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Abstract

Aim: The ATRIA score was developed to assess the probability of an ischemic stroke in patients with atrial fibrillation (AF). The
modified ATRIA (M-ATRIA) risk score incorporates predictive risk variables for coronavirus disease 2019 (COVID-19). As a result, we
looked into the association between the M-ATRIA risk score and the risk of in-hospital death in COVID-19 patients.

Materials and Methods: The data of 595 inpatients in the COVID-19 research were evaluated retrospectively and separated into three
groups based on the M-ATRIA scoring system. The M-ATRIA score used the troponin | level as a parameter in place of the proteinuria
criterion in the ATRIA score. Those with a score between 0 and 5 were classified as group 1 (n = 269), those with a score of 6 as group
2 (n = 64), and those with a score of 7 and above were classified as group 3 (n = 162). In-hospital death, mechanical ventilation, and
admission to the critical-care unit were all considered adverse clinical events.

Results: The M-ATRIA risk score associated with adverse clinical events (all, p < 0.001). An M-ATRIA score of 6, an M-ATRIA score
greater than 7, procalcitonin, and C- reactive protein were found to be independent predictors of in-hospital mortality in the multivariate
logistic regression analysis. In the ROC analysis, an M-ATRIA score of 4.5 or above predicted in-hospital mortality with a sensitivity of
90.2% and a specificity of 58.9%.

Conclusion: Regardless of the status of AF, the M-ATRIA risk score computed at admission may be a valuable tool for predicting in-

hospital mortality in COVID-19 patients.

Keywords: Coronavirus disease 2019, M-ATRIA risk score, intensive care unit, in-hospital mortality

INTRODUCTION

Even though the vaccine has been available for roughly two
years, intensive care unit (ICU) admissions and significant
fatality rates are still linked with coronavirus disease
2019 (COVID-19) (1). Most significantly, it affects the
respiratory system and causes severe acute respiratory
distress syndrome (ARDS). However, arterial thrombosis
and venous thromboembolism may also occur during
COVID-19 infection secondary to endothelial injury and
hypercoagulability (2).

In order to predict the risk of thromboembolism and guide
the start of anticoagulant medication in patients with atrial
fibrillation (AF), the risk scores CHADS2, CHA2DS2-VASc,
and ATRIA were developed. In two grand population-based
cohort researches, the ATRIA stroke risk score was shown
to predict thromboembolic events better than the CHA2DS2-
VASc and CHADS: risk scores in non-COVID-19 populations
(3,4). Hypertension (HT), diabetes mellitus (DM), older age,
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chronic heart failure (CHF), and prior ischemic stroke are
all components of these three risk scores. In hospitalized
COVID-19 patients, these comorbidities raise death and
morbidity rates (5). Higher CHA2DS2-VASc risk scores at
the time of hospitalization were observed to predict in-
hospital death in COVID-19 patients (5,6).

Prognostic COVID-19 risk indicators are included in the
ATRIA risk score. There are very few studies carried out the
association between in-hospital mortality and ATRIA risk
score in COVID-19 patients. Proteinuria is a component
of the ATRIA risk score, but now that it is not routinely
obtained on admission in COVID-19 patients, we excluded
this variable from the score calculation. Because greater
troponin | levels are linked to an increased mortality rate
in COVID-19 patients (7), we developed a modified ATRIA
(M-ATRIA) risk score by replacing the proteinuria criterion
with troponin I. There is no data in the literature to our
knowledge about the value of the newly generated M-ATRIA
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score in predicting the prognosis of COVID-19 patients
when the proteinuria criterion in the ATRIA risk score is
altered with troponin I. The study’s goal was to examine
the relation between death and the M-ATRIA risk score in
hospitalized COVID-19 patients, irrespective of AF status.

MATERIAL AND METHOD
Study population

The medical data of 555 individuals who presented to
our tertiary hospital's emergency department and were
hospitalized with COVID-19 between December 1,2020 and
January 1, 2021 were reviewed retrospectively. Data from
the physical examination, clinical assessment, laboratory
workup, and chest computed tomography (CT) imaging
were obtained for all patients. Nasopharyngeal swab
samples were collected from all patients by healthcare
professionals at the time of hospital admission. Those
with a positive PCR (Polymerase Chain Reaction) test
result were considered as confirmed COVID-19 cases.
Those with a negative PCR test result received treatment
for COVID-19 and were comprised in the study if chest CT
scans showed typical signs of COVID-19 infection. These
included unilateral or bilateral sub-segmental, multiple
patchy, or segmental/lobar ground-glass opacities within
the lung that could not be explained by another cause or
condition (8). All patients were diagnosed with COVID-19
as per the WHO interim guidance on COVID-19, and the
decision to admit the patient was in accordance with
national guidelines (8).

