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ABSTRACT

Objective: Coronavirus disease 2019 (COVID-19) is considered to deteriorate endothelial function through hyperinflammation. We
aimed to investigate microvascular dysfunction using the angiographic parameters thrombolysis in myocardial infarction frame
count (TFC) and myocardial blush grade (MBG), in COVID-19 patients with acute coronary syndrome (ACS).

Methods: One hundred and sixty-five patients presented with ACS (62.4% ST elevated myocardial infarction) and underwent per-
cutaneous coronary intervention between March 1 and June 30, 2020, were enrolled in the study. The polymerase chain reaction
test was performed in case of suggestive symptoms or typical computerized tomography findings.

Results: Twenty-six patients (15.7%) were tested positive for COVID-19. Significantly higher values were observed in TFC in pa-
tients with COVID-19 (p<0.001), whereas COVID-19 patients had significantly lower MBGs (Grade 0 and 1) (p<0.001). Peak tropo-
nin-I value was also higher in the COVID-19 group (27335 vs. 15959 ng/dL, p=0.006). Mortality risk was higher in COVID-19 patients
(38.4% vs. 7.2%, p<0.001). TFC and ejection fraction may predict in-hospital mortality among COVID-19 patients with ACS accord-
ing to logistic regression results. In correlation analysis, TFC correlated positively with C-reactive protein (r=0.340, p<0.001) and
peak troponin-I value (r=0.369, p<0.001).

Conclusion: COVID-19 is associated with slow coronary flow and microvascular impairment in ACS.
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Coronavirus disease 2019 (COVID-19) affects multiple  thrombotic regulation.'>* This process accounts for arteri-
organs as well as the respiratory system. Endotheli- 3] and venous thrombosis and impairment of microvascu-
al dysfunction is considered to have a crucial role in the  |5ture that can be seen during the disease period.

pathogenesis and progression of the disease.” Pro-in-
flammatory mediators, such as IL-1, IL-6, and TNF-a, cause
a state called cytokine storm that especially seen at ad- (TFC) method was developed as a continuous index of
vanced stages, and leads to vascular endothelial dam-  coronary blood flow to enable objective and reproducible
age, deterioration of endothelial cell functions including  assessment and thus to overcome limitations of the con-

Thrombolysis in myocardial infarction (TIMI) frame count
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ventional TIMI flow grading system.” TFC and its clinical
value have been evaluated in several studies and higher
TFC, which reflects slower coronary flow rate, has been
found to be related to poor prognosis in acute coronary
syndrome (ACS).5® Although TFC method is also an indi-
rect measure of microvascular impairment and has been
demonstrated to have a significant correlation with sev-
eral inflammatory and vascular biomarkers that reflect
endothelial dysfunction, myocardial blush grade (MBG)
was developed as a more direct way of assessing myo-
cardial perfusion and found to be a useful parameter in
predicting mortality after primary percutaneous coronary
intervention (PCI).”" It has been shown that COVID-19 is
related to arterial and venous complications. However,
data on the impacts of the disease on coronary microcir-
culation are scarce. In this study, we aimed to investigate
microvascular impairment following primary PCl among
COVID-19 patients presenting with ACS using angio-
graphic measures corrected TFC (cTFC) and MBG.

Methods

Study Population

A total of 177 consecutive patients, who presented to
our emergency department with ACS, between March
1 and June 30, 2020, were evaluated retrospectively.
Eight patients were managed with medical treatment.
Coronary artery bypass surgery was performed in four
patients. Remaining 165 patients, in whom PCl was per-
formed, enrolled in the study. All patients underwent
chest computerized tomography (CT) before coronary
angiography. SARS-CoV-2-RT-polymerase chain reaction
(PCR) testing was performed if patients had symptoms
suggestive of COVID-19 and/or typical CT findings of
the disease. Diagnosis of ACS was made according to
the current guidelines.®' Information was obtained
from the hospital records to determine clinical charac-
teristics. The study was approved by Ethics Committee
of our institution (acceptance number and date 1546,
30.06.2020, respectively).

Interventional Procedures

All patients were given 300 mg acetylsalicylic acid, 100 IU/
kg unfractionated heparin, and either 600 mg clopidogrel
or 180 mg ticagrelor after arrival to the catheterization labo-
ratory. The standard Judkins technique was used with 6F or
7F guiding catheters. Choice of stent type, size and length,
pre-dilatation, and post-dilatation were at the discretion
of the operator. Bare metal stents (Ephesos I, Alvimedica),
everolimus-eluting stents (Xience pro, Abbott), and zotar-
olimus-eluting stents (Resolute integrity, Medtronic) were

used. Conventional coronary angiography and PCl were
performed and recorded using the Artis Zee angiography
system (Siemens, Munich, Germany).

