment to measure the heart’s ability to respond to external stress induced ei-
ther by exercise or by pharmacological stimulation. In the test, coronary circula-
tion at rest and the maximum cardiac exertion are compared to unveil the ab-
normal blood flow to the myocardium.

In patients unable to perform the required physical exercise for the test due to
physical limitations or other conditions, stress is induced by pharmacologic sti-
mulation. 1 Vasodilators like dipyridamole, adenosine, or regadenoson are used
for pharmacologic-stress tests to imitate a similar cardiac response to exercise.
These vasodilators increase the myocardial perfusion to reveal ischemic regions.
Myocardial perfusion and myocardial function are assessed using an imaging
modality with a contrast medium (myocardial perfusion imaging; MPI). Maxi-
mum stress, whether induced by physical activity or drug-induced, leads to max-
imum coronary blood flow. The resultant coronary blood flow reveals inconsis-
tency in blood flow between normal and stenosed arteries. The increased oxygen
demand in response to exercise, or vasodilator effects of a pharmacologic stress
agent creates the required stress to attain the coronary flow.

The resting coronary flow can remain normal in coronary artery disease (CAD)
despite high-grade stenosis due to reduced distal arterial resistance in the ste-
nosed arteries to allow normal perfusion. Putting heart in stressed conditions
can help to detect CAD. When the pharmacologic stressor is administered to pa-
tients, myocardial regions supplied by normal or near-normal arteries have in-
creased blood flow, while the stenosed arteries have lower blood flow.

Dipyridamole is a thromboxane synthase inhibitor and a lipophilic pyrimi-
dine. It leads to indirect vasodilatation due to increased myocardial oxygen de-
mand when administered intravenously. Dipyridamole inhibits cellular uptake
of endogenous adenosine and also inhibits adenosine breakdown. This increases
local adenosine concentration leading to indirect vasodilatation [1]. In patients
with coronary artery diseases, regional heterogeneity is generated in coronary
artery flow. The coronary arterial blood flow increases approximately thrice the
resting values in normal subjects. Whereas, in the tissue supplied by a stenosed
coronary artery the hyperaemic flow is reduced. The difference in the blood flow
causes heterogeneity of tracer uptake on perfusion images, ultimately detecting
the abnormalities.

Dipyridamole is associated with a lower frequency of side effects and is
cost-effective compared to adenosine and regadenoson. The heart rate (HR) is
slightly raised and systolic and diastolic blood pressures are reduced during the
dipyridamole-induced stress test [2] [3]. Although some studies have associated
the reduced HR response observed in dipyridamole induced stress test to in-
creased risk of cardiac death [4] [5] [6] [7]. There have been no studies to un-
derstand the abnormal hemodynamic response and its relation to the perfusion
defect.
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This study investigated HR response to dipyridamole and its association with
the severity of perfusion defect, along with demographic variables, hemodynam-
ic factors, and non-gated SPECT variables in patients undergoing myocardial
perfusion scintigraphy. This study investigated the relationship between the re-
duced HR response during the dipyridamole-induced stress test and the severity
of the perfusion defect using the Thallium 201 SPECT study.

2. Methods

The study was conducted at the cardiology department of the main university
hospital of Alexandria. The protocol was approved by the main university hos-

pital, University of Alexandria, Egypt prior to study commencement.

2.1. Study Population

A total of 50 consecutive patients undergoing SPECT with pharmacological stress
(dipyridamole) at the nuclear cardiology Lab of the cardiology department of the
main university hospital of Alexandria were enrolled in the study. Interviews
were conducted at the time of SPECT to collect clinical information that in-
cluded main complaints of patients, smoking habits, dyslipidemia, history of
hypertension (history of BP > 140/90 mmHg with or without the use of the an-
tihypertensive drug), history of diabetes mellitus (insulin, oral hypoglycemic me-
dications), previous myocardial infarction, family history. Informed consent was
obtained from all the patients before enrollment in the study.

Patients with severe valvular heart disease or congestive heart failure (NHYA
class ITI/IV), history of CABG, and bronchial asthma, and pregnant women were

excluded from the study.

