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Abstract

Introduction: Acute coronary syndrome represents a major cause of mortality
throughout the world. To date, there are only a few reports of ST-segment ele-
vation type 1 myocardial infarction in patients with COVID-19. The aim of this
study was to describe the clinical and angiographic characteristics alongside
the prediction of in-hospital mortality using the GRACE risk score in this group.
Material and methods: This was a single-center, retrospective study of con-
secutive patients admitted to a multi-specialist hospital with confirmed
ST-segment elevation myocardial infarction (STEMI) and treated with pri-
mary percutaneous coronary intervention. Demographic, clinical and angio-
graphic characteristics were compared between survivors and non-survivors.
Results: Twenty-five patients, of whom 23 (92%) were men, with confirmed
STEMI and COVID-19, with a median age of 70 years and high comorbidity
burden, were included in this study. They were treated with percutaneous
coronary intervention and 12 (48%) of them died. Non-survivors had ele-
vated high-sensitivity C-reactive protein (hsCRP) (p = 0.026) and D-dimer
(p = 0.042) and reduced left ventricular ejection fraction (30 £9 vs. 41 +7;
p = 0.003). Postprocedural TIMI 3 flow grade was less frequently observed in
this group (p = 0.039). There was a higher GRACE score in the non-survivor
group (mean + SD; 210 +35 vs. 169 #42, p = 0.014). In ROC analysis, GRACE
score predicted in-hospital death with an AUC of 0.788 (95% Cl: 0.6-0.98,
p = 0.014). A score of 176 was identified as the optimal cut-off with a sen-
sitivity of 92% and specificity of 69%.

Conclusions: The GRACE risk score is a good predictor of in-hospital mortal-
ity in patients presenting with STEMI with concomitant COVID-19.

Key words: COVID-19, GRACE score, myocardial infarction, in-hospital
mortality.

Introduction

Cardiovascular complications develop frequently in patients with
coronavirus disease 2019 (COVID-19) [1]. Acute coronary syndromes
(ACS) remained the leading cause of death and disability all over the
world [2, 3]. Systemic viral infections may generate plaque rupture and
thrombosis [4, 5]. Notably, patients with COVID-19 and ACS have rarely
been described in reports [6-9].

ATHEROSCLEROTIC DISEASES AMS



mailto:mariuszwojcik88@gmail.com
mailto:mariuszwojcik88@gmail.com

The GRACE risk score in patients with ST-segment elevation myocardial infarction and concomitant COVID-19

All ST-segment elevation myocardial infarction
(STEMI) patients should undergo an early assess-
ment of both short-term risk on admission and
long-term risk at discharge [10]. Selecting the
group of patients with an unfavorable prognosis
makes it possible to take actions that can potential-
ly prevent the occurrence of adverse events. These
actions include prolonged monitoring of basic vital
parameters such as electrocardiogram (ECG), Sa0,,
blood pressure or delayed discharge after myocar-
dial infarction. Prognostic scoring systems includ-
ing the Global Registry of Acute Coronary Events
(GRACE) risk score and thrombolysis in myocardial
infarction (TIMI) risk score have been reported to
be useful in predicting in-hospital and long-term
mortality among patients with ACS [11, 12]. There
are eight parameters used to calculate the Glob-
al Registry of Acute Coronary Events (GRACE) risk
score — age, heart rate, systolic blood pressure, ini-
tial creatinine level, Killip class, pre-hospital cardiac
arrest, elevated cardiac markers and ST-segment
elevation or depression — which are evaluated to
calculate the risk of in-hospital mortality [11, 13].
The original GRACE data did not include patients
with concomitant SARS-CoV-2 infection.

Sparse reports of cardiac catheterization in pa-
tients with concomitant COVID-19 reveal a variety
of angiographic findings in patients with ACS in-
cluding obstructive coronary disease (type 1 myo-
cardial infarction), angiographically normal epicar-
dial arteries (e.g. stress-induced cardiomyopathy)
or high thrombus burden [14, 15]. In others, fibri-
nolytic therapy was the main treatment strategy
so there is no information regarding coronary ar-
teries [16].