COVID-19 patients with dyspnea, a respiratory rate > 30/
min, hypotension, a heart rate of >100 bpm, Pa02<70
mmHg, Pa02/Fi02<300, immunosuppression, acute organ
dysfunction, sepsis, increased troponin level, septic shock,
need for mechanical ventilation (MV), acute bleeding
diathesis, and arrhythmia were admitted to the ICU.
Comorbidities (prior cerebrovascular diseases, CHF, HT,
DM, AF, chronic obstructive lung disease, status renal
disease, cardiovascular diseases, and prior malignancy),
demographic  characteristics, treatment protocols,
mortality data, radiographic findings, and laboratory
parameters were retrieved from the hospital electronic
medical record. Laboratory parameters, obtained within
the first 24 hours of admission, were also used in the study.
Patients who had missing or incomplete laboratory data
and terminal cancer patients were excluded. Data from the
initial admission were used in the study for the 12 patients
who had undergone several hospitalizations in the previous
month.

Patients with lung CT findings and PCR tests that did
not suggest Covid-19 (n=35), incomplete laboratory
data (n=20), and patients with terminal cancer (n=5)
were excluded from the study. This retrospective cohort
analysis included 495 patients (55.6% males, n=275), with
an average age of 67.6+14.7 years.

Patients who presented with neurological symptoms that
persisted for more than 24 hours and imaging techniques
revealed ischemia or bleeding in the brain, were diagnosed
as stroke. Transient ischemic attack was characterized
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as a temporary neurological dysfunction lasting less
than 24 h with associated symptoms. Hypertension was
regarded as having a blood pressure of = 140/90 mmHg
or being treated for HT. Having DM was based on having a
fasting blood glucose level of 2126 mg/dL or having DM by
diagnosis. CHF was described by a left ventricular ejection
fraction of <40%. eGFR was calculated as follows:

186 * (age -%2%) * (plasma creatinine ~'1%) * (0.742 if
female)

Ethics statement: Approval was acquired from Clinical
Research Ethics Committee for the current study. (Date:
16/02/2021, Decision no: 2021/02-11). The research
adheres to the Declaration of Helsinki Principles

Scoring system

Prior ischemic stroke and older age are the two most
significant risk variables for the ATRIA scoring algorithm.
This scoring system was adapted in this study (Table 1).
For patients without prior stroke, scoring according to age
is done as follows; =85: 6 points, 75-84: 5 points, 65-74:
3 points, <65: 0 points. For patients with a prior stroke,
scoring according to age is done as follows; 85: 9 points,
65-84.7 points, <65: 8 points. In addition, 1 point each was
assigned for female gender, DM, CHF, HT and eGFR< 45
mL/min/1.73 m? irrespective of prior stroke (3).

Table 1. Risk factors used in Modified ATRIA Risk Score

Points without  Points with

Risk factors prior stroke prior stroke
(points) (points)

Age, years
>85 6 9
75-84 5 7
65-74 3 7
<65 0 0
Female sex 1 1
Chronic heart failure 1 1
Diabetes mellitus 1 1
Hypertension 1 1
eGFR <45 mL/min/1.73 m? or ESRD 1 1
*Troponin | 1 1

ESRD: end-stage renal disease
* Elevated troponin | (> 0.023 ng/mL) was assigned a score of 1

The proteinuria feature of the original ATRIA score
was purposefully replaced with troponin | to improve
the prediction of death in COVID-19 patients because
increased troponin | is known to be a significant predictor
of mortality in hospitalized patients due to COVID-19 (7).
Elevated troponin | (> 0.023 ng/mL) was assigned a score
of 1. This new score was designated as the modified ATRIA
(M-ATRIA) score.

The study population was divided into three groups based
on the M-ATRIA risk score due to the stratification of the
ATRIA score into high (7 to 15 points), moderate (6 points),
and low (0 to 5 points) risk categories (3). Group 1 had
scores ranging from 0 to 5 (n = 269), Group 2 had scores
ranging from 6 to 64, and Group 3 had scores ranging from
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7 to 162. As adverse clinical outcomes, admission to the
ICU, invasive MV, and in-hospital mortality were identified.

