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Abstract

Purpose. Coronary artery calcium (CAC) score is a proven prognostic cardiovascular risk marker. This study aims to
evaluate the prognostic value of the CAC score on standard chest computed tomography (CT) in patients admitted with
COVID-19.

Methods. Enrolled were 144 consecutive patients (mean age 67 + 13 years, 60.7% male) hospitalized with COVID-19.
On admission, they underwent chest CT to detect and assess pulmonary involvement. Two investigators blinded to
the patients clinical data calculated the CAC score. Patients were followed up for an average of 14 months after their
admission.

Results. 106 patients (mean age 66.5 + 14 years, 66% male) had image quality sufficient for analysis. The median CAC
score was 249 Agatston units (interquartile range 658). Thirty-three deaths were recorded in the study group during
the follow-up period. The median values of CAC of patients who died during the study period and of the survivors were
592 (interquartile range 1492) and 142 (interquartile range 400), respectively. The difference in CAC between these
two subgroups was statistically significant (p = 0.0001). The area under the ROC curve for the CAC score for predicting
all-cause mortality was 0.738 (95% Cl 0.644 to 0.819). The criterion with the highest prognostic accuracy was CAC
score > 143 Agatston units (positive and negative predictive values were 44.4% and 88.4%, respectively). The presence
of this criterion was associated with a 3.9 times higher relative risk (RR) of mortality (95% ClI 1.66-9.41; p = 0.0019).

Conclusion. CAC score measurement based on standard chest CT performed on admission in patients with COVID-19 to
detect pulmonary involvement is a prognostic marker of increased mortality during the 14-month follow-up.
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Introduction

Since the onset of the COVID-19 pandemic, scientific
literature has extensively examined risk factors related to
clinical outcomes and the pathophysiology of COVID-19
pneumonia. Factors previously regarded as the most com-
mon and best-linked risk factors for adverse outcomes in
patients with cardiovascular diseases, such as age, arterial
hypertension, obesity, and diabetes mellitus, have quickly
been recognized to be strongly associated with the clinical
course and outcomes in patients with COVID-19, mainly
affecting the risk of hospitalization and mortality [1-3].
Patients with COVID-19 suffering from a high disease
burden routinely undergo non-gated computed tomograp-
hy (CT) analysis to assess disease severity. These CT ima-
ges can be used to evaluate the severity of coronary artery
calcium (CAC) as a marker of atheromatous plague burden
in the coronary arteries. The prognostic significance of this
marker for patients with stable coronary artery disease
(CAD) has been established [4]. Analysing CAC scores on
non-gated CT images in patients with other diseases with
lung involvement, for example, chronic obstructive pulmo-
nary disease (COPD), has been shown to closely correlate
to gated CT studies in assessments of the CAC burden [5].
Several cohort studies and subsequent meta-analyses
have associated CAC scoring with an increased risk of all-
-cause mortality in patients infected with COVID-19 pneu-
monia [6]. The ability to risk stratify patients with the help
of CAC analysis into groups at greater risk for needing me-
chanical ventilation or intensive care has been assessed
[7]. The exact pathophysiologic mechanism behind this ob-
servation and what Agatston score cut-off point should be
used remains a topic of discussion. The precise role of this
tool in stratifying at-risk patients remains to be determined.

Methods and Materials

Between October and December 2020, 144 patients were
admitted to the study department because of COVID-19
infection confirmed by real-time polymerase chain reaction
(RT-PCR). All patients underwent standard non-gated chest
CT at admission and were scanned with a Siemens SOMA-
TOTOM top-64 row device (with a slice thickness of 1.5
mm). Patients were then followed up for a mean time of 14
months. Thirty-seven patients had to be excluded due to
insufficient image quality. The main primary endpoint was
identified as all-cause mortality till January 2022.

Two different observers assessed CAC scoring. During
observation, each of the four coronary arteries was iden-
tified: Right Coronary Artery (RCA), Left Main Artery (LMA),
Left Anterior Descending Artery (LAD), and Left Circumflex
Artery (LCx). CAC analysis was performed offline (vitrea
FX software) using CAC score analysis software (V score).
Agatston score was defined as a visual score of 2 different

Figure 1. Coronary Artery Calcium (CAC) analysis on a native CT
scan

voxels with a density of more than 130 hertz. Figure 1 de-
monstrates the measurement of the CAC score on a na-
tive CT scan.

The clinical characteristics of the patients were recor-
ded according to the medical records of the hospital da-
tabase. Clinical characteristics of the patient cohort are
included in Table 1.