As there are limited reports on patients with
STEMI and COVID-19 treated with percutaneous
coronary intervention (PCl), we aimed to describe
their demographic, angiographic and peripro-
cedural characteristics along with their clinical
outcomes. Moreover, the present study aimed to
examine the association between the GRACE risk
score and in-hospital mortality in this group of pa-
tients, which, to our best knowledge, has not been
done so far.

Material and methods

This was a single-center, retrospective study of
25 patients admitted to a multi-specialist hospi-
tal where a cardiology ward for COVID-19 patients
was established. The ward existed from October
23, 2020 to April 23, 2021 (exactly 6 months).
Anonymized data were gathered retrospectively.
This study was designed to assess the mortality
rate in the group of patients with both STEMI and
COVID-19 and to compare baseline characteristics,
the angiographic view, and procedural and clinical
outcomes between survivors and non-survivors.

The analyzed endpoint was in-hospital mortality
from any cause. None of the patients had been ful-
ly vaccinated against severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2). Patients were
diagnosed as having COVID-19 infection through
positive results on PCR testing of nasopharyngeal
samples in the post-catheterization period. STEMI
was defined based on the presence of typical chest
pain combined with ST-segment elevation in a 12-
lead electrocardiogram following the fourth univer-
sal definition of myocardial infarction [17].

Both comorbidities and risk factors were iden-
tified based on medical history or prior diagnosis
or treatment and defined based on the up-to-date
ESC guidelines [18].

Laboratory parameters

Blood samples were obtained on admission
before cardiac catheterization. Blood cell count,
glucose, creatinine, high-sensitivity troponin | (hs-
Tnl), procalcitonin (PCT) and lipid profile were
measured using routine laboratory techniques.
The blood count was measured by a Siemens
high volume hematology analyzer ADVIA 2120i.
A sodium citrate tube and ACL TOP 500 analyzer
were used for quantitative D-dimer measurement.
High-sensitivity C-reactive protein (hsCRP) was
measured quantitatively by immunoturbidimetric
assay (Abbott Alinity C, Illinois, U.S.A.).

Interventional procedures

During the study period, in the case of con-
firmed or suspected COVID-19 positive patients
medical personnel wore full personal protective
equipment during contact.

Obstructive coronary artery disease was de-
fined as the presence of significant narrowing of
the vessel > 50%. All patients underwent immedi-
ate coronary angiography and no one was treated
with fibrinolysis.

The interventional strategy, including the use
of direct stenting, balloon pre- and post-dilatation,
aspiration thrombectomy, the use of glycoprotein
(GP) lIb/1lla inhibitors and the type of stent, was
at the discretion of the operator and according to
guidelines. All subjects were administered a load-
ing dose of aspirin 300 mg and either clopidogrel
(600 mg), ticagrelor (180 mg) or prasugrel (60 mg).
Maintenance therapy consisted of a daily dose of
75 mg of aspirin and either clopidogrel (75 mg), ti-
cagrelor (90 mg twice a day) or prasugrel (10 mg).
During primary PCl unfractionated heparin was
given intravenously in a loading dose of 70 to 100
U/kg or 50 to 70 U/kg in the case of glycoprotein
IIb/Illa (GP llb/llla) inhibitor use.

Assessment of left ventricular ejection fraction
(LVEF) was performed using the echocardiograph-
ic biplane Simpson method.
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Prediction of in-hospital mortality was based
on the GRACE risk score and the calculation was
performed by identifying and summing the scores
for each predictive factor [11].

Statistical analysis

Data were analyzed using PQStat v.1.8.2.232
Software (Poznan, Poland). Categorical vari-
ables were expressed as numbers and percent-
ages. The Student t-test (the number of degrees
of freedom (df) was 23) was used for variables
with normal distribution (Shapiro-Wilk test) and
the values were presented as mean + SD. Others
were analyzed using the Mann-Whitney U test
and expressed as median with IQR (25" and
75%). Qualitative data were compared by the y?
(the number of df was 1) and Fisher’s exact test.
The association between parameters was as-
sessed by Spearman’s rank correlation test. Re-
ceiver operating characteristics (ROC) curve and
area under the curve (AUC) with optimal cut-off
were used to analyze the discriminatory power of
the GRACE scale. A two-tailed p-value < 0.05 in-
dicates statistical significance and the confidence
interval (Cl) was 95%.