Angiographic Analysis

Coronary angiograms were analyzed to measure TIMI flow
grade, cTFC, and MBG by two interventional cardiologists
who were blinded to the clinical characteristics of the pa-
tients. Frame counts needed for contrast material to reach
standardized distal landmarks were calculated as described
by Gibson et al.” These landmarks were defined as distal
bifurcation of the left anterior descending artery (LAD), the
first branch of the posterolateral artery for the right coro-
nary artery, and distal bifurcation with the longest total dis-
tance involving the culprit lesion for the circumflex artery.
To derive corrected TIMI frame counts, TFCs for the LAD and
saphenous vein graft were corrected by dividing 1.7 and
1.6, respectively. Coronary angiograms were filmed at an
acquisition rate of 15 f/s; therefore, cTFC values were multi-
plied by 2 for adjustment. MBG was assessed according to
the grading system of Van't Hof et al.”? Grade 0 was defined
as the absence of MBG 3 was defined as normal myocardial
blush, similar to non-culprit arteries. Grades 1 and 2 were
described as minimal and moderate blush, respectively.
Post-PCI TIMI flow grades were assessed according to TIMI
trial."™ The absence of perfusion was Grade 0. If contrast,
the material passed the occluded segment, but failed to
opacify the distal coronary bed, classified as Grade 1. Grade
2 was defined as achievement of distal coronary bed opaci-
fication, but a slower rate of contrast material compared to
non-culprit arteries. When antegrade flow or clearance rate
of contrast material was similar to non-culprit arteries, clas-
sified as Grade 3.

Laboratory Analysis

Blood samples of each patient were obtained in the emer-
gency department before coronary angiography. Tropo-
nin-l and creatinine measurements were repeated during
the hospitalization period to determine peak value. Sam-
ples for complete blood count and biochemistry tests
were collected in BD Vacutainer K2E (with EDTA) and BD
Vacutainer SST Il Advance (BD, Plymouth, UK), respective-
ly. Biochemical tests were performed using Cobas ¢ 501
autoanalyzer (Roche Diagnostics, Mannheim, Germany).
Complete blood cell count parameters were obtained with
an automated analyzer, XE-2100 (Sysmex, Kobe, Japan).
Samples for SARS-CoV-2-RT-PCR test were taken using Bio-
speedy nasopharyngeal swab in the vNAT transfer tube.
COVID-19 gPCR Detection Kit was used for the test. (Bio-
eksen, Istanbul, Turkey). Echocardiogram was performed
using the Philips Epiq system.
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Statistical Analysis

Statistical analysis was performed with SPSS Statistics 21.0.
Two sample t-test was used for continuous data if followed
normal distribution and variables were reported as mean
and standard deviation, otherwise Mann-Whitney U-test
was performed and variables were defined as median and
interquartile range. Categorical data were analyzed by Chi-
square test and variables were specified as percentage
values. Spearman test was used to analyze the correlation
between corrected TIMI frame count and troponin-l and
C-reactive protein (CRP). Logistic regression was used for

predictors of mortality. Variables that were found signifi-
cantin the Univariate test were included in the multivariate
analysis.

Results

Baseline clinical and laboratory values are reported in Ta-
ble 1. Twenty-six patients (15.7%) were tested positive for
COVID-19. There were no significant differences between
the two groups for age, the prevalence of hypertension,
diabetes mellitus, smoking, and chronic kidney disease.
However, dyslipidemia was more common among the

Table 1. Baseline clinical characteristics and laboratory parameters of the study population

Parameters COVID-positive (n=26) COVID-negative (n=139) P
Age (years) 62.8+13.8 57.6+£12.0 0.051
Male gender, n (%) 14 (53.8) 116 (83.5) 0.001
Hypertension, n (%) 16 (61.5) 67 (48.2) 0.21
Diabetes mellitus, n (%) 10 (38.5) 38(27.3) 0.25
Dyslipidemia, n (%) 5(19.2) 57 (41) 0.035
Smoking, n (%) 9 (34.6) 70 (50.4) 0.14
Chronic kidney disease, n (%) 3(11.5) 11(7.9) 0.46
Previous history of CAD, n (%) 10 (38.5) 31(22.3) 0.08
Presentation 0.56

STEMI, n (%) 16 (61.6) 87 (62.6)

Anterior, n (%) 12 (46.2) 42 (30.2)

Inferior, n (%) 4(15.4) 34 (24.5)

Lateral, n (%) 6 (4.3)

Posterior, n (%) 5(3.6)