The present study was approved by the Ethics Com-
mittee of the Medical University of Lodz (12.06.2022/
RNN/166/22/KE) and was performed according to the
Declaration of Helsinki principles. As this study was retro-
spective, informed consent was waived.

Statistical analysis

Continuous variables are presented as the mean + standard
deviation (SD) if the sample is normally distributed. If the
distribution is not normal, values are given as medians,
including the lower and upper interquartile ranges. To
compare medians, the Mann-Whitney test was used. The
Receiver-Operating Characteristics (ROC) curve analysis was
performed with the obtained Agatston scores to establish
a criterion with the highest prognostic value. This criterion
allowed us to classify the patients into two groups. Relative
risk (RR) for patients with an Agatston score higher than
the cut-off point was calculated for death, use of catechol-
amines, intubation, and intensive care unit (ICU) admission.

The Cox proportional hazards regression model was
used to analyse the impact of various factors on mortal-
ity rates. Findings were deemed significant at a p-value of
less than 0.05. All statistical analyses were conducted us-
ing MedCalc software, version 12.2.1.

Results

Of the 144 patients (mean age 67 + 13 years, 60.7% male),
106 patients (mean age 66.5 + 13.5 years, 63% male) had
image quality sufficient to be included in the analysis. The
median CAC score was 249 Agatston units (interquartile
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Table 1. Patient clinical characteristics according to a Coronary artery calcium (CAC) score greater or lower than 143 Agatston units. The

Number
(prevalence%)

Clinical Characteristics

(n =106)

Diabetes Mellitus type 2 28 (26.4)
Arterial Hypertension 61 (57.6)
Hypercholesterolemia 36 (34)
Obesity 13 (12.3)
Smoking 9(8.5)
Hypertriglyceridemia 1(0.9)
Congestive Heart Failure 32(30.2)
Coronary Artery Disease 40 (37.7)
Previous Myocardial Infarction 20(18.9)
STEMI 10 (9.4)
NSTEMI 10 (9.4)
Atrial Fibrillation 23 (21.7)
Pulmonary Disease 12 (11.3)
COPD 4(3.8)
Asthma Bronchiale 5(4.7)
Chronic Kidney Disease 8(7.5)
Previous Interventions
Coronary Artery Bypass Graft 8(7.5)
Percutaneous Coronary Intervention 27 (25.5)
Implantable Cardioverter Defibrillator 2(1.9)

Cardiac Biomarkers
NT-pro BNP (pg/mL)
Troponin T (ng/ml)

highest values of cardiac biomarkers recorded during the hospital stay are expressed as the medians (1% and 3" quartile)

CAC < 143 CAC > 143 P value
(n=43) (n=63)
6 29 0.001
29 53 0.075
12 20 0.835
8 0.179
B 0.98
0 <0,001
8 25 0.037
7 33 0.00037
4 16 0.068
4 6 0.764
0 10 < 0,001
10 21 0.367
4 8 0.818
2 2 0.899
1 4 0.622
2 6 0.577
0 8 <0,001
21 0.043
2 < 0,001
534 (107-1944) 1311 (480-3740) 0.0065
0.025 (0.009-0,088) 0.04 (0.02-0.317) 0.0451

COPD — chronic obstructive pulmonary disease; NSTEMI — Non-ST elevation myocardial infarction; NT-proBNP — B-type Natriuretic peptide; STEMI — ST-elevation myocardial infarction

range 658). Overall, 33 patients (31%) in the present study
group met the primary endpoint. Out of the 33 patients,
24 died during the initial hospital stay after an average of
11 days. Out of these 24 patients, 20 patients (83%) died
because of respiratory insufficiency in the intensive care
unit due to COVID-19 pneumonia, with 3 patients (12%)
being additionally diagnosed with an acute heart failure
exacerbation and one patient (0.5%) with a chronic ob-
structive pulmonary disease (COPD) exacerbation. Of the
patients who were followed up beyond the initial hospital
stay, 4 patients died from various causes (meningitis,
stroke, oesophagus carcinoma, myocardial infarction). In
5 patients, the cause of death is unknown.

The most common comorbidity in the patient population
is arterial hypertension (57.6%), followed by hypercholester-
olemia (34%) and diabetes mellitus type 2 (DM2; 26.4%).