2.2. Dipyridamole Protocol

Dipyridamole was administered at 0.56 mg/kg intravenously over a period of
4-min with continuous monitoring using 12-lead ECG. Thallium-201 was in-
jected 2 min after the dipyridamole infusion. During 6 min of administration of
dipyridamole and thallium-201, at rest HR and blood pressure, were monitored
every min. If patients had severe chest pain or bronchospasm during the test,
sublingual nitrate was administered; if it remained unresponsive Aminophylline
(120 - 240 mg) was administered.
HR response is calculated as below:

HR response = HR at peak/HR at rest

(Peak HR = highest HR during monitoring)

An HR response lower than or equal to 1.20 was considered reduced HR re-
sponse. 5 Patients were instructed to abstain from smoking, caffeinated food,
and beverages, or methyl-xanthene products for 12 h before the test. Also, doses
of beta-blockers, calcium channel blockers, and nitrates were withheld for at
least 24 - 48 h before the study.
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2.3. SPECT Protocol

SPECT was performed using contrast—thallium 201 (T1-201). Patients were in-
jected with (3 - 3.5 ml Curi) of TI-201 after 2 minutes of finishing dipyridamole
infusion. Stress acquisition was started within 20 minutes after T1-201 injection.
The resting image acquisition was started 3 - 4 h after the stress acquisition with
reinjection of (1 - 1.5 ml Curi) of thallium 201. Imaging was started within 20
minutes of injecting T1-201. The American Society of Nuclear Cardiology guide-
lines were followed for image acquisition and processing. Standard filtered back
projection (Butterworth filter with a critical frequency of 4, order 5) was used to

reconstruct all the raw data acquired.

2.4.Imaging and Image Analysis

Images were analyzed using a previously validated automated program. The ex-
tent and severity of LV perfusion defect size and the extent of reversible (ische-
mia) or fixed (scar) resting hypoperfusion was determined. The resultant trans-
axial slices were reoriented perpendicular to the heart’s long axis to yield long
axis and short axis tomograms. No attenuation or scatter correction was used.
Non-gated SPECT images were used for the assessment of semi quantitative
myocardial perfusion in 20 segments. The assessment was performed according
to a five-point scoring system (0-normal; 1-slight reduction of uptake; 2-moderate
reduction; 3-severe reduction; 4-absent uptake). The summed scores-summed
stress score (SSS), summed rest scores (SRS), and summed difference score (SDS,
the difference between SSS and SRS) were derived automatically. Image analysis

was performed by a panel of two experts.

2.5. Statistical Analysis

The data were analyzed by multivariable logistic regression analysis. Data were
analyzed using IBM SPSS software package version 20.0. Qualitative data were
described using the number and percent. Quantitative data were described using
a range (minimum and maximum) mean, standard deviation, and median. A com-
parison between normal HRR and reduced HRR was tested using the Chi-square
test. The distributions of quantitative variables were tested for normality using
the Kolmogorov-Smirnov test, Shapiro-Wilk test and D’Agstino test, Histo-
gram, and QQ plot. If data were normally distributed, parametric tests were
applied. If the data were abnormally distributed, non-parametric tests were
used. For normally distributed data, a comparison between normal HRR and
reduced HRR was done using an independent t-test while abnormally distri-
buted data were assessed using the Mann-Whitney Test. The significance level

was at 5%.

3. Results and Discussion

Demographic data and the HR responses of the patients are presented in Table

1. Prevalence of hypertension, myocardial infarction history, dyslipidemia, and
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Table 1. Demographic data of the study population and HR responses.

Total Normal Reduced
population HRR HRR  Test of sig. p-value
(n =50) (n=22) (n=28)
Age (years):
Range (38-74) (38-65) (42 -74)
t=2.718* 0.009*
Mean 59.0 54.77 62.32
S.D. 10.36 11.54 8.09
Gender
Male 33 (66.0%) 12 (54.5%) 21(75.0%) x{=2297  0.130
Female 17 (34.0%) 10 (45.5%) 7 (25.0%)
Risk factors

Diabetes mellitus 24 (48.0%) 8(36.4%) 16(57%) y =5.541  0.019*

Hypertension 33 (66.0%) 15 (68.2%) 18 (64.3%) ;' =0.083  0.773
Dyslipidemia 26 (52.0%) 10 (45.5) 16(57.1%) ' =0.674  0.412
Smoking 21 (42.0%) 7 (31.8%) 14(50.0%) x=1.672 0.196
F/H of early CAD 12 (24.0%)  5(22.7%) 7(250%) ¢ =0.035  0.852

Previous MI 28 (56.0%) 11 (50.0%) 17 (60.7%) x =0.574  0.449

Symptoms

No chest pain 11 (22.0%) 4(18.2%) 7 (25.0%)

Atypical chest pain 22 (44.0%) 10 (45.5%) 12 (42.9%) =034 0842
Typical chest pain 17 (34.0%) 8 (36.4%) 9 (32.1%)
Significant 15(30.0%)  4(182%) 11(39.3%) ¢=2.613 0.106
ECG changes o o = T '

*Statistically significant.

diabetes mellitus was 66%, 56%, 52%, and 48%, respectively in the total patients
(Figure 1). P < 0.001 was considered statistically significant.