Results
Patient characteristics

The study population consisted of 25 consec-
utive patients with confirmed STEMI who were
admitted during 6 months. From October 23w
2020 to April 2342021 they were admitted to the
cardiological ward and completed their hospital
stay (i.e. discharge or death). In each case, a pos-
itive result was obtained on the first day of stay;
hence they were defined as community-acquired
infections.

The demographic and clinical characteristics of
the studied groups are presented in Table |.

The median age was 70 years and 92% were
male. 100% of them were of the Caucasian race.
There were no significant differences in age, sex or
body mass index (BMI) between the two groups.
The median hospitalization duration was longer
in the survivor group than in non-survivors (me-
dian (Q1-Q3); 17 (13-21) vs. 8.5 (3.5-14.5) days,
respectively, p = 0.026). Total mortality was 48%
(12 of 25 subjects, of whom 75% were older than
65 years (9 of 12)).

Despite higher rates of mechanical ventilation
in the non-survivor group, this did not reach sig-
nificance (67% vs. 46%, p = 0.3). It is worth not-
ing that there was a tendency (with borderline
significance) to higher prevalence of cardiogenic
shock in the non-survivor group (50% vs. 15%, p =
0.097). The number of pre-hospital cardiac arrests
was comparable in both groups. Reduced LVEF

was observed in the non-survivor group (mean +
SD; 30 + 9 vs. 41 + 7, p = 0.003) (Figure 1).

No difference between the groups was ob-
served concerning the ECG presentation. The
most common was an infarction of an anterior
wall (52%).

The most widespread cardiovascular risk fac-
tor or disease was arterial hypertension (68%),
followed by diabetes mellitus (48%) and obesity
(40%).

There was a higher GRACE score in the non-sur-
vivor group (mean + SD; 210 +35 vs. 169 +42,
p = 0.014). In ROC analysis, GRACE score predicted
in-hospital death with an AUC of 0.788 (95% Cl:
0.6-0.98, p = 0.014) (Figure 2). A score of 176 was
identified as the optimal cut-off with a sensitivity
of 92% and specificity of 69%. Of note, only one
patient with in-hospital death had a GRACE score
< 176 in the present study.

Laboratory parameters on admission are pre-
sented in Table I. Non-survivors had a higher level
of hsCRP (median (Q1-Q3); 131 (72-190) vs. 13
(4-96), p = 0.026) and D-dimer (median (Q1-Q3);
27327 (5070-78476) vs. 652 (474-1498), p =
0.042) (Figure 1).

GRACE score was positively correlated with
procalcitonin (r = 0.604, p = 0.004), whereas it
was negatively correlated with LVEF (r = —0.498,
p = 0.016). D-dimer was positively correlated with
N-terminal prohormone of brain natriuretic pep-
tide (NT-pro-BNP) (r = 0.794, p = 0.0061).

Procedural characteristics and treatment

A primary PCl procedure was performed in all
patients in both groups (Table Il). Median door-
to-balloon times were well below 60 min and
comparable in both groups. Access through the
radial artery was the most commonly used one.
We found no differences with regard to the cul-
prit artery. The left anterior descending artery was
the most often responsible for myocardial infarc-
tion (44%) followed by the right coronary artery
(36%) and circumflex artery (16%). Similar levels
of baseline TIMI flow grade, the rate of aspiration
thrombectomy use and successful stent implan-
tation were observed in both groups. Postproce-
dural TIMI 3 was slightly less frequently observed
in the non-survivor group (p = 0.039); however,
this did not directly translate into more frequent
use of GP lIb/Illa inhibitors (p = 0.64). Only sec-
ond-generation stents were implanted, of which
the most common antiproliferative substance in
both groups was sirolimus (48%).

Pharmacotherapy is presented in Table II.

