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SPECT myocardial perfusion imaging identifies myocardial ischemia
in patients with a history of COVID-19 without coronary artery disease
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Abstract

We aimed to examine the effect of a history of COVID-19 on myocardial ischemia in single-photon emission computed
tomography (SPECT) myocardial perfusion imaging (MPI) in patients who presented with shortness of breath and/or chest
pain after recovery. For this single-center retrospective study, patients who presented at cardiology outpatient clinics and had
SPECT-MPI were screened. A total of 1888 patients were included in the study, 340 of whom had a history of COVID-19.
64 patients with > 50% stenosis on coronary angiography were excluded from the study. The primary outcome of the study
was abnormal MPI. In the study population, the median age was 56 (49-64 IQR) years, and 1127 (65%) of the patients were
female. Abnormal MPI was detected in 77 patients (23%) in the COVID-19 group and in 244 patients (16%) in the non—
COVID-19 group. After adjustment was performed for clinical predictors using Bayesian logistic regression, an important
association was found between the presence of a confirmed prior COVID-19 infection and abnormal MPI (posterior median
odds ratio, 1.70 [95% CrI, 1.20-2.40], risk difference, 9.6% [95% Cr1, 1.8%, 19.7%]). In SPECT-MPI, ischemia rates were
observed to be higher in COVID-19 group and it was found that a confirmed prior COVID-19 might predict of abnormal MPI.
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Introduction continues to be an important cause of mortality and mor-

bidity. Respiratory failure is the primary cause of death in

Although nearly two years have passed since the beginning
of the Coronavirus disease 2019 (COVID-19) pandemic,
and vaccines are widely used around the world, COVID-19
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COVID-19 patients, but cardiovascular complications such
as acute myocardial infarction (AMI), myocardial injury,
fulminant myocarditis, arrhythmias, and thrombotic events
may contribute to these patients’ morbidity and mortality
[1]. In addition to such complications occurring in symp-
tomatic patients, findings of cardiac involvement have also
been observed in asymptomatic or mildly symptomatic
cases [2, 3]. Symptoms such as chest pain, shortness of
breath, and fatigue may occur in patients after recovery,
along with symptoms occurring during the active period of
the disease. Post-acute COVID-19 syndrome is defined as
persistent symptoms and/or delayed or long-term complica-
tions exceeding four weeks from the onset of symptoms [4].
In a study by Carfi et al., 43% of patients had shortness of
breath and 21% had chest pain at an average follow-up of 60
days from hospital discharge [5]. Chest pain was reported
in 5% of patients in a Chinese post-acute COVID-19 study
with a follow-up of 6 months [6]. In a study conducted by
Agustin et al., in which COVID-19 patients who were not
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hospitalized were evaluated, it was determined that 8.7%
of the patients had shortness of breath at their four-month
follow-up [7].

It is understood that COVID-19 may cause coronary
microvascular dysfunction (CMD) for reasons including
an imbalance in the renin—angiotensin—aldosterone system
(RAAS), endothelial damage, and microthrombi [8]. In a
study performed with stress cardiac magnetic resonance
(CMR) imaging in patients with exertional dyspnea and
fatigue symptoms after recovery from COVID-19, a decrease
in coronary myocardial perfusion reserve was observed [9].
Again, in a 42-year-old patient, coronary computed tomog-
raphy angiography (CCTA) performed due to persistent
exertional angina after COVID-19 infection was observed
to be normal. Stress CMR examination of the same patient
revealed subendocardial ischemia, which was thought to
be due to CMD that disappeared during rest [10]. There is
insufficient data on the effect of COVID-19 on myocardial
ischemia in myocardial perfusion scintigraphy. We observed
that patients who applied to cardiology outpatient clinics
with chest pain and shortness of breath after recovery from
COVID-19 were numerous, and single-photon emission
computed tomography (SPECT) myocardial perfusion imag-
ing (MPI) was undertaken to investigate ischemia in these
patients. In this study, we aimed to examine the relation of
a history of COVID-19 with ischemia using SPECT-MPI in
patients who presented at cardiology outpatient clinics with
chest pain and/or shortness of breath after recovery.