Of the 50 patients, normal HR response was observed in 22 patients (44%)
and reduced HR response was observed in 28 patients (56%). There was no dif-
ference observed in the reduced HR response group and normal HR response
group based on gender, family history, smoking, history of myocardial infarc-
tion, and Dyslipidemia. Also, there was no difference in the symptoms observed
between reduced HR response group and normal HR response group as the re-
duced HR response was asymptomatic. In the reduced HR response group, a
clinically significant number of patients with diabetes mellitus compared to the
normal HR response group [16 patients (57%) vs. 8 patients (36.4%); p = 0.019].

3.1. Clinical Symptoms

Eleven of the studied patients (22%) presented without chest pain, seven of them
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(25%) were with reduced heart rate response in comparison to around (18%)
with normal heart rate response, 22 of the studied patients (44%) presented with
atypical chest pain, 17 patients (34%) presented with typical chest pain. There
was no statistically significant difference was found by means of symptoms be-
tween the normal heart rate response and the reduced heart rate response groups,
however. The reduced HR response group tends to be more asymptomatic
(Table 1) (Figure 2).

BTotal population @Normal HRR @Reduced HRR

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Diabetes Hypertension Dyslipidemia Smoking F/H of early Previous MI
Mellitus CAD

Figure 1. Distribution of patients according to risk factors.

B No chest pain  MAtypical chest pain ¥ Typical chest pain

50% 44% 45 43%
45%
40% 34%
35%
30% 22%
25% 18%
20%
15%
10%
5%
0%

36%
32%

25%

Total populations Normal HRR Reduced HRR

Figure 2. Distribution of patients as per the presented clinical symptoms.

DOI: 10.4236/wjcd.2021.1111051 544 World Journal of Cardiovascular Diseases


https://doi.org/10.4236/wjcd.2021.1111051

A. Kamal et al.

3.2. ECG Changes

About 15 patients (30%) had significant ST-segment depression (11 patients had
reduced HR response) and no patient had ST-segment elevation (Table 1). How-
ever, there was no statistical significance difference in ECG changes between the

normal and reduced HR response groups.

3.3. Hemodynamic Parameters

The hemodynamic responses observed in the reduced HR response group and
the normal HR response groups are presented in Table 2. As per the experts’
semi-quantitative assessment, SSS, SRS, TPD, and severity of perfusion defect
were significantly higher in the reduced HR response group compared to the
normal HR response group, whereas there was no difference in SDS. SPECT pa-
rameters in the reduced HR response group and normal HR response group are
presented in Table 3. Patients with reduced HR had significantly higher reversi-
ble, fixed perfusion defects or both (Table 3). The SSS and SRS in the reduced
HR were 17.5 and 12.1, respectively compared to 6.5 and 3.1 of the normal HR
response group. Also, the mean of total perfusion defect in reduced HR response
(21.39%) was significantly higher compared to normal HR response (7.82%)
(Figure 3).

3.4. The Severity of the Perfusion Defect

Semi-quantitative visual interpretation of SPECT images was performed with
short axis and vertical long axis tomography divided into 17 segments (Figure
4). The consensus of two expert observers scored each segment using a 5-point
scale (58, 59) and categorized it into normal, mild, moderate & severe perfusion

defects (Table 3). Patients with reduced HR response showed a significantly more

Table 2. Hemodynamic response in normal HRR and RHRR groups.