The most commonly used P2Y12 inhibitor in
combination with aspirin was clopidogrel (68%)
followed by ticagrelor (28%). B-blockers and an-
giotensin-converting enzyme inhibitors (ACEls)/
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Table I. Characteristics of the studied groups

Variable All patients (n = 25)  Survivors (n = 13)  Non-survivors (n = 12) P-value
Age [years] 69.94 £+8.91 71.58 £7.98 67.85 £9.65 0.30
Male sex, n (%) 23 (92) 13 (100) 10 (83) 0.22
BMI [kg/m?] 29.50 +6.38 30.4 £6.29 28.41 £6.95 0.63
Length of hospital stay [days] 13 (6-20) 17 (13-21) 8.5 (3.5-14.5) 0.026
Mechanical ventilation, n (%) 14 (56) 6 (46) 8 (67) 0.3
LVEF (%) 36 £10 41 %7 30 9 0.003
Cardiogenic shock, n (%) 8 (32) 2 (15) 6 (50) 0.097
Cardiac arrest, n (%) 3(12) 2 (15) 1(8) 1
GRACE score 189 +44 169 +42 210 £35 0.014

ECG presentation, n (%):

Anterior 13 (52) 6 (46) 7 (58) 0.54
Inferior 7 (28) 4 (31) 3 (25) 1.0
Lateral 3(12) 3(23) 0 0.22
Posterior 2 (8) 0 2 (17) 0.22

Risk factors and comorbidities, n (%):

Diabetes mellitus 12 (48) 5 (38) 7 (58) 0.318
Arterial hypertension 17 (68) 10 (77) 7 (58) 0.41
Obesity 10 (40) 6 (46) 4(33) 0.69
Coronary artery disease 6 (24) 4 (31) 2(17) 0.64
Smoking 7 (28) 4 (31) 3 (25) 1

Previous stroke 4 (16) 2 (15) 2(17) 1

Dyslipidemia 7 (28) 4 (31) 3 (25) 1

Rheumatic disorder 1(4) 0 1(8) 0.48
Atrial fibrillation 7 (28) 2 (15) 5(42) 0.20
Pulmonary disease 1(4) 0 1(8) 0.48

Laboratory parameters on admission:

Hemoglobin [g/l] 13.4 (12.7-14.1) 13.2 (12.7-13.7) 13.95 (12.2-14.85) 0.32
Platelets [10%/1] 206.5 (171.75-352.25) 233 (189-392) 206 (156-308) 0.49
White blood cells [10%/1] 11.22 +4.76 9.58 £3.55 13 £5.39 0.07
Creatinine [umol/l] 74 (60-103) 74 (70-80) 73 (56-124) 0.76
hsCRP [mg/l] 84.7 (12.8-179.8) 12.8 (4.4-96) 131.45 (72.25-189.9) 0.026
Procalcitonin [ng/ml] 0.24 (0.07-0.89) 0.29 (0.07-0.52) 0.21 (0.04-0.97) 0.97
NT-pro-BNP [pg/ml] 3644 (2568-6939) 3399 (691-3644) 6579 (2859-19496) 0.17
hsTnl [ng/ml] 8259 (2501-23527) 8004 (2501-14424) 17543 (2299-25000) 0.25
Maximum hsTnl [ng/ml] 14632 (8849-25000) 13061 (8259-17601) 24263 (11559-25000) 0.17
D-dimer [ng/ml] 11573 (1383-52785) 652 (474-1498) 27327 (5070-78476) 0.042
LDL [mg/dl] 80.88 £36.94 90.67 £39.20 57.40 £15.96 0.09

Data are given as mean + standard deviation, median (interquartile range) or number (percentage). BMI — body mass index, ECG — electro-
cardiogram, GRACE — Global Registry of Acute Coronary Events, hsCRP — high-sensitivity C-reactive protein, hs-Tnl — high-sensitivity
troponin I, LDL-C — low-density lipoprotein cholesterol, LVEF — left ventricular ejection fraction, NT-pro-BNP — N-terminal prohormone of
brain natriuretic peptide.