Methods

For this single-center retrospective study, patients who
applied to the cardiology outpatient clinics of our hospital
between January 1 and June 30, 2021, with chest pain and/
or shortness of breath and who had undergone SPECT-MPI
were screened. Patients with a history of coronary revas-
cularization (surgery or percutaneous intervention), AMI,
prior critical coronary stenosis with/without revasculariza-
tion, known heart failure, severe valvular disease such as
aortic stenosis, and hypertrophic cardiomyopathy, as well as
patients who could not perform optimal MPI, were excluded
from the study. After these exclusion criteria were applied,
patients who had no known history of cardiac disease and
had scarring or both scarring and ischemia (n = 21) in
SPECT-MPI (newly developed due to MI or myocarditis,
etc.) were excluded from the study because the purpose of
the study was examining ischemia in SPECT-MPI. Approxi-
mately 2920 patients were screened, and after all exclusion
criteria were applied, 1888 patients, 340 of whom had a
history of COVID-19 infection, were included in the study.
A confirmed prior COVID-19 infection was defined as a
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history of real-time reverse transcriptase polymerase chain
reaction test positivity for COVID-19.

The demographic, laboratory parameters, comorbidi-
ties, angiographic results, and medications of the patients
were collected from the electronic medical records of the
hospital and the national electronic medical record system.
Patients who underwent coronary angiography (CAG) and
patients with critical coronary stenosis were identified. Ste-
nosis greater than 50% in any coronary artery was defined
as critical stenosis. Left ventricular ejection fraction (%)
was measured by the biplane Simpson method, Teichholz
method, or visual assessment.

This study was approved by the local institutional ethics
committee. The study protocol conformed to the Declaration
of Helsinki.

Myocardial perfusion imaging

A two-day stress/rest imaging protocol applying Techne-
tium 99-m methoxy-isobutyronitrile (Tc99m MIBI) was
conducted to assess myocardial perfusion. Pharmacological
stress was preferred for stress imaging due to the COVID-19
pandemic. We applied adenosine (140 pg/kg/min for 6 min)
infusion as a radiopharmaceutical agent, as recommended by
the European Association of Nuclear Medicine [11]. Imag-
ing commenced 30 to 45 min after a 600-900 MBq Tc-99 m
MIBI infusion. A similar dose for resting imaging was given
whenever any suspected perfusion defects were detected in
the stress images.

Imaging protocol for SPECT

All images were taken over a 180° angle orbit from the right
anterior oblique, a 45° angle to the left posterior oblique,
and a 45° angle using a dual-head y-camera (General Elec-
tric Optima NM/CT 640, GE Healthcare, Wauwatosa, W1,
USA). The images were provided with a 64 X 64 matrix,
ultra-high-resolution collimator, and an elliptic orbit with
step and shoot acquisition at 3° interims over 180° angle, 60
projections, and 9—13 s per projection, applying a 20% power
window focused on the 140 keV photopeak of Tc-99 m.
The patients were in the supine position during imaging.
Image sets acquired by SPECT analysis were reproduced
on a dedicated workstation (Xeleris, GE Healthcare, Haifa,
Israel) utilizing WBR and Evolution for Cardiac approved
company relative risk and noise attenuation parameters,
with and without computed tomography (CT) based AC (12
iterations and 10 subsets). A single low-dose chest CT scan
(100 keV; 1.0 mA; 0.2-0.3 mS) was conducted to achieve
attenuation maps that could be automatically implemented
by the processing software to improve the emission data at
the end of each acquisition. The MPI dataset was thoroughly
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rematched with the CT attenuation map to generate the
attenuation-edited images.

Imaging interpretation

The scores that included both the scope and severity of per-
fusion defects utilizing standard segmentation of 17 myocar-
dial zones were calculated using an automatic software pro-
gram (e-soft, 2.5, QGS/QPS, Cedars-Sinai Medical Center,
Los Angeles, CA, USA) [12]. The sum of scores from the
17 segments of the stress images was represented as the
summed stress score (SSS), which described the total abnor-
mal myocardium. An SSS > 3 was accepted as abnormal
MPI for ischemia. Total perfusion defect (TPD), indicating
a compound of both the severity and scope of the myocardial
defect, was also assessed and classified by the presence of >
10% abnormal myocardium [13]. Two experienced readers,
blinded to all clinical patient information, interpreted the
MPI used in the present study. A filling defect consistent
with ischemia in the anterior wall of the SPECT/CT MPI of
a patient with a history of COVID-19 and no critical stenosis
on the coronary angiogram is shown in Fig. 1.