Normal Reduced

Test of sig.  p-val
HRR (n=22) HRR(n=28)  Cctorsig p-value

Hemodynamic

Heart rate
a) Rest 75.05 + 14.69 79.43 +10.84 t=1.214 0.231
b) Stress 94.18 £ 16.52 85.39 + 11.78 t=1214 0.033*
c) Delta 13.86 +12.56 12.0 £7.57 t=0.650 0.519

Blood pressure

a) Rest systolic 144.55 £27.38  138.57 £25.49 t=0.796 0.430
b)Peak systolic 137.27 £24.53  133.93 + 24.55 t=0.478 0.635
a) Rest diastolic 82.95 +14.85 83.57 £11.93 t=0.163 0.871
b)Peak diastolic 80.45 + 15.58 84.64 +15.75 t=0.938 0.353
c)Delta 8.14+7.27 6.57 £ 6.35 t=0.812 0.421

*Statistically significant.
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Table 3. SPECT parameters in normal HRR and RHRR groups.

Normal

Reduced

Test of sig. -val
HRR (n=22) HRR(n=28)  ~o%8 p-value
Scoring scale
a) SSS 6.50 £ 5.98 17.50 £ 10.80 Z =106.50* <0.001*
b) SRS 3.14+4.0 12.18 £ 10.39 Z =115.0*% <0.001*
¢) SDS 3.23+4.24 4.96 + 4.66 Z =218.0* 0.075
d) TPD 7.82 +6.34 21.39 £ 14.18 Z =112.50* <0.001*
Distribution
a) LAD 6 (27.3%) 17 (60.7%) X =5.547* 0.019*
b) RCA 10 (45.5%) 14 (50.0%) Xz =0.102 0.749
¢c) LCX 4 (18.2%) 13 (46.4%) Xz =4.381* 0.036*
d) 2 vessels 5(22.7%) 11 (39.3%) Xz =1.552 0.213
e) 3 vessels 0 (0.0%) 2(7.1%) X =1637 FEp = 0.497
Severity
a) Normal 7 (31.8%) 0 (0.0%)
b) Mild 8 (36.4%) 8 (28.6%) 7 = 118.50*
<0.001*
c) Moderate 5(22.7%) 3 (10.7%)
d) Sever 2(9.1%) 17 (60.7%)
*Statistically significant.
160 - 44.55 = Normal HRR
138.6 137.27 133.93 uReduced HRR
140 4
?D 120 N
T
£ 100 1 83.95 83.57 84.45 84.64
5 80 4
2
5 60
3
S 40 -
=
5 8.1
20 A 6.57
g
%
= 0
Systolic | Diastolic Systolic | Diastolic
Rest Peak Delta

Figure 3. Blood pressure response in normal HR and reduced HR response groups.

tendency of the perfusion defect than patients with normal HR response.

Dipyridamole is an indirect vasodilator that prevents intracellular reuptake

and deamination of adenosine. It causes an increase in adenosine levels [1].
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70 1 ® Normal HRR
“ Reduced HRR 60.70

60 1

50 1

36.40

40 1

Percentage

30 1

20 1

10 1

Normal Mild Moderate Sever

Figure 4. SPECT parameters in normal HR and reduced HR group discussion.

Dipyridamole decreases coronary artery resistance through the A2a receptor.
The difference in coronary blood flow between normal and stenosed arteries is
captured in the myocardial perfusion imaging [2]. A1, A2b, and A3 receptor ac-
tivation consequently lead to reduced systolic and diastolic BP and elevated
HR. Dipyridamole produced peripheral vasodilatation is a result of A2b re-
ceptor activation causing the hemodynamic response [2] [3]. Recently, selec-
tive A2a agonists-adenosine and regadenoson, have been shown to directly sti-
mulate the sympathetic nervous system [1] [8] [9] [10].

In this study, the observed parameters of the severity of perfusion defect like
the average SSS,SRS, and stress TPD in the patients with reduced HR response
were significantly higher (17.5, 12.1, 21.39 respectively) compared to patients
with normal HR response (6.5, 3.1, 7.82 respectively). This shows that HR re-
sponse to dipyridamole is directly associated with the severity of perfusion de-
fect. The panel of two expert observers compared and interpreted the SPECT
images obtained in patients with reduced HR response with patients with nor-
mal HR response confirming the observation.

Although a few studies have investigated the relationship between the severi-
ty of perfusion defect and the reduced HR response, there is no dependable ex-
planation for the relationship yet. A plausible explanation could be that the as-
sociation might be directly or indirectly related to the severe involvement of the
sympathetic plexus of the heart because the SDS (ischemia) in the reduced HR
response group and normal HR response group showed no difference in the
analysis. The severity of the perfusion defect might reflect ventricular dysfunc-
tion.