Statistical analysis

Inthe study, the minimum total sample size was determined
according to a power of 0.85 with moderate effect size.
An additional 15% more of power analysis was included in
the research. Numerical data distribution was determined
by the Kolmogorov-Smirnov test. Baseline parameters
were displayed as median (quartile deviation) or mean #
standard deviation, and categorical variables were offered
as numbers and percentages. The Kruskal-Wallis test
with post-hoc analysis (Dunn's test) was used to evaluate
continuous variables, while Pearson’s chi-squared test was
used to analyze categorical variables. In the univariate
binary logistic regression analysis, predictors were those
thought to be closely associated to in-hospital mortality. To
exclude statistically non-significant predictors and avoid a
multicollinearity problem, forward variable selection was
applied to the predictors in the multivariate binary logistic
regression analysis.

The model’s fit was evaluated using the Hosmer-Lemeshow
test. Each independent variable’s odds ratio (OR) and 95%
Cl were calculated. Kaplan-Meier curves were also plotted.
To explore the relation between in-hospital survival and
M-ATRIA score groups, the log-rank test was used. Finally,
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using the Youden’s Index to assess in-hospital mortality,
the analysis of receiver operating characteristic (ROC)
curve was used to determine the ideal cutoff value for the
M-ATRIA scores, troponin |, and C-reactive protein (CRP)
levels. Statistically significant difference was regarded as
a p value less than 0.05. Statistical computations were
carried out using SPSS (v23.0, IBM Corp., Chicago, IL, USA)
and R software (version 4.0.5 R Core Team).

RESULTS

In the study population, the mortality rate was 24.6% and
the likelihood of admission to an ICU was 28.5%. Table 2
lists the demographic characteristics and comorbidities
of the study sample, stratified by M-ATRIA risk scores.
There were no significant differences in malignancy,
length of hospital stay, or chronic lung disease across the
groups (all p>0.05). Patients who have the high M-ATRIA
score were older with a higher frequency of CHF, DM, HT,
cerebrovascular disease, chronic kidney disease, elevated
troponin 1, reduced eGFR, coronary artery disease (all,
p<0.001), and AF (p=0.005). From a low M-ATRIA tertile
or score to a high M-ATRIA tertile or score, in-hospital
mortality, ICU admission, and MV rose progressively (all,
p<0.001). Group | had an in-hospital mortality rate of 9.7%,
Group 2 had a rate of 29.7%, and Group 3 had a rate of
47.5%. Except for favipravir treatment (p=0.021), inpatient
treatments were comparable among the three groups.

Table 2. Comorbidities and demographic features of the study population

Group 1:

M-ATRIA= 0-5 (n=269)
Age (years) 59 (8)
M-ATRIA score components
Age 285, n (%) 0(0 %)
Age 75-84, n (%) 11 (4.1%)
Age 65-74,n (%) T7(28.6 %)
Age <65, n (%) 181 (67.3 %)
Female, n(%) 99 (36.8 %)
Chronic heart failure, n (%) 4(1.5%)
Diabetes mellitus, n (%) 65 (24.2 %)
Serebrovascular disease, n (%) 2(0.7%)
Hypertension, n (%) 90 (33.5 %)
Increase in troponin I, n (%) 25(9.3 %)
eGFR<45, n (%) 15 (5.6 %)
Chronic lung disease, n (%)** 60 (22.3 %)
Chronic kidney disease, n (%) 16 (5.9 %)
Coronary artery disease, n (%) 50 (18.6 %)
Malignancy, n (%) 19 (7.1 %)
Atrialfibrillation, n (%) 9(3.3%)
Length of hospitalstay, days 8(3.5)

Treatments, n (%)

Favipiravir 241 (89.6 %)
Antibiotics 253 (94.1 %)
Glucocorticoids 269 (100 %)
Mechanicalventilation, n (%) 20 (7.4 %)
Admissionto ICU, n (%) 53 (19.7 %)
In-hospitalmortality, n (%) 26 (9.7 %)