NSTE-ACS, n (%) 10 (38.5) 52(37.4)
Atrial fibrillation, n (%) 2(7.7) 6(4.3) 0.61
Ejection fraction (%) 37.5+1.8 50.6+0.8 <0.001
Prior CABG, n (%) 4(15.4) 10(7.3) 0.24
In-hospital mortality, n (%) 10(38.4) 10(7.2) <0.001
Contrast-induced nephropathy, n (%) 6(23.1) 11(8.1) 0.035
Length of hospitalization (day)* 6(3-12) 3(2-5) 0.002
CRP (mg/L)* 78.1 (39-222) 36.6 (15.1-88) 0.001
Peak troponin-I (ng/dL)* 27335 (12,038-52,808) 15,959 (2813-27,619) 0.006
Creatinine (mg/dL)* 0.91 (0.79-1.27) 0.86 (0.74-1.03) 0.1
eGFR (mL/min/1.73 m?)* 68.5 (49.5-93.5) 93.0 (73-104) 0.003
Hemoglobin (g/dL) 12.7+23 144+1.7 <0.001
White blood cell (103/mL) 154+59 11.5+£36 0.003
Neutrophil (103/mL) 11.8+59 8.82+1.17 0.20
Lymphocyte (103/mL) 252+22 267+13 0.64
Platelet (103/mm?3) 256.9 + 80 246.8 +73.7 0.52
Mean platelet volume (fL) 9.85+1.33 9.57 £1.07 0.24

Data were given as mean * standard deviation or percentage. *: Median (interquartile range). CAD: Coronary artery disease; STEMI: ST-segment elevation
myocardial infarction; NSTE-ACS: Non-ST-elevation acute coronary syndrome; CABG: Coronary artery bypass graft; CRP: C-reactive protein; eGFR: Estimated

glomerular filtration rate.
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COVID-19-positive group. The previous history of coronary
artery disease and atrial fibrillation rates was similar. The
most common presentation was ST elevated myocardi-
al infarction in both groups (61.6% of the positive group
and 62.6% of the negative group). Patients with COVID-19
were more likely to have lower left ventricular ejection frac-
tion values (37.5% vs. 50.6%, p<0.001). COVID-19 patients
significantly had longer hospitalization periods (median
6 days vs. 3 days). In-hospital mortality was also higher in
patients with COVID-19 (38.4% vs. 7.2%, p<0.001). While
white blood cell counts, CRP, and peak troponin-I values
were significantly higher in the COVID-19-positive group,
hemoglobin levels and glomerular filtration rates were
lower compared to the negative group. After exclusion of
patients, which already on dialysis treatment, the develop-
ment of contrast-induced nephropathy was more often in
COVID-19 patients (23.1% vs. 8.1%, p=0.035).

Table 2. Angiographic parameters of the study population

Angiographic parameters are presented in Table 2. Rates
of reduced post-PCl TIMI flow grade (Grades 0, 1, and 2)
were similar between two groups (13.6% vs. 12%, p=0.56),
whereas COVID-19 patients had significantly higher cor-
rected TIMI frame counts (39 vs. 22, p<0.001) and lower
MBG (Grades 0 and 1) (57.7% vs. 3.8%, p<0.001). There were
no significant differences for procedural characteristics
such as pre-dilatation and post-dilatation rates, implanted
stent lengths, and diameters. LAD culprit lesions predomi-
nated in both groups.

Corrected TIMI frame count (OR: 1.130 Cl 1.051-1.214,
p=0.001) and ejection fraction (OR: 0.889 Cl 0.794-0.996,
p=0.042) were predictors of mortality in COVID-19-positive
group according to logistic regression test results (Tables
3 and 4). In Spearman test, cTFC correlated positively with
CRP (r=0.340, p<0.001) and peak troponin-I value (r=0.369,
p<0.001) (Fig. Taand 1b).

Parameters COVID-positive (n=26) COVID-negative (n=139) p
Post-PCI TIMI flow grade <3, n (%) 3(12) 18(13.6) 0.56
Corrected TIMI frame count 39 (30-52) 22 (18-26) <0.001
Myocardial blush grade <2, n (%) 15 (57.7) 5(3.8) <0.001
Multivessel disease, n (%) 13 (50) 86 (60.4) 0.79
Culprit lesion, n (%) 0.31

LAD 13 (50) 65 (46.7)

RCA 8(30.8) 41 (29.5)

Cx 3(11.5) 30(21.6)

Saphenous vein graft 2(7.7) 3(2.2)
Stent diameter (mm) 3(2.75-3) 3(2.75-3) 0.15
Stent length (mm) 23 (18-36.7) 26 (18-34) 0.78
Pre-dilatation, n (%) 21 (80.8) 124 (89.2) 0.32
Post-dilatation, n (%) 16 (61.5) 98 (70.5) 0.45

Data were given as median (interquartile range) or percentage. PCl: Percutaneous coronary intervention; TIMI: Thrombolysis in myocardial infarction;
LAD: Left anterior descending artery; RCA: Right coronary artery; Cx: Circumflex artery.