Statistics

Continuous variables were presented as mean + standard
deviation. Categorical variables were presented as counts

and percentages. The primary outcome of the study was
abnormal MPI. A history of COVID-19 was identified as
the main exposure. Age, gender, diabetes mellitus (DM)
status, presence of hypertension (HT), smoking status,
creatinine levels, hemoglobin levels, low-density lipo-
protein cholesterol (LDL) levels, high-density lipoprotein
cholesterol (HDL) levels, and C-reactive protein (CRP)
levels were chosen as adjustment variables to quantify the
relationship between a history of COVID-19 and abnormal
MPI. To quantify the association between abnormal MPI
and a history of COVID-19, we used Bayesian multivari-
able logistic regression. The model was fit using a Markov
chain Monte Carlo (MCMC) method with four chains,
2000 iterations, and a burn-in of 1000 samples. This was
done for each one, drawing iteratively from the posterior
distribution and allowing for the calculation of odds ratios
(OR) with 95% credible intervals (Crl). The median pos-
terior odds ratio and 95% Crl were presented. An OR >
1 indicated that a history of COVID-19 was associated
with any increased risk of abnormal MPI. An OR > 1.3
indicated that a history of COVID-19 was associated with
a moderately increased risk of abnormal MPI. We also
found the posterior probability of the increased risk of
abnormal MPI (Pr [OR > 1]) and the moderately increased
risk of abnormal MPI (Pr [OR > 1.3]) in the presence of
a history of COVID-19. Here, we categorized the prior
results of Student’s t-tests as weakly informative (df =7,

Fig.1 Stress and rest short-axis, vertical long-axis, and horizon-
tal long-axis images (A) and polar plot images (B) in the MPI of a
female patient with a history of COVID-19 show a reversible filling

defect (arrows) in the anterior wall consistent with ischemia. Coro-
nary artery stenosis was not observed in the patient’s coronary angi-
ography (C)
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m = 0, s = 2.5), moderately skeptical (df =7, m =0, s =
0.25), moderately optimistic (df =7, m = 0.25, s =0.15),
and moderately pessimistic (df =7, m = —0.25,s = 0.15)
both for the regression coefficients and the intercepts. In
the analysis using different priors, since the data was the
same, a heterogeneity to be detected in the meta-analysis
will show the effect of the priors on the results. In the
meta-analysis, a moderate skeptical prior [N (0, 0.355)],
for the overall pooled effect, DuMouchel prior [(P(t) =
sO / (sO + tau)2), where SO is the harmonic mean of the
standard errors] for heterogeneity (tau) was used. Finally,
we tested the association between time from COVID-19
and MPI and SSS using Bayesian linear regression. Age,
gender, DM, HT, smoking, creatinine, hemoglobin, LDL,
HDL, and CRP were chosen as adjustment variables. Here,
we used weakly informative prior for regression the coef-
ficients (0, 5) and intercepts (0.10). The median posterior
regression coefficient (Beta) and 95% Crl were presented.
A Beta > 0 indicated that the time from COVID-19 to MPI
was associated with the SSS. We also presented the poste-
rior probability of Beta > 0. All statistical analyses were
performed using “rstanarm,” “bayesmeta,” and “ggplot2”
packages with R studio version 3.6.3 (R Project, Vienna,
Austria).

Non-COVID-19 Normal MPI
group (n=1548) (n=1503)
1500
>
S 1000
El
g
w
500
0
Confirmed prior Abnormal MPI
COVID-19(n=340) (n=385)