Group 2: Group 3:
M-ATRIA= 6 (n=64)  M-ATRIA >7 (n=162) LIS
75.7+ 6.4 80 (6.0) <0.001*
4(6.3%) 50 (30.9 %) <0.001
38 (59.4 %) 84 (51.9 %) <0.001
20 (31.3 %) 22 (13.6 %) 0.001
2(3.1%) 6(3.7%) <0.001
24 (37.5%) 97 (59.9 %) <0.001
1M(17.2%) 37(22.8 %) <0.001
22 (34.4 %) 68 (42.0 %) <0.001
2(3.1%) 39 (24.1 %) <0.001
26 (40.6 %) 124 (76.5 %) <0.001
14(21.9%) 55 (34.0 %) <0.001
17(26.6 %) 46 (28.4 %) <0.001
20 (31.3%) 45 (27.8 %) 0.223
13(20.3 %) 34(21.0 %) <0.001
16 (25 %) 94 (58.0 %) <0.001
10 (15.6 %) 14 (8.6 %) 0.092
6(9.4 %) 18(11.1%) 0.005
10.5 (5.5) 9(5.0) 0.050
58 (90.6 %) 157 (96.9 %) 0.021
60 (93.8 %) 152 (93.8 %) 0.993
64 (100 %) 162 (100 %) -
14(21.9%) 47 (29 %) <0.001
21(32.8 %) 67 (41.4%) <0.001
19(29.7 %) 77 (47.5%) <0.001

*p<0.001 between Group 1 and 2, p<0.001 between Group 1 and 3, p= 0.102 between Group 2 and 3; **Chronic lung disease was defined as choronic

obstructive pulmonary disease, chronic bronchitis or asthma; eGFR; estimated glomerular filtration rate, ICU; intensive care unit.

109



DOI: 10.37990/medr.1176092

Table 3 displays the laboratory results of the patients
enrolled in the study. Urea, creatinine, CRP, procalcitonin
and fibrinogen levels increased as the M-ATRIA score
or tertile increased (all, p<0.05). On the other hand, the

levels of hemoglobin, eGFR, and albumin declined from a
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higher to a lower M-ATRIA tertile or score (all, p<0.001).
Patients with low M-ATRIA tertiles or scores had lower
levels of troponin | and D-dimer than patients with high and
intermediate M-ATRIA tertiles or scores (all, p<0.001).

Table 3. Risk factors used in Modified ATRIA Risk Score

Haemoglobin, g/dL

Platelet count, (x10°%/pL)

White blood cell count, (x10%/pL)

Procalcitonin, ug/L

Serum creatinine, mg/dI

eGFR, mL/min/1.73 m?

Urea, mg/dL

Alanine aminotransferase, U/L

Aspartat aminotransferase, U/L

Albumin, g/dL

Fibrinogen, g/L

C-reactive protein, mg/dL

D-Dimer, pg/L

Troponin |, pug/L

Group 1:

M-ATRIA= 0-5 (n=269)

13.9(1.1)

217.0 (55.5)

7.6(2.2)

0.2(0.1)

0.9(0.2)

83.1(21.9)

31.0(10.0)

27.0(11.0)

34.0 (11.5)

3.3(0.4)

495.4 (94.0)

7.0 (4.4)

986.0 (421.3)

0.01 (0.00)

*P value <0.05; eGFR: Estimated glomerular filtration rate

Group 2:

M-ATRIA= 6 (n=64)

1324124

185.0 (60)

7.7(3.9)

0.2 (0.1)

1(0.4)

74.7(21.0)

50.5 (26.2)

22.5(10.3)

33.5(14.8)

2.9(0.4)

496.7 (92.5)

8.8 (3.7)

1425 (654.2)

0.01 (0.00)
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Group 3:

M-ATRIA 27 (n=162)

12.8+1.2

202.5 (59.6)

8.7(3.2)

0.3(0.3)

1.1(0.4)

60.4 (17.6)

53.0 (25.5)

22.0(9.6)

37.5(14.3)

3.0(0.3)

538 (116.3)

8.9 (5.5)

1350 (670.5)

0.01 (0.03)

p-value

<0.001*

0.021*

0.130

0.001*

<0.001*

<0.001*

<0.001*

0.003*

0.709

<0.001*

0.037*

0.004*

<0.001*

<0.001*

Post-Hoc Analysis
p-value

Group 1 vs 2: 0.092
Group 1 vs 3:<0.001*
Group 2 vs 3: 0.562
Group 1 vs 2: 0.025*
Group 1vs 3: 0.372
Group 2 vs 3: 0.444

