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Abstract
Purpose  To investigate if (i) the risk of ischemia on myocardial perfusion scan (MPS), (ii) number of coronary angiographies 
(CAG) performed, and (iii) necessity for invasive (stent implantation or coronary artery bypass grafting (CABG)) or medical 
treatment increased in patients infected with COVID-19.
Methods  Patients who were referred to MPS between August 2020 and April 2021 with a history of active symptomatic 
COVID-19 infection (confirmed by PCR positivity) in the last 6 months were involved in the study group. Age-and gender-
matched control group was composed of randomly chosen patients who attended for MPS between January 2019 and Septem-
ber 2019, before pandemic. Frequency of ischemia, CAG, and invasive or medical treatments were compared between groups.
Results  Ischemia was reported more frequently in the study group (p < 0.001). In clinical evaluation, regardless of the MPS 
results, the necessity for invasive evaluation with CAG and treatment (either medical therapy or invasive interventions) was 
higher in the study group (p = 0.006 and p = 0.015). It was also true for patients with abnormal MPS results (p = 0.008 and 
p = 0.024) but not for the patients with ischemia (p = 0.29 and p = 0.06).
Conclusion  There exists a significant increase in the frequency of ischemia on MPS, undergoing CAG, stent implantation 
or CABG, and initiation of medical therapy in patients with a history of COVID-19 infection in the last 6 months. MPS is a 
reliable method in patients who present with cardiovascular symptoms in the late COVID period.
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Introduction

COVID-19 has affected healthcare systems and changed par-
adigms in the whole world in the last 1 year. Different from 
other upper respiratory tract viruses, COVID-19 appears to 
act on many systems in the body, inducing the inflamma-
tory cascade and thrombotic process. It has been reported 
that risk of cardiac events has increased after COVID-19 
infection [1]. Sudden cardiac death is also reported among 
young patients, which is soon related with late thrombotic 
complications. Researchers have demonstrated that there 
was a significant increase in hospital admission rates due to 
acute myocardial infarction in the late phase of the first wave 
of the pandemic, compared to rates before pandemic [2].

Myocardial perfusion scan is the fundamental functional 
imaging method in evaluation of ischemia and coronary risk 
assessment. During the pandemic, there have been several 
reports demonstrating the steep decline in the number of 
myocardial perfusion studies performed in nuclear medicine 
departments [3]. However, its use in patients infected with 
COVID-19 has not been presented yet.

In this study, we investigated if (i) the risk of ischemia 
on MPS, (ii) number of coronary angiographies performed, 
and (iii) necessity for invasive (stent implantation or coro-
nary artery bypass grafting (CABG)) or medical treatment 
increased in patients infected with COVID-19.

Materials‑methods

Patients

Following ethics committee approval (2021/117) for this 
retrospectively designed study, patients who were referred 
to the nuclear medicine department between August 2020 
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and April 2021 with a history of active symptomatic 
COVID-19 infection in 6 last months were involved in 
the study group. Age- and gender-matched control group 
was composed of randomly chosen patients without his-
tory of COVID-19 history who attended for MPS between 
January 2019 and September 2019, before pandemic. Age, 
gender, risk factors for coronary artery disease (hyper-
tension, diabetes mellitus, hyperlipidemia, family history 
for coronary artery disease, obesity), as well as the active 
symptoms the patients were investigated for were noted 
in both groups. The history of coronary stent or CABG 
was also recorded from the hospital registry. Myocardial 
perfusion SPECT results were categorized in the groups 
as either normal or abnormal. Abnormal results were then 
regrouped as (i) ischemia either together with infarct or 
not and (ii) infarct only.

Myocardial perfusion SPECT

Myocardial perfusion gated-SPECT study was performed 
by physical or pharmacological stress tests, following rec-
ommendations of the European Association of Nuclear 
Medicine [4]. During pandemic, additional precautions 
were taken in the nuclear cardiology facility in order to 
protect both patients and the staff according to previously 
published statements. Pharmacological stress test was pre-
ferred over exercise stress testing due to higher droplet 
exposure risk in exercise test. However, regadenoson is 
not available, and adenosine is the only choice. Consider-
ing the side effects of adenosine, change in ordered stress 
protocol was made cautiously, and pharmacological stress 
could be performed only to patients who were undoubtedly 
eligible for adenosine stress. In conditions where exercise 
testing was determined to be necessary, higher-level PPE, 
face shield, and gloves were used by the staff and surgical 
mask or face covering by the patients. Extra time was also 
allowed in order to clean the room [5].