ROC curve analysis was employed to evaluate the prog-
nostic significance of CAC scoring (Figure 2). The area un-
der the ROC curve for the CAC score for predicting all-cause

mortality was 0.738 (95% Cl 0.644 to 0.819). The criteri-
on with the highest prognostic accuracy was CAC score >
143 Agatston units (positive and negative predictive values
were 44.4% and 88,4%, respectively), with a sensitivity of
84.8% and a specificity of 52.1%. Baseline clinical charac-
teristics according to the patient’s CAC are listed in Table 1.
63 out of the 106 patients included in the study had a CAC >
143 Agatston units. These patients were more likely to have
DM2 (p = 0.001) and CAD (p = 0.00037) than the 43 pa-
tients with a CAC score of less than 143 Agatston units.

Calculated were the RR of death, use of catechol-
amines, intubation, and ICU admission in patients with an
Agatston score greater than 143. Patients with an Agatston
score of greater than 143 had a significantly increased
risk of mortality 3.9 (95% Cl 1.66-9.41) p = 0.0019, but
no significant increase in RR of the use of catecholamine
1.62 (95% Cl 0.80-3.83) p = 0.16; intubation 1.71 (95%
Cl 0.72-4.05) p =0.22, and ICU admission: 1.82 (95% CI
0.69-4.83) p = 0.22 during hospitalization.
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Figure 2. Receiver-operator characteristics (ROC) curve analysis.
The Criterion with the highest prognostic accuracy was an Agatston
score of more than 143.

On multivariable analysis using the Cox proportion-
al hazard regression model, the CAC score of more than
143 Agatston units, maximum troponin level, and maxi-
mum level of pro-b-type natriuretic peptide (NT-proBNP)
were compared. Maximum Median Troponin and NT-proB-
NP values recorded during the hospital stay (according to
the CAC score) are shown in Table 1. A CAC score of more
than 143 Agatston units conferred a hazard ratio (HR) of
10.64 (1.93-58.595% Cl) p = 0.0068, compared to tropo-
nin witha HR of 2.62 (1.21-5.71) p = 0.02 and NT-proBNP
with a HR of 1 (0.99-1) p = 0.5026.

Discussion

CAC scoring is an established cardiovascular risk marker,
and its predictive value supports decision-making in
asymptomatic patients with cardiovascular risk factors
[8]. Since the start of the COVID-19 pandemic, numerous
research findings have indicated that patients with a higher
CAC score who are admitted with COVID-19 pneumonia
tend to have a poorer prognosis. In a comprehensive
review of 18 studies, a high CAC score was associated
with a higher rate of adverse outcomes [9]. In the patient
population, a similar relationship was observed. The RR of
a patient with an Agatston score of over 143 to meet the
primary outcome (14-month mortality) was 3.9. In a small
study of 89 patients admitted with COVID-19, Fervers et
al. [10] showed that combined CAC scoring with age and
clinical risk factors yielded the most accurate predictor
of ICU admission. However, in the following study, a CAC
score of over 143 Agatston units could not statistically

significantly predict an increased RR of admission to the
ICU or intubation.

Notably, all the patients in the study population unde-
rwent routine chest CTs to assess the severity of lung chan-
ges due to COVID-19 pneumonia. Many studies previously
assessing CAC in this scenario used a visual assessment
carried out by experienced observers to quantify plaque bur-
den subjectively [11, 12]. However, a universally accepted
method of CAC assessment to predict worse outcomes in
patients with COVID-19 has yet to be defined.

Interestingly, Govino et al. [13] suggest using an Agat-
ston score of more than 400 as a cut-off point. An Agat-
ston score of over 400 units indicates severe calcification
of the coronary arteries [14]. In the present patient popu-
lation, the criterion with the highest AUC was a CAC sco-
re of more than 143 Agatston units. This implies that in-
dividuals with underlying CAD are at an increased risk of
experiencing severe complications from COVID-19 pneumo-
nia. As chronic coronary syndrome (CCS) becomes more
and more prevalent in the population, the prevalence of
mild to moderate CAC also increases [15]. Indeed, 63 out
of the 106 patients in the present study group had a CAC
score of more than 143. Patients with a CAC score of over
143 were more likely to suffer from DM type 2, congestive
heart failure, and CAD. The relationship of lower CAC with
better outcomes was also demonstrated by Luchian et al.
[16], who found that the absence of CAC had a negative
predictive value for a major adverse cardiovascular event
(MACE), independent of other cardiovascular risk factors.

In the present study group, 24 out of 34 deaths oc-
curred during the first fourteen days of hospitalization. On
multivariate analysis, a CAC score of more than 143 yiel-
ded a predictor of mortality with a HR of 10.64. In a large
Italian cohort study on patients with COVID-19 undergoing
non-gated CT scan and CAC analysis, patients with subclini-
cal CAD had a 10-day in-hospital mortality of 27.3%, accor-
ding to the Agatston score [18].