Group 1 vs 2: 0.092
Group 1 vs 3:<0.001*
Group 2 vs 3: 0.562
Group 1vs 2: 1.000
Group 1 vs 3:<0.001*
Group 2 vs 3: 0.233
Group 1 vs 2: <0.001*
Group 1 vs 3:<0.001*
Group 2 vs 3: 0.060
Group 1 vs 2: <0.001*
Group 1 vs 3:<0.001*
Group 2 vs 3: 0.699
Group 1vs 2: 0.101
Group 1 vs 3: 0.005*
Group 2 vs 3: 1.000

Group 1 vs 2: 0.007*
Group 1 vs 3:<0.001*
Group 2 vs 3: 1.000
Group 1vs 2: 0.092
Group 1 vs 3:<0.001*
Group 2 vs 3: 0.562
Group 1vs 2: 1.000
Group 1 vs 3: 0.045*
Group 2 vs 3: 0.227
Group 1 vs 2: 0.007*
Group 1 vs 3:<0.001*
Group 2 vs 3: 1.000
Group 1vs 2: 0.031*
Group 1 vs 3:<0.001*
Group 2 vs 3: 0.319
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In order to evaluate the independent determinants of
in-hospital mortality, logistic regression analysis was
utilized. According to the results of the multivariate logistic
regression analyses, the COVID-19 patients’ M-ATRIA score
of 6 (OR, 3.598; 95%Cl, 1.748-7.404; p=0.001), M-ATRIA
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score of 7 (OR, 6.825; 95%Cl, 3.977-11.883; p<0.001),
procalcitonin (OR,1.957; 95%Cl, 1.370-2.94; p<0.001), and
the CRP level (OR,1.100; 95% CI, 1.061-1.141; p<0.001)
were all independently predictive factors for in-hospital
death (Table 4).

Table 4. Univarite and Multivariate Binary Logistic Regression Analysis to Identify the Predictors of in Hospital Mortality

Univarite OR 95% Confidence interval  p-value
M-ATRIA score groups <0.001
M-ATRIA 6 3.946 (2.016-7.724) <0.001
M-ATRIA 27 8.467 (5.091-14.079) <0.001
Age (years) 1.060 (1.041-1.079) <0.001
Sex (male) 1.380 (0.909-2.096) 0.130
Troponin | 27.470 (8.960-84.214) <0.001
C-reactive protein 1.120 (1.084-1.157) <0.001
Procalsitonin 2.710 (1.909-3.848) <0.001

The ROC curve analysis showing the predictive accuracy
of CRP, troponin |, and the M-ATRIA risk score for in-
hospital mortality is displayed in Figure 1. ROC curve
analysis showed that a CRP level of 11.8 mg/dL had a
sensitivity of 56.6% and a specificity of 78.2% in predicting
in-hospital mortality, whereas a troponin | value of 0.019
pg/L had a sensitivity of 58.2% and a specificity of 93%.
An M-ATRIA score of 4.5 and over had a sensitivity of
90.2% and a specificity of 58.9% for the prediction of in-
hospital mortality (area under curve [AUC] 0.70, 0.76, 0.80,
respectively). Figure 2 displays the Kaplan-Meier survival
curves based on M-ATRIA scores. Mortality significantly
increased in patients with a higher M-ATRIA score (p<0.001
by the log-rank test). Significantly higher survival rates
were seen in patients with M-ATRIA risk scores under 6.

ROC Curve

Source of the
urve
—M-ATRIA
=~ Troponin |
— C-reactive protein
Reference Line

Sensitivity

M-ATRIA Troponin | C-reactive protein

Sensitivity 902 58.2 56.6
Specificity 589 93 782
0z AucC 0.80 0.76 0.70
Cut-off 45 0.019 118
pvalue <0001  <0.001 <0.001
0.0 T T T T
00 0.2 04 06 08 10
1 - Specificity

Figure 1. ROC analysis showing the predictive accuracy of Troponin-I,
M-ATRIA score, and C-reactive protein for in-hospital mortality.
AUC: Area under the curve
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Multivariate OR 95% Confidence interval  p-value
M-ATRIA score groups <0.001
M-ATRIA 6 3.598 (1.748-7.404) 0.001
M-ATRIA 27 6.875 (3.977-11.883) <0.001
1.100 (1.061-1.141) <0.001
Procalsitonin 1.957 (1.370-2.794) <0.001
Constant 0.032 - <0.001
Survival Functions
M-ATRIA Groups
10 Log-rank Chi-square=47 715, p-value<0.001 ——
D7 il
+- score 0.5.censored
oty
censored
.§ 064
£
o
E
3
024
001

| T T ) T

J ¥ T L] T L T T ¥
25 30 35 40 45 SO S5 60 &5 70
Length of Hospital Stay

Means and Medians for Survival Time

Mean Median

Std. 95% Confidence Std. 95% Confidence
Estimate |Error Estimate|Error Interval
Lower Upper
Bound Bound