Stress-rest 2-day protocol was followed. 350–700 MBq 
Tc-99 m methoxyisobutylisonitrate (MIBI) was intrave-
nously administered on 2 following days, both for stress 
and rest imaging.

Stress protocols

For pharmacological stress test, intravenous adenosine was 
used. 140 µg/kg/min adenosine was infused over 6 min. 
Bolus radiopharmaceutical injection was performed on 
3rd minute of infusion. For treadmill exercise stress test, 
Bruce protocol was followed. Radiopharmaceutical injec-
tion was performed at at least 85% of age-adjusted maxi-
mum predicted heart rate.

Imaging protocol

Dual head gamma camera equipped with low energy-high 
resolution collimator (DDD CorCam, Horsholm, Denmark) 
was used. Stress SPECT images were obtained 45 min after 
radiopharmaceutical injection. Stress SPECT images were 
acquired over 180° angular sample range, 20 s/rotation, and a 
total of 64 views from right anterior oblique to left posterior 
oblique position with detectors positioned at 90° angle, with 
a non-circular orbit. Rest gated-SPECT study was performed 
60 min later than the radiopharmaceutical administration with 
the same parameters of acquisition. 8-frame gating was used. 
A beat length acceptance window of 20% was set. Data were 
recorded in 64 × 64 matrix.

Image interpretation

Areas of diminished perfusion were analysed with a soft-
ware programme (Corridor4DM) visually and quantitatively. 
Left ventricular ejection fraction (LVEF) and wall motion 
were examined from gated images. An even distribution of 
Tc-99 m MIBI in the left ventricle together with a normal 
LVEF and wall motion is considered normal. An abnormal 
MPS was defined as existence of abnormal stress perfusion 
either resolved (ischemia) or remained constant (infarct) in rest 
images. Abnormal LVEF and/or wall motion was also inter-
preted as an abnormal scan [4].

Statistics

Descriptive statistics were presented as mean ± standard devia-
tion for continuous variables and percentage for categorical 
variables. Categorical variables were expressed as frequen-
cies (percentage) and compared using the Pearson chi-square 
test. Student’s t-test was performed to compare means and 
chi-square test for comparison of categorical variables. P val-
ues < 0.05 were considered significant. SPSS version 25 was 
used for statistical analysis.

Results

A total of 179 patients (84F, 95 M, mean age 58.28 ± 9.28) 
were involved retrospectively. Eighty-five patients 
were included in the study group and 94 in the control 
group. Mean interval between COVID-19 PCR positiv-
ity and MPS was 90.26 ± 47.08 days (min, 16 days; max, 
180 days). Adenosine and exercise stress was performed 
in 59 (69.4%) and 26 (30.5%) in the study group and in 
61 (64.8%) and 33 (35.1%) patients in the control group, 
respectively (p = 0.52). The study and control groups were 
matched in terms of age and sex. No significant differences 
were found in the frequency of risk factors and previous 
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coronary interventions or operations for coronary artery 
disease between two groups (Table 1).

In the analysis of the dominant symptom for referral to 
MPS, dispnea was apparently more common among the 
patients in the study group compared to the control group 
(p < 0.001), but the frequency of chest pain did not differ 
among the groups (p = 0.28) (Table 1). Myocardial perfu-
sion scan was abnormal in 85 patients (45.5%). Ischemia 
was reported more frequently among patients with a history 
of COVID-19 infection (p < 0.001) (Table 2).

When it comes to clinical evaluation, regardless of the 
MPS results, the necessity for invasive evaluation with 

coronary angiography and treatment (either medical ther-
apy or invasive interventions, that is, stent implantation 
or CABG) was higher in the study group (p = 0.006 and 
p = 0.015, respectively). The same was true for patients with 
abnormal MPS results (p = 0.008 and p = 0.024) but not for 
the patients with MPS result ischemia (p = 0.29 and p = 0.06, 
respectively) (Table 3).

Among 39 patients with ischemia on MPS in the study 
group, 11 patients were taken under follow-up without coro-
nary angiography, and medical therapy was started. Five 
patients refused coronary angiography, and 23 patients were 
evaluated with coronary angiography. Stent implantation 
was performed in 2/23 patients and CABG in 1 patient, and 
in 20/23 patients, medical therapy was preferred due to non-
critical stenosis in the coronaries. One of the patients with 
stent implantation had no previous history of coronary artery 
disease or any risk factors.