Results

A total of 1,888 patients who applied to the cardiology out-
patient clinic and requested MPI between January 1 and June
30, 2021, were included in the study. In the study population,
the median age was 56 (49-64 IQR) years, and 65% (n =
1227) of participants were female. There were 340 (18%)
patients with a history of COVID-19. All of these patients
were symptomatic in the acute period of COVID-19. Thorax
computerized tomography was performed in 206 patients,
and pneumonia was detected in 127 of these patients. Again,
it was determined that 36 patients were hospitalized. The
time from COVID-19 to MPI was 150 days (82.5-206.5
IQR). While 26% (n = 88) of the 340 patients with a his-
tory of COVID-19 had abnormal MPI for ischemia findings
(n:46, TPD > 10%), CAG was performed in 64 of these
patients, and coronary stenosis was detected in > 50% of
11 patients. While 19% (n = 297) of 1,548 patients with-
out a history of COVID-19 had abnormal MPI for ischemia
findings (n:122 TPD > 10%), 192 of these patients under-
went CAG angiography and 53 had > 50% coronary steno-
sis (Fig. 2). To evaluate the study’s hypothesis (myocardial
ischemia in non-obstructive coronaries) more precisely, 64
patients with > 50% stenosis in CAG, 11 of whom were

Ischemia <10% Coronary stenosis

(n=217) <50%(n=256)
Ischemia 210% Coronary stenosis
(n=168) >50%(n=64)

Fig.2 Stratification of the study population according to the history of COVID-19, abnormal MPI, ischemia burden > 10%, and coronary steno-

sis > %50 in coronary angiography in alluvial plot
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COVID-19 and 53 were non-COVID-19, were excluded. The
table below summarizes the baseline demographic, clinical,
and laboratory characteristics of patients with a history of
COVID (n = 329) and without (n = 1495; Table 1).
Abnormal MPI findings were detected in 77 patients
(23%) in the group with a history of COVID-19 and in 244
patients (16%) in the group without a history of COVID-19.
After adjustment for age, gender, DM, HT, smoking, cre-
atinine, hemoglobin, LDL, HDL, and CRP using Bayesian

logistic regression, an important association was found
between the presence of a history of COVID-19 and abnor-
mal MPI findings (Table 2). When a weakly informative
prior was used, the posterior median odds ratio was 1.70
(95% CrI, 1.20-2.40), and the estimated risk difference was
9.6% (95% Crl, 1.8%, 19.7%). There was a 99.9% probability
that the OR was greater than 1 (this indicated any increase in
the risk of abnormal MPI) and a 93.4% probability that the
OR was greater than 1.3 (this indicated a moderate increase

Table 1 Baseline clinical and
laboratory characteristics of

Group A: confirmed ~ Group B: non- Posterior probability of

) : prior COVID-19 COVID-19 difference® (A—B)>0

patlgnts according to COVID- n=329 n=1495

19 history
Sex (female), n (%) 220 (67%) 979 (65%) 0.679
Age (years) 55.8+10.4 56.1+11.5 0.309
Diabetes mellitus n (%) 84 (26%) 329 (22%) 0.916
Hypertension n (%) 160 (49%) 756 (51%) 0.270
Smoking n (%) 75 (23%) 317 21%) 0.778
Hyperlipidemia, n (%) 81 (25.6%) 402 (27.3%) 0.146
Chronic pulmonary disease, n (%) 43 (13.1%) 156 (10.4%) 0.918
Cerebrovascular disease, n (%) 6 (1.8) 42 (2.8) 0.136
Symptom (main symptom)

Chest pain, n (%) 182 (55.3%) 1238 (82.8%)

Dyspnea, n (%) 147 (44.7%) 257 (17.2%) >0.999
LVEF % 60.3+3.2 59.9+2.5 0.996
Creatinine 0.82+0.43 0.81+0.54 0.624
White blood cell count, 103/pL 8.0+1.96 83+23 0.014
Hemoglobin g/dL 13.8+1.7 13.7+1.7 0.901
Platelet, 103/pL 268 +73 27572 0.071
LDL-cholesterol, mg/dL 116 +35 112+33 0.949
HDL -cholesterol, mg/dL 47.5+12.5 46.5+11.8 0.889
Triglyceride, mg/dL. 191114 174112 0.986
C-reactive protein, mg/dL 4.6+49 434452 0.786
Summed Stress Score 1.74+3.09 1.06 £2.31 >0.999
Abnormal MPI, n (%) 77 (23%) 244 (16%) 0.999
Total perfusion defect > 10% 37 (11%) 97 (6.0%) 0.997
Medications