Interval
Lower |Upper
Bound |Bound

M-ATRIA GROUPS

score 0-5 36.644 |4.590 27.648 |45.640 |40.000 |6.761 |26.749 53.251
score 6 22914 2,130 18.740 |27.089 |19.000 [3.176 |12.775 25.225
score7 and over |17.682 |1.362 |15.012 |20.352 |16.000 |0.876 |14.284 17.716
Overall 25.923 |2.048 [21.910 [29.937 |22.000 [1.530 |19.000 25.000

Figure 1. ROC analysis showing the predictive accuracy of Troponin-I,
M-ATRIA score, and C-reactive protein for in-hospital mortality.

DISCUSSION

The results of the study showed that, independent of AF
status, the M-ATRIA score predicted in-hospital mortality
in COVID-19 hospitalized patients. Patients with a higher
M-ATRIA score also had increased rates of adverse events.
In addition, the ROC curve analysis affirmed the prognostic
performance of the M-ATRIA score.

COVID-19 primarily impresses the respiratory tract, but can
also lead to multi-organ dysfunction and is related to high
mortality rates and ICU admission. Although the in-hospital
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mortality among patients in ICU is lower compared to the
initial stages of the pandemic, it remains high (35.5%) (9).
As a result, predicting in-hospital mortality of COVID-19
patients on admission is crucial for devising a treatment
strategy and reducing adverse events. Elevated troponin |
levels, an indicator of myocardial injury, have been linked to
higher in-hospital mortality in this population (7). Similarly,
elevated troponin | was an independent and strong
indicator of in-hospital mortality in this study. The risk
scoring prediction of M-ATRIA for in-hospital mortality was
improved by substituting the troponin | levels measured at
admission for the evidence of proteinuria in the ATRIA risk
score.

Advanced age, a factor in the M-ATRIA score, is linked
to higher rates of morbidity and mortality in COVID-19
patients. Age-related increases in COVID-19-related
hospital mortality and ICU admissions (10). In high-income
countries, individuals under 65 years of age have a 16 to
100-fold lower risk of death from COVID-19 compared
to those over 65 years of age (11). In a meta-analysis of
COVID-19 reports published until May 7, 2020, mortality
rates of 9.5% in patients aged 60 to 69 years, 22.8% in
patients aged 70 to 79 years, and 29.6% in patients over
the age of 80 were reported (12). A separate study reported
a mortality rate of 38.8% among hospitalized individuals
with COVID-19 over the age of 85 (13). Thus, risk scores
that include particularly high-risk elderly individuals can be
used to predict mortality while managing the pandemic.

In a study involving 349 COVID-19 patients, non-survivor
patients had a higher CHA2DS2-VASc score versus the
survivor group. It has been shown to be an independent
predictor of death to have a score of three or higher
(6). Cetinkal ve ark. (5) examined the link between the
CHA:2DS2-VASc score on admission and mortality in
patients with COVID-19. The researchers arbitrarily altered
the sex category from female to male and showed that
their modified CHA2DS2-VASc score predicted in-hospital
mortality independently. Ruocco et al. (13) discovered that
the CHA2DS2-VASc score was an independent predictor of
in-hospital mortality in a study of 864 COVID-19 patients.

Similar variables are included in the ATRIA and CHA2DS»-
VASc risk score models. The ATRIA risk score system is
more detailed than the CHA2DS2-VASc risk score system
in terms of age. For example, when calculating the
CHA2DS2-VASc score, all age groups over the age of 75
are assigned the same score, whereas in the ATRIA risk
scoring, individuals aged = 85 years are assigned a higher
score than those aged = 75 years. This may increase the
power of the ATRIA score to predict mortality of COVID-19
patients. Additionally, renal dysfunction, a variable linked
to a higher mortality in COVID-19 patients, is also included
in the ATRIA score (14). This confers greater power to the
score for predicting mortality. Aciksari et al. (15) reported
in their study that the M-ATRIA risk score predicted in-
hospital death in individuals hospitalized due to COVID-19
(AUC:0.74). In the current study, the M-ATRIA score
predicted in-hospital mortality (AUC: 0.80). In contrast to
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their work, adding the troponin value to the M-ATRIA score
increased test discriminative power in our study.