Other cardiovascular markers to access outcomes in
patients with COVID-19 have also been previously asses-
sed, and troponin has been suggested as a biomarker to
show myocardial injury in patients infected with COVID-19,
which was associated with an increased risk of mortality
[18]. According to Pergola et al. [19], high-sensitive tropo-
nin (HS-trop) was a more accurate predictor of outcome
than CAC scoring. The authors attributed this finding to the
pro-inflammatory environment a COVID-19 infection crea-
tes and its subsequent effect on the myocardium. It is im-
portant to note, however, that Pergola et al. [19] excluded
patients who previously underwent percutaneous coronary
intervention (PCI) or coronary artery bypass grafting (CABG).
This contrasts with the findings of the present study, where
the CAC score had a more significant HR compared to the
maximum troponin level during hospitalization. However,
in the present study population, 35 patients had received
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previous myocardial revascularization, either through PCI
or CABG, showing a high plaque burden in the coronary
arteries.

Limitations

This was a single-centre study, and the CT examinations
were performed using one scanner. Moreover, several
patients had to be excluded, as the central line catheter
caused artifacts, and the images could not be reliably
analysed.

Conclusion

Patients often undergo chest CTs to assess the severity
of COVID-19 pneumonia. Currently, the guidelines do not

Streszczenie

indicate the benefit of routine CT-based CAC analysis for
patients hospitalized with COVID-19. In this study, compa-
red to other cardiovascular risk markers, a high CAC score
has been associated with increased mortality risks of
patients hospitalized for COVID-19 pneumonia. Therefore,
CAC can be regarded as an additional complementary risk
marker. Whether this will impact clinical decision-making
remains to be seen.
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Cel. Wynik uwapnienia w tetnicy wieficowej (CAC) jest udowodnionym prognostycznym markerem ryzyka sercowo-naczy-
niowego. Celem tego badania jest ocena wartosci prognostycznej wyniku CAC w standardowej tomografii komputerowej
klatki piersiowej (CT) u pacjentéw przyjetych z powodu COVID-19.

Metody. Do badania wtgczono 144 kolejnych pacjentéw (Sredni wiek 67 + 13 lat, 60,7% mezczyzn) hospitalizowanych
z powodu Covid-19. Przy przyjeciu wykonano im tomografie komputerowa klatki piersiowej w celu wykrycia i oceny za-
jecia ptuc. Dwdch badaczy, nie znajgcych danych klinicznych pacjenta, obliczyto wynik CAC. Pacjenci byli obserwowani
Srednio przez 14 miesiecy od przyjecia.

Wyniki. U 106 pacjentow (Srednia wieku 66,5 + 14 lat, 66% mezczyzn) jakoS¢ obrazu byta wystarczajaca do analizy. Me-
diana wyniku CAC wyniosta 249 jednostek Agatstona (przedziat miedzykwartylowy 658). W okresie obserwacji w grupie
badanej odnotowano 33 zgony. Mediana wartosci CAC pacjentéw, ktorzy zmarli w okresie badania i pacjentow, ktorzy
przezyli, wyniosta odpowiednio 592 (rozstep miedzykwartylowy 1492) i 142 (rozstep miedzykwartylowy 400). Réznica
w CAC pomiedzy tymi dwiema podgrupami byta istotna statystycznie (p = 0,0001). Pole pod krzywg ROC dla wyniku CAC
stuzacego do przewidywania Smiertelnosci z jakiejkolwiek przyczyny wynosito 0,738 (95% Cl 0,644 do 0,819). Kryte-
rium charakteryzujacym sie najwieksza trafnoSciag prognostyczng byt wynik CAC > 143 jednostek Agatstona (dodatnie
i ulemne wartosci predykcyjne wynosity odpowiednio 44,4% i 88,4%). Obecno$¢ tego kryterium wigzata sie z 3,9-krotnie
wiekszym wzglednym ryzykiem zgonu (95% Cl 1,66-9,41; p = 0,0019).

Whiosek. Pomiar wyniku CAC w oparciu o standardowg tomografie komputerowg klatki piersiowej wykonywang przy
przyjeciu u pacjentéw z COVID-19 w celu wykrycia zajecia ptuc jest prognostycznym markerem zwiekszonej Smiertelnosci
w trakcie 14-miesiecznej obserwacii.

Stowa kluczowe: SARS-COV2, tomografia komputerowa klatki piersiowej, ocena uwapnienia tetnic wiencowych,
choroba wiencowa
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