Discussion

COVID-19 has appeared as a game changer in the world, 
affecting millions of people with a wide range of symptoms, 
as well as late complications, some of which are surprisingly 
frequent and life-threatening. Acute cardiac and vascular 
involvement in COVID-19 infection was reported in mostly 
hospitalized cases: myocarditis, acute coronary syndrome, 
pulmonary thromboembolism, cerebrovascular events, etc. 
Although acute coronary syndrome was relatively rare at 
initial presentation or during hospitalization, it could even 
affect patients with no obstructive coronary disease [6]. 
Endothelial dysfunction, progression of atheromatous plaque 
formation, emotional factors or hypoxia causing autonomous 
dysfunction, increased sympathetic vasomotor tonus, and 
diminished hemodynamics along with instability of the 
plaques caused by systemic inflammation were the patho-
physiological mechanisms explained so far [7–9].

“Long-COVID” is the term referring to the clinical situa-
tion where signs or symptoms of acute COVID-19 have pro-
longed or new signs or symptoms developed over 12 weeks 
[10]. Chest pain was also defined as a possible component 

Table 1   Demographics and clinical characteristics of patients in the 
study and control groups

Study group Control group P value
Mean ± SD Mean ± SD

Age 58.13 ± 9.07 58.43 ± 9.42 0.98
n (%) n (%)

Male gender 43 (50.5) 52 (55.3) 0.55
Hypertension 59 (69.4) 54 (57.4) 0.07
Diabetes 33 (38.8) 36 (38.2) 0.53
Hyperlipidemia 42 (49.4) 43 (45.7) 0.37
Prior history of CABG 9 (9.5) 3 (3.5) 0.09
Prior history of stent 27 (28.7) 15 (17.6) 0.06
Family history 40 (47) 52 (57.1 0.23
Smoking 35 (41.1) 48 (52.1) 0.30
Obesity 32 (37.6) 40 (42.5) 0.27
Chest pain 48 (56.4) 48 (51) 0.28
Dispnea 35 (41.1) 13 (13.8)  < 0.001

Table 2   Distribution of frequencies of myocardial perfusion scintig-
raphy results among the study and control groups

Study group
n (%)

Control group
n (%)

P value

Abnormal MPS 46 (48.9) 39 (54.1) 0.09
İschemia 39 (45.8) 19 (20.2)  < 0.001

Table 3   Follow-up results in control and study groups according to MPS results

Study group
n (%)

Control group
n (%)

P value

Any MPS result Necessity for CAG​ 33 (38.8) 19 (20.2) 0.006
Treatment (medical, stent implantation, or CABG) 30 (35.2) 18 (19.1) 0.015

Abnormal MPS result Necessity for CAG​ 32 (69.5) 16 (41.0) 0.008
Treatment (medical, stent implantation, or CABG) 29 (63.0) 15 (38.4) 0.024

Ischemia on MPS Necessity for CAG after ischemia on MPS 23 (58.9) 11 (57.8) 0.29
Treatment (medical, stent implantation, or CABG) 27 (58.6) 15 (38.4) 0.06
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of “Long COVID”, and many imaging studies have demon-
strated that myocardial involvement existed in symptomatic 
patients in the late period [11–17].

Except from direct myocardial involvement, late coro-
nary vascular events have also been demonstrated recently. 
A young female case has attended to hospital with chest 
pain 1 month later than recovery from severe respiratory 
syndrome caused by COVID-19. She had no previous his-
tory of cardiac disease or any known risk factors. Authors 
advocated that, as proven with adenosine stress cardiac myo-
cardial MRI in this case, coronary microvascular ischae-
mia may have been the mechanism of persistent chest pain 
after recovery from COVID-19 [18]. Another case report 
presented a similar scenario on a young male patient, with 
gradually progressive dispnea on exercise. He was then diag-
nosed with acute cardiac failure due to nonobstructive coro-
nary artery disease presenting with extensive myocardial 
infarction [19]. In our study, the indication of MPS was most 
commonly dispnea, but not chest pain. This finding actually 
points a gap in the literature. Dispnea may exist as a compo-
nent of Long COVID in up to 40% of cases [20]. However, 
its relation to coronary vascular involvement is still unclear.

Myocardial perfusion scintigraphy is the most frequently 
used functional imaging tool for assessing obstructive coro-
nary artery disease risk. There exists a small amount of arti-
cles studying myocardial perfusion scintigraphy in COVID-
19 patients.