Other components of the M-ATRIA score, such as DM,
heart failure, prior stroke, and low eGFR, have been linked
to higher in-hospital mortality in COVID-19 patients,
according to studies (5-7). Likewise, comorbidities were
more common in patients with a higher M-ATRIA score
in our study. Although the underlying mechanism for
increased severity and mortality observed in patients with
comorbidities has not been elucidated, a number of factors
were implicated, such as an impaired immune system, low-
grade inflammation, and an elevated level of angiotensin
converting enzyme 2 (ACE-2) receptors (16-18).

Arterial and venous thrombotic events (i.e, pulmonary
embolism, acute limb ischemia, deep venous thrombosis,
acute mesenteric ischemia, acute myocardial infarction,
ischemic stroke) due to immobilization, hypoxia,
hypercoagulability, and endotheliosis are a prominent
reason of increased mortality and morbidity in patients
with COVID-19 (19). Patients experience poor outcomes
despite the administration of adequate anticoagulant
therapy (20). Thrombotic complications were observed
more frequently in elderly patients with comorbidities (21).
A meta-analysis of 20 studies involving 1.988 patients
reported a venous thromboembolism prevalence of 31%
(22). In a meta-analysis of 27 studies examining arterial
thrombotic events in COVID-19 patients, about 4.4% of
critically ill COVID-19 patients admitted to ICU developed
arterial thrombosis (21). In a recent meta-analysis of 42
studies, Malas et al. (23) reported that both venous and
arterial thromboembolism rates were high in COVID-19
patients and thromboebolism was associated with a
high risk of mortality. Caro-Codén et al. (20) reported that
the modified CHA2DS2-VASc and CHA2DS2-VASc scores
anticipate all-cause mortality in COVID-19 patients. The
researchers reported that 3.8% of patients presented
with a definite thrombotic event, and these scores do not
predict thromboembolic events. Therefore, according to
the findings of our study, it may be speculated that there
is a relationship between M-ATRIA score and COVID-19
mortality.

The ATRIA score is a validated risk score model that has
been improved to foretell the thromboembolism risk for
AF patients. In non-valvular AF, endothelial dysfunction,
local/systemic inflammation, and hypercoagulability play
arole in thrombus formation (3,4). Although thrombosis in
COVID-19 patients occurs through the same mechanisms,
the main underlying pathophysiology is thrombo-
inflammation induced by excessive immune activation and
cytokine storm (2).

Risk prediction models have been developed for disease
progression, ICU admission, and death in COVID-19
patients. Most models are web-based risk scores or
nomogram models consisting of clinical, laboratory
and radiological components (24,25). When externally
validated, some of the risk prediction models were
found to be weak in predicting mortality. EI-Solh et al.
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(26) performed external validation of four risk prediction
models to anticipate mortality among COVID-19 patients in
a large cohort. The authors noted that all of the prognostic
models showed poor performance and a high risk of bias.
In COVID-19 patients, the M-ATRIA score of admission time
may be utilized as a practical and simple tool to predict
in-hospital mortality. The variables that are incorporated
into the score also predict mortality, and thromboembolic
complications increase mortality.

Limitations of the Study

Now that the study had a retrospective design, the
comorbidity status of the participants may not have been
fully captured. Adequate imaging studies for ischemic/
embolic events may be lacking because of the prioritization
of isolation protocols and to prevent the spread of infection.
Since we could not determine the exact number of patients
experiencing ischemic/embolic events, we were not able
to peruse the association between the M-ATRIA score and
ischemic/embolic events. In addition, the CHA2DS2-VASc
scores of the patients were not calculated, and therefore
we could not compare the two scores. Also, in contrast
to the CHA2DS2-VASc, the ATRIA score model does not
include vascular disease as a parameter, which is familiar
to be associated with mortality.

CONCLUSION

We determined that the M-ATRIA score may be utilized to
recognize patients with a high mortality risk on admission.
During the COVID-19 pandemic, making simple, practical
scores available to clinicians may be helpful in decision-
making and reducing adverse events for high-risk patients
requiring ICU monitoring in rapidly deteriorating COVID-19
patients. Prospective studies on larger patient populations
are warranted to corroborate our findings.
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