ACEI/ARB, n (%) 144 (43.8) 670 (44.9)

Beta-blocker, n (%) 125 (38.1) 580 (38.8)

Nitrate, n (%) 5(1.5) 22 (1.5)

Ranolazine, n (%) 2 (0.6) 13 (0.9)

CCB, n (%) 86 (26.1) 368 (24.6)

Trimetazidine, n (%) 11(3.4) 51 (3.4)

Lipid lowering agents, n (%) 57 (17.3) 294 (19.7)

Antiplatelets, n (%) 155 (47.1) 555 (37.2)

Oral antidiabetics, n (%) 80 (24.5) 318 (21.3)

Insulin, n (%) 29 (8.8) 86 (5.8)

CCB calcium channel blocker; ACEI/ARB angiotensin converting enzyme inhibitor/angiotensin receptor
blocker; LDL low-density lipoprotein; HDL high-density lipoprotein; LVEF % left ventricular ejection frac-

tion

“Posterior probability of difference between proportions and means were used for categorical and continu-
ous variables, respectively (posterior probability shown between 0 and 1)
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Table 2 Evaluation of the
relationship between the
confirmed prior COVID-19 and
abnormal MPI with Bayesian

Variables

Posterior median odds ratio,
(95% credible interval)

Posterior probability of
abnormal MPI (probability of

multivariable logistic regression
using non-informative prior

OR>1)
Confirmed prior COVID-19 (yes) 1.70 (1.20-2.40) 0.999
Age (10-unit increase, years) 0.94 (0.82-1.07) 0.162
Sex (female) 0.80 (0.56-1.16) 0.121
Diabetes mellitus (yes) 1.14 (0.81-1.62) 0.781
Hypertension (yes) 0.86 (0.63-1.18) 0.174
Smoking (yes) 1.47(1.06-2.03) 0.989
Creatinine (1-unit increase, mg/dl) 0.86(0.56-1.13) 0.162
Hemoglobin (1-unit increase, g/dl) 1.03 (0.93-1.13) 0.722
LDL (10-unit increase, mg/dl) 0.98(0.94-1.02) 0.180
HDL (5-unit increase, mg/dl) 1.00 (0.94-1.06) 0.440
CRP (1-unit increase, mg/dl) 1.01 (0.98-1.04) 0.813

LDL low-density lipoprotein; HDL high-density lipoprotein; CRP C-reactive protein; LDL low density

lipoprotein

in the risk of abnormal MPI; Fig. 3). Analyses using differ-
ent priors are shown in Table 3. In summary, for all priors,
there was > 90% probability that the OR was greater than 1
(this indicated any degree of the increasing risk of abnormal
MPI). In addition, we evaluated the effect of different pri-
ors on posterior probability distribution in a meta-analysis
context. Estimated heterogeneity was a low 0.093 (there was
only 9.3% variance among the analysis results when using
different priors, which indicated small changes caused by

Prob (OR <1) = 0.001 : Prob (OR >1) = 0.999 Prob (OR >1.3) = 0.934

1.754

1.50 1

Density

1.25

1.00 4

different priors used with Bayesian analysis; Fig. 4). This
showed that our Bayesian analysis was robust relative to
various priors.

Finally, we used Bayesian multivariable linear regression
to test the relationship between time from COVID-19 to the
MPI and SSS. Each 30-day increase in time from COVID-
19 to MPI was associated with an increase in the SSS of
0.04 () units (95% Crl, —0.117, 0.200). There was a 70%
probability that the f was greater than O (this indicated any

Posterior median adjusted OR =
1.70 (95% Crl 1.20, 2.40)

20 25 30

Posterior distribution of Odds ratio

Fig. 3 Posterior probability of odds ratio using weakly informative priors used
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Table 3 Evaluating the
relationship between confirmed
prior COVID-19 and abnormal
MPI using different priors

Priors Posterior median Posterior probability of Posterior probability of
OR, (95% Crl) abnormal MPI (probability of  abnormal MPI (probability of
OR>1) OR>1.3)
Weakly informative  1.70 (1.20-2.40)  0.999 0.934
Moderate skeptical 1.47 (1.07-2.02) 0.993 0.784
Moderate optimistic  1.44 (1.15-1.86) 0.999 0.805
Moderate pessimistic 1.32 (0.93-1.90) 0.937 0.525