Hasnie et al. have performed stress testing and myocar-
dial perfusion imaging in 15 patients after recovery from 
COVID-19 and stated that both regadenoson and exercise 
stress tests were safe and stress myocardial perfusion scan 
can be used reliably in evaluation of ischemic heart disease 
after COVID-19 infection [21].

Hasnie et al. and Nappi et al. have hypothesized that the 
percentage of abnormal myocardial perfusion images would 
increase in the pandemic period, because those who have 
mild symptoms and a probably normal SPECT MPI would 
delay their examinations. However, no such significant 
increase was observed [3, 22].

The aim of this study was different than these previous 
reports; we focused only on patients with COVID-19 history 
and documented the increase in the incidence of ischemia 
demonstrable by MPS, compared to non-infected cohort. 
Although stent implantation was performed only in 2/39 
and CABG in 1/39 patients, ischemia was evident on myo-
cardial perfusion scan in these patients. Keeping all other 
risk factors constant among the study and control group, 
COVID-19 has appeared as the possible reason for this dif-
ference in the frequency of ischemia between the study and 
the control group. Demonstration of ischemia reflects the 
functional changes in myocardial blood flow with stress, 
which supports the reported clinical cases and previously 
suggested possible pathophysiological mechanisms affecting 

myocardial blood flow after COVID-19 infection [6]. One 
patient with no previous history of coronary artery disease 
or any mentioned risk factors who come up with ischemia on 
MPS after recovery from COVID-19 is also meaningful con-
sidering the case reports mentioned above. The frequency 
of obstructive coronary disease indicating coronary inter-
ventions could be expected to be higher after COVID-19, 
concerning these microvascular endothelial changes, but it 
was found similar to the control group. Incidence of hos-
pital admissions with acute MI was reported to be higher 
than the pre-pandemic period, but incidence of ischemia 
was not studied before [2]. Our results suggest that together 
with acute coronary syndromes, as a reflection of coronary 
dysfunction after recovery from COVID-19, ischemia on 
myocardial perfusion scan induced by stress testing is also 
more frequent compared to non-infected matched group of 
patients.

In clinical practice, MPS results guide patient evaluation 
by determining coronary artery risk. In our study, the num-
ber of coronary angiographies performed was higher in the 
study group. Initiation of medical therapy or invasive revas-
cularisation therapies (stent implantation or CABG) were 
also higher in patients after recovery from COVID-19. We 
believe that this finding deserves attention as there are no 
similar results reported before, keeping in mind that obvi-
ously we are still lacking of evidence to talk about a direct 
causal relationship between symptomatic COVID-19 infec-
tion and coronary artery disease. The reason why we could 
not demonstrate such an increase in patients with ischemia 
(a statistically nonsignificant increase in frequency of initia-
tion of treatment still exists, with a p = 0.06, Table 3), but 
generally in the whole study group regardless of the MPS 
results, may be the five patients in the ischemia group who 
did not accept to undergo CAG. Invasive evaluation regard-
ing an abnormal MPS result other than ischemia may seem 
unnecessary anyway, but presence of any apparent perfusion 
defect, especially if developed recently, is probably a sign 
of relative functional disturbance in perfusion. If clinical 
risk factors are also worrisome, perfusion defects other than 
ischemia may also necessitate invasive evaluation, in order 
not to miss a pathology.

The main limitation of this study was its retrospective 
design. Loss of patient data and follow-up results led to 
a relative decrease in the number of subjects included. In 
order to reach a definite conclusion that COVID-19 is a 
cause or promoter for coronary artery disease, all patients 
should have been evaluated with CAG. Because this could 
not be maintained in a retrospective analysis, further pro-
spective studies are necessary to confirm above mentioned 
results. Another thing is that COVID-19 is still a matter of 
debate with multiple unexplained issues in clinical practice. 
Together with vaccines and treatment methods, diagnosis 
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and imaging remain an important area of clinical investiga-
tion to better understand and make provisions against late 
complications.

Conclusion

There is a significant increase in the frequency of ischemia 
on MPS in patients with a history of COVID-19 infection in 
the last 6 months. Frequency of undergoing coronary angi-
ography, stent implantation or CABG, and initiation of med-
ical therapy is also increased. MPS is a reliable method to 
investigate ischemia and guide management in patients who 
present with cardiovascular symptoms in the late COVID 
period.
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