The reduced HR response to vasodilators may be due to autonomic imbal-
ance. 8 - 10 Also, changes in regulatory G protein levels in patients with conges-
tive heart failure may affect HR response [2] [11].

In this study, we also studied the distribution of first-order branch vessels of
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the coronary arteries. We found that the involvement of LAD and LCX in pa-
tients with reduced heart rate response was significantly higher (60.7%, 46.4%,
respectively) than those in patients with normal heart rate response (27.3%, 18.2%,
respectively). However, no statistically significant difference was observed in the
RCA, two vessels, and three vessels coronary artery involvement between the
two groups.

Although our results are significant, the sensitivity, specificity, and accuracy of
SPECT MPI in our study for the detection of CAD in the distribution of first-order
branch vessels were intermediate (71%, 67% and 68% respectively). Therefore,
there is a need to correlate the obtained results with more accurate coronary ar-
tery distribution imaging modality like CMR and angiography. Though the sen-
sitivity, specificity, and accuracy of the imaging modality in intermediate in this
study, the observations indicate apparent contradictions requiring further inves-
tigation in a larger study.

In this study reduced HR response group had high rest HR, which is an inde-
pendent predictor of reduced HR response, and is also indicator of cardiac au-
tonomic neuropathy, reflecting preexisting dominance of sympathetic effect on
sinus node [12] [13]. This might be a plausible explanation for vasodilators’ mi-
nimal effect on heart rate. In addition, the highest HR in reduced HR response
group can be associated with the diseases (For example diabetes mellitus) caus-
ing cardiac autonomic dysfunction.

We also observed that the patients with normal heart rate response compara-
tively had a slightly higher baseline and lowest systolic BP and diastolic BP. Fur-
thermore, the mean blood pressure difference in patients with normal HR res-
ponses was higher compared to patients with reduced HR response although not
statistically significant.

Some researchers have investigated the implications of an abnormal BP re-
sponse to vasodilators [14]. Hatutale et al assessed changes in the HR and BP
during the dipyridamole stress and abnormal scan findings using gated techne-
tium-99m methoxy isobutylisonitrile MPI [15]. They demonstrated that the ab-
normal hemodynamic response-decreased HR response and abnormal systolic
BP response were significantly associated with low Left Ventricular Ejection
Factor (P = 0.012), abnormal myocardial perfusion imaging scan findings, and
SSS [15]. Recent studies indicate that increases in HR could be due to direct
adenosine-induced stimulation of sympathetic nervous system which may be
independent of the BP [10]. Whereas some studies observed that patients with
decreased systolic blood pressure more frequently had myocardial ischemia
compared to patients with normal or increased systolic blood pressure [14].

HR response (ratio of peak HR and baseline HR) < 1.20 was considered ab-
normal in this study as per the previously defined [5] [7]. The percentage of pa-
tients with reduced HR in this study (56%) was consistent with the observed in
the other studies like Mathur et al (64%) [7]. We recommend further studies in

a larger population to determine ideal cutoffs of HR response to vasodilators like
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dipyridamole.

Dipyridamole has been associated with adverse events like flush, headache,
hypotension, abdominal pain, diarrhea, dizziness, and chest pain [16] [17].
These adverse events result due to peripheral vasodilation, hypotension, and
mainly due to the stimulation of adenosine receptors and signal pathways [18].
This study did not focus on the adverse events that occurred in the patients.
The most common adverse events observed were flush, chest pain, and hypo-
tension.

There were some limitations in this study including not using the cardiovascu-
lar autonomy tests and comorbidities in our patients. The autonomy test would
have revealed cardiac autonomic dysfunction. Cardiovascular autonomy tests are
rarely performed in regular clinical practice but it would have helped in better un-
derstanding the abnormal HR response. The percentage of co-morbidities in our
patient group was higher (For example diabetes & hypertension). Most of these
patients were referred to our clinic for the stress test. Fasting plasma glucose
concentrations and fasting lipid profiles were not available. Also, information
about diabetes and dyslipidemia was gathered by questionnaire.

In conclusion, the reduced HR response to the dipyridamole stress test is an
independent predictor of the severity of perfusion defect (reversible defects,
fixed or both), SSS, SRS, and TPD. The Reduce HR response might be due to
cardiac autonomic neuropathy, which needs to be further investigated in a large

sample size using cardiovascular autonomy tests.
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