Frequentist

171 (1.21-2.39% — -

In frequentist statistics, 95% confidence interval was used

weakly informative

skeptical

Pessimistic

1
1
1
1
1
'
'
1
1
l
1
'
1
1
1
1
1
1
1
1
1
1
1
'
1
1
1
1
1
'
'
1

prediction (theta) !
1
'
1
1
'
'
1
1
1
1
'
'
1
1
1
'
'
1
1
1
1
'
1
I

Optimistic |

1
1
1
1
1
1
1

0.5 0.0 0.5 1.0
log(OR); 95% Crl

For median Tau, 9.3%
of heterogeneity is explained by priors

'
0.8

0.0 0.1 0.2 03
Tau

Fig.4 Forest plot for the results after each prior (A) and resulting heterogeneity (I?) (B). ~9.3% of the heterogeneity is explained by the priors.
This suggests that our results are relatively robust to when the different priors used

degree of increase in the SSS) and a 24% probability that
the p was greater than 0.1 (this indicated a mild increase in
the SSS).

Discussion

This is the first study to evaluate myocardial perfusion
scintigraphy in COVID-19 patients who presented with
chest pain and/or shortness of breath after recovery. The
results of the study showed us that the rates of abnormal
MPI for ischemia were higher in the COVID-19 group and

that a history of COVID-19 could predict ischemia in MPI
(Odds-Ratio was greater than 1.3 with 93.4% probability).
In addition, there was a weak relationship between time
from COVID-19 to MPI and SSS.

In COVID-19, which continues its effect all over the
world, important cardiovascular pathologies may occur in
addition to respiratory tract involvement. During the active
period of the disease, AMI, myocarditis, stress cardiomyo-
pathy, myocardial injury, and arrhythmias may occur [1,
14]. Based on current knowledge, proposed mechanisms
of cardiac injury are the direct entry of the virus and the
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resultant myocardial damage, systemic inflammation,
hypoxia, cytokine storm, and plaque destabilization [14].

In addition to causing cardiac complications during
the active period, COVID-19 can also cause symptoms
after recovery, and signs of cardiac involvement can be
encountered. Studies have shown that symptoms such as
shortness of breath, chest pain, and fatigue after recovery
from the disease exist [4]. Although more common in hos-
pitalized patients, these complaints may occur during the
post—COVID-19 period in those who are not hospitalized
and have mild symptoms [5-7]. In a CMR study conducted
in COVID-19 patients with symptomatic disease (at home
or hospitalized) in which 100 patients were evaluated after
recovery, cardiac involvement was found in 78% of the
patients, and myocardial inflammation was detected in 60%
of the CMR taken after a median of 71 days [15]. Again, in
a CMR study evaluating 26 athletes who had asymptomatic
or mild symptoms of COVID-19, findings consistent with
myocarditis were found in four (15%) of the patients [3]. In
a meta-analysis evaluating studies of patients undergoing
cardiac evaluation in the post-COVID-19 period, the median
time from diagnosis or recovery to cardiac evaluation was
48 days (1-180 days). In these patients, pericardial effu-
sion (15%) and late gadolinium enhancement (11%) were
detected in CMR, with symptoms like chest pain (25%) and
dyspnea (36%) in patients evaluated within the first three
months. Common changes were detected at approximately
three to six months after infection, including left ventricular
global longitudinal strain reduction (30%) and late gadolin-
ium enhancement (10%) in CMR. Additionally, COVID-19
survivors were at greater risk of developing heart failure,
arrhythmias, and myocardial infarction [16].

It is understood that COVID-19 may increase the risk
of AMI by causing instability of the atherosclerotic plaque
in the epicardial coronary arteries, as well as causing myo-
cardial ischemia due to CMD [1, 8, 16]. In a CMR study
conducted with 148 patients after discharge from COVID-19
with myocardial injury, adenosine stress perfusion CMR was
performed in 76 of these patients, and inducible ischemia
was detected in 20 (26%) of these patients (seven had an
additional infarct area) [17]. In a study by Drakos et al. in
patients with shortness of breath and post-covid fatigue
syndrome after recovery from COVID-19, it was found that
myocardial perfusion reserve with CMR was significantly
lower in the COVID-19 group than in the healthy group [9].
In our study, ischemia was observed in the MPI of 77 (23%)
of the patients in the COVID-19 group. The rate of ischemia
using SPECT-MPI was observed to be higher in the COVID-
19 group, and it was determined that a history of COVID-19
could be a predictor of abnormal MPI.