angiotensin Il receptor blocker (ARBs) were used Discussion

less often by .non—survivors (p = 0.002 and p = The current study was the first to assess the
0.015; respectively), whereas the use of catechol-  GRACE risk scoring system suitability for indi-
amines was the opposite (p = 0.028). viduals with SARS-CoV-2 infection. We found
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Table II. Procedural characteristics and treatment

Variable All patients Survivors Non-survivors P-value
(n=25) (n=13) (n=12)
Symptom onset to reperfusion [min] 170 (123-210) 172 (133-240) 152 (119-201) 0.43
Door-to-balloon time [min] 29 (21-59) 27 (20-74) 30 (23-51) 0.76
Access, n (%):
Radial 23 (92) 12 (92) 11 (92) 1
Femoral 2 (8) 1(8) 1(8) 1
Culprit vessel, n (%):
LMS 1(4) 1(8) 0 1
LAD 11 (44) 4 (31) 7 (58) 0.17
Cx 4 (16) 3 (23) 1(8) 0.59
RCA 9 (36) 5 (38) 4 (33) 1
Three-vessel disease (3VD), n (%) (32) 6 (46) 2(17) 0.20
Baseline TIMI flow grade, n (%):
0-1 11 (44) 4 (31) 7 (58) 0.17
2 12 (48) 7 (54) 5 (42) 0.54
3 2 (8) 2 (15) 0 0.48
Postprocedural TIMI 3 flow grade, n (%) 21 (84) 13 (100) 8 (67) 0.039
GP IIb/Illa inhibitor use, n (%) 5 (20) 2 (15) 3 (25) 0.64
Aspiration thrombectomy use, n (%) 5 (20) 2 (15) 3 (25) 0.64
Stent implantation, n (%) 22 (88) 12 (92) 10 (83) 0.59
Second generation DES, n (%):
Sirolimus 12 (48) 7 (54) 5(42) 0.54
Zotarolimus 4 (16) 1(8) 3 (25) 0.32
Everolimus 6 (24) 4 (31) 2(17) 0.64
Radiation exposure [mGy] 465 (232-732) 333 (231-785) 492 (280-711) 0.61
Therapy, n (%):
ASA + clopidogrel 17 (68) 8 (62) 9 (75) 0.67
ASA + ticagrelor 7 (28) 4 (31) 3 (25) 1
ASA + prasugrel 1(4) 1(8) 0 1
Anticoagulants 18 (72) 7 (54) 11 (92) 0.07
B-blockers 18 (72) 13 (100) 5(42) 0.002
ACEIs/ARBs 15 (60) 11 (85) 4(33) 0.015
Statins 23 (92) 13 (100) 10 (83) 0.22
Steroids 16 (64) 8 (62) 8 (67) 1
Convalescent plasma 1(4) 0 1(8) 0.48
Remdesivir 9 (36) 4 (31) 5(42) 0.68
Catecholamines 11 (44) 3(23) 8 (67) 0.028

Data are given as median (interquartile range) or number (percentage). 3VD — three-vessel disease, ACEl — angiotensin-converting
enzyme inhibitor, ARB — angiotensin Il receptor blocker, ASA — acetylsalicylic acid, Cx — circumflex artery, DES — drug-eluting stent,
GP lIb/llla - glycoprotein IIb/llla, LAD - left anterior descending artery, LMS — left main stem, RCA — right coronary artery, TIMI — thrombolysis

in myocardial infarction.

a strong correlation between the GRACE risk score
and short-term death despite the small sample.
A score > 176 indicated a high risk for patients
with STEMI. Another factor associated with mor-
tality in this group is decreased LVEF as assessed
by transthoracic echocardiography, which is in
line with other observations (in non-COVID-19

patients); however, it was not taken into account
when projecting the GRACE risk score [19, 20]. The
overall mortality in this study was 48%, which is
lower than in a smaller case series in New York
(72%) and slightly higher than was reported in
a case series in Italy (39.3%, 3.6% still hospital-
ized) [8, 9]. When comparing these groups it is
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Figure 2. ROC curve of the total GRACE risk score
for in-hospital mortality. Optimal cutoff and AUC
(with 95% Cl) are presented

worth noting that our patients were older and had
a greater number of comorbidities.