Table 3. Univariate logistic regression analysis for independent predictors of in-hospital mortality

Variables Univariate logistic regression analysis
OR (%95 CI) p

Corrected TIMI frame count 1.168 (1.090-1.252) <0.001
Ejection fraction 0.841 (0.766-0.923) <0.001
Myocardial blush grade 0.678 (0.380-1.209) 0.188
Age 1.028 (0.978-1.081) 0.272
CRP (mg/L) 1.006 (1.001-1.012) 0.025
Hemoglobin (g/dL) 0.808 (0.642-1.016) 0.069

TIMI: Thrombolysis in myocardial infarction; CRP: C-reactive protein.
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Table 4. Multivariate logistic regression model for independent predictors of in-hospital mortality

Variables Multivariate logistic regression analysis
OR (%95 ClI) p
Corrected TIMI frame count 1.130(1.051-1.214) 0.001
Ejection fraction 0.889 (0.794-0.996) 0.042
TIMI: Thrombolysis in myocardial infarction.
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Figure 1. Correlation of corrected TIMI frame count with C-reactive protein (a) and troponin | (b).

Discussion

In our study, we demonstrated that COVID-19 patients with
ACS had significantly higher cTFC and lower MBG values
which may reflect impairment of epicardial flow and micro-
vasculature. Furthermore, cTFC and ejection fraction were
related to mortality risk among COVID-19-positive group.

Endothelial dysfunction is considered to have a major role
in the pathophysiology of COVID-19 and accounts for dif-
ferent clinical presentations such as pulmonary throm-
boembolism, multiorgan infarctions, and failures during
disease period. It has been hypothesized that Sars-Cov-2
targets endothelial cells, which are expressing angioten-
sin-converting enzyme 2, and causes damage and impairs
their functions; this impairment leads to hyperinflamma-
tion, hypercoagulable state, and eventually microvascular
thrombosis through triggering complement, platelet, and
leukocyte activation.!

Although cTFC is considered to reflect only epicardial
blood flow, it may be also a parameter of microvascular
function.l'>'¥ Several inflammatory mediators and endo-
thelial markers of injury were demonstrated to be asso-

ciated with slow coronary flow.'*'® Hyperinflammation
and endothelial cell damage seen in COVID-19 may ac-
count for higher cTFC values observed in our study.

Previously, O. Rodriguez-Leor et al.'”! reported increased
rates of stent thrombosis, in-hospital mortality, and ma-
jor adverse cardiovascular events in COVID-19 patients
with ST-segment elevation myocardial infarction (STEMI).
Furthermore, Choudry et al.'® showed lower MBGs and
higher rates of stent thrombosis in COVID-19 and STEMI
patients. Although we did not report any stent thrombo-
sis in both groups, similarly, we also demonstrated low-
er MBGs in COVID-19-positive group that may be due to
microvascular thrombosis and/or thrombus embolization
to distal coronary microcirculation after PCl. We found
significantly lower ejection fraction and higher peak tro-
ponin-I values among COVID-19 patients compared with
the negative group. These findings may provide more
evidence of greater impairment of tissue-level perfusion
in COVID-19. Nevertheless, higher peak troponin-I values
and lower ejection fraction of COVID-19 patients may be
due to the higher rate of anterior Ml in this group. In ad-
dition, a previous history of coronary artery disease that
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seen more common in COVID-19 group may cause lower
ejection fraction as well.

In the present study, we observed 2 times longer hos-
pitalization period in COVID-19 patients compared to
COVID-19-negative patients. It is reasonable for a disease
affecting multiple organ systems as well as severe cardiac
involvement. In a postmortem case series of 26 patients,
electron microscopic findings demonstrated coronavi-
rus-like particles in the renal tubular epithelium.!’

We found that estimated glomerular filtration rate was
significantly lower on admission and contrast-induced
nephropathy was more often in COVID-19 patients, which
may reflect concomitant renal injury due to direct infection
of the tubular epithelium.

Predictive and prognostic values of ¢cTFC and MBG in pa-
tients with ACS were well-known from previous studies.
Furthermore, we showed that cTFC and ejection fraction
may predict mortality among COVID-19-positive group.
The main goal of reperfusion therapies is to provide myo-
cardial reperfusion. As previously said, COVID-19 is consid-
ered as a disease of microvascular dysfunction. Developing
therapies for COVID-19 based on the microvasculature may
improve cardiovascular outcomes of the disease as well.

This is a single-center trial and the main limitation of the
study is a small sample size. The number of events is low.
Furthermore, we did not take samples for SARS-CoV-2-RT-
PCR test from patients without any suggestive symptoms
or CT findings. Furthermore, it has a retrospective design,
and follow-up data of patients are absent.

Conclusion

COVID-19 is associated with slow coronary flow and micro-
vascular impairment, reflected as higher cTFC and lower
MBG, in patients with ACS. Corrected TIMI frame count and
ejection fraction may predict mortality among COVID-19-
postive group.
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