SARS-CoV-2 infects host cells through the transmem-
brane angiotensin-converting enzyme 2 (ACE2) receptor,
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which is expressed in many organs and tissues such as
the heart, lungs, and kidneys, including vascular endothe-
lial cells [18, 19]. Emerging evidence has suggested that
COVID-19 is associated with RAAS dysregulation, hyper-
inflammation, and coagulation dysfunction endothelial
dysfunction [20-22]. These mechanisms may all cause
structural and functional changes in the microvascular cir-
culation, resulting in deterioration in organ perfusion and
metabolism and direct organ damage [8, 23]. In the heart,
one of the organs connected to microvascular circulation,
hemodynamics and metabolic homeostasis are regulated
by the coronary microvasculature [8, 24]. In primary CMD
without obstructive coronary artery disease, functional and
structural abnormalities in the coronary microvasculature
impair the vessels’ ability to increase myocardial blood
flow and vasodilation function, leading to ischemia and
angina if myocardial oxygen demand is increased [25].
SARS-Cov-2 causes the down-regulation of ACE-2, which
is involved in the inactivation of angiotensin II; in addi-
tion, the hyperactivation of angiotensin II causes vasocon-
striction, hypertrophy, fibrosis, and the release of reac-
tive oxygen species [26]. Coronary microvessels can be
damaged directly by SARS-CoV-2, hyper inflammation,
ARDS-induced hypoxia, and autonomic nerve dysfunc-
tion, or indirectly due to damage to perivascular cells.
Again, there may be occlusions in coronary microvessels
due to atherosclerotic fragments and microthrombi [8]. In
the study of Drakos et al., they proposed that decreased
myocardial perfusion reserve might be due to coronary
microvascular dysfunction. Furthermore, in a brief report,
which included a small number of patients, in which CMD
was evaluated as invasive, it was determined that ischemia
detected in SPECT-MPI without functional and anatomi-
cal critical stenosis in the coronary arteries may be due to
microvascular dysfunction and can be used as a prognos-
tic factor for severe cardiac events [27]. Although we did
not make an invasive evaluation for CMD in our study,
increasing ischemia with MPI in the COVID-19 group
might be due to CMD in patients without critical stenosis
in CAG.

Considering both our clinical practice and the results of
previous studies, the number of patients presenting with
chest pain and shortness of breath in the post-COVID-19
period is significant [5—-7]. The symptoms in patients with
ischemia in SPECT-MPI and no critical coronary stenosis
on CAG suggest that we should be mindful of COVID-19
for risk assessment. CMD after the COVID-19 period is
conceivable when assessing patients with chest pain or
dyspnea during the chronic period. In patients with low/
intermediate probability CAD, to exclude significant coro-
nary stenosis, performing CCTA may reduce the need for
invasive CAG, especially in patients with low TPD.
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Conclusions

Ischemia rates were observed to be higher in MPI in
COVID-19 patients compared to those in the non—COVID-
19 group, and it was found that a confirmed prior COVID-19
infection could be a predictor of abnormal MPI. Symptoms
such as chest pain and shortness of breath that occur in some
patients in the post—-COVID-19 period may be caused by
CMD in patients with ischemia in MPI and without critical
coronary stenosis.

Limitations

One of the most important limitations of the study is that it
has a single-center and retrospective design. Other important
limitations of the study include the inability to perform coro-
nary angiography in all patients with ischemia in MPI due to
patient preference and the decrease in interventional proce-
dures due to the pandemic. In addition, we could not assess
microvascular dysfunction invasively. Another limitation of
the study is that it could not be included in the multivariable
analysis due to the lack of family history data on coronary
artery disease. Given that COVID-19 is determined by PCR
positivity, the inability to identify patients who survived the
disease asymptomatically or who had COVID-19 but were
PCR negative is another limitation.
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