COVID-19 infection is associated with a pro-
thrombotic state [21]. The presence of venous
thromboembolism is related to disease sever-
ity and clinical outcome among patients with

100 000
p = 0.042
1

g

£ 50000

a

L
0 —

Survivors Non-survivors

Figure 1. Comparison of selected parameters.
Medians and interquartile ranges (D-dimer and
hs-CRP) or means and standard deviations (only
LVEF) are presented

COVID-19 [22]. We found that non-survivors
had higher levels of high-sensitivity C-reactive
protein and D-dimers which reflect a system-
ic inflammatory response and prothrombotic
state. These parameters were also found to be
independently associated with a higher mortality
rate in non-COVID-19 patients with STEMI [23,
24]. Choudry et al. reported that there is strong
evidence for a higher load of thrombus in sub-
jects presenting with STEMI and concomitant
COVID-19 infection reflected by higher thrombus
grade, more frequent use of aspiration throm-
bectomy and GP llIb/llla inhibitor when com-
pared with non-COVID-19 patients [15]. When
comparing groups of patients with myocardial
infarction and SARS-CoV-2 in both our and the
above-mentioned study, similar frequency was
observed with regard to the use of aspiration
thrombectomy (20% in our study vs. 17.9%);
however, the use of GP lIb/Illa in our group was
less frequent (20% vs. 59%) but still higher than
in non-COVID-19 patients (9.2%) [15]. Surprising-
ly, the most frequently chosen P2Y12 inhibitor in
our study was clopidogrel (68%), which cannot
be explained by the need for anticoagulation due
to the risk of thromboembolism in the course of
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atrial flutter or fibrillation (28%). However, due to
numerous reports of effectiveness in the preven-
tion of major thromboembolic events and death,
therapeutic doses of heparin were widely used in
our group [25]. In this case, the use of prasugrel
or ticagrelor could have led to major bleeding
compared to clopidogrel [26, 27]. In some cas-
es, clopidogrel was chosen by the patient due to
financial reasons dictated by the large discrepan-
cy in the purchase prices.

Unlike other reports, all of our patients were
treated with primary percutaneous coronary inter-
vention [16]. None of them was treated with fibri-
nolytic therapy. The optimal management strategy
for patients with STEMI and coexisting COVID-19
was a substantial challenge at the beginning of
the pandemic. In order to mitigate the spread of
the disease, before the mechanisms of transmis-
sion of the infection were fully understood, fibri-
nolysis was a procedure recommended by Chi-
nese experts in stable individuals who presented
within 12 h of symptom onset and did not have
any contraindications [28]. However, primary PCl
remained generally the standard of care for STEMI
patients when it could be provided in a timely
fashion [29].

As regards pharmacotherapy, B-blockers and
ACEIs/ARBs were used less often by non-survivors.
There is a confirmed correlation between chronic
ACEI exposure and a milder course of COVID-19
[30]. However, it is worth noting that there was
higher prevalence (though not significant) of car-
diogenic shock in the non-survivor group, and this
contraindication in drug use could translate to the
differences we observed.

It is a relatively small, retrospective, monoeth-
nic, observational study in a single center and
therefore has all the limitations of this kind of
analysis. Although there is no intergroup differ-
ence with regard to sex, women are underrepre-
sented. Female sex is an independent predictor
of hospital mortality in the STEMI population;
however, it does not substantially improve the
discriminative capacity of the GRACE risk score
[31]. Despite the limitations, as far as we know,
this is the first study aiming to assess the GRACE
risk score in individuals with COVID-19 and STEMI.
The clinical relevance of our findings needs to be
further explored in a larger number of patients in
a multicenter study.

In conclusion, as far as we know, this is the first
study to demonstrate a significant correlation be-
tween the GRACE risk score and short-term mor-
tality in the population with STEMI and concurrent
COVID-19. Among other factors, non-survivors
had elevated hsCRP and D-dimer and reduced
LVEF. Postprocedural TIMI 3 flow grade was less
frequently observed in this group. Nonetheless,

our results need to be validated by larger studies
in the future.
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