ORIGINAL ARTICLE

OPEN

Coronary Artery Calcifications Are Associated With More
Severe Multiorgan Failure in Patients With Severe
Coronavirus Disease 2019 Infection

Longitudinal Results of the Maastricht Intensive Care COVID Cohort

Bibi Martens, MD,*7 Rob G.H. Driessen, MD, PhD,7}¢
Lloyd Brandts, PhD,|| Puck Hoitinga, MSc¢ | Fauve van Veen, MSc}
Mariélle Driessen, MSc, | Vanessa Weberndorfer, MD, PhD, s
Bas Kietselaer, MD, PhD,Y Chahinda Ghossein-Doha, MD, PhD, T }9#
Hester A. Gietema, MD, PhD,*# MaastrICCht Collaborators, }
Kevin Vernooy, MD, PhD,§ Iwan C.C. van der Horst MD, PhD, 71}
Joachim E. Wildberger, MD, PhD,*7 Bas C.T. van Bussel MD, PhD,}**
and Casper Mihl MD, PhD*¥

Purpose: Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is regarded as a multisystemic disease. Patients with
preexisting cardiovascular disease have an increased risk for a more
severe disease course. This study aimed to investigate if a higher
degree of coronary artery calcifications (CAC) on a standard chest
computed tomography (CT) scan in mechanically ventilated patients
was associated with a more severe multiorgan failure over time.

Materials and Methods: All mechanically ventilated intensive care unit
patients with SARS-CoV-2 infection who underwent a chest CT were
prospectively included. CT was used to establish the extent of CAC
using a semiquantitative grading system. We categorized patients into 3
sex-specific tertiles of CAC: lowest, intermediate, and highest CAC
score. Daily, the Sequential Organ Failure Assessment (SOFA) scores
were collected to evaluate organ failure over time. Linear mixed-effects
regression was used to investigate differences in SOFA scores between
tertiles. The models were adjusted for age, sex, Acute Physiology and
Chronic Health Evaluation II (APACHE II) score, cardiovascular risk
factors, and chronic liver, lung, and renal disease.
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Results: In all, 71 patients were included. Patients in the highest
CAC tertile had, on average, over time, 1.8 (0.5-3.1) points higher
SOFA score, compared with the lowest CAC tertile (P=0.005).
This association remained significant after adjustment for age, sex,
and APACHE 1I score (1.4 [0.1-2.7], P=0.042) and clinically rel-
evant after adjustment for cardiovascular risk factors (1.3 [0.0-2.7],
P=0.06) and chronic diseases (1.3 [-0.2 to 2.7], P=0.085).

Conclusion: A greater extent of CAC is associated with a more
severe multiorgan failure in mechanically ventilated coronavirus
disease 2019 patients.

Key Words: computed tomography, coronavirus disease 2019,
multiorgan failure, coronary calcium, Sequential Organ Failure
Assessment score, coronary artery disease
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evere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection was initially thought to mainly affect
the pulmonary system.!> Nowadays, it is recognized as a
multisystemic disease whereas patients with comorbidities
are at increased risk of developing severe disease.>® Up to
14% of infected patients had severe disease with hypoxia
requiring hospitalization, of whom 5% required admission
to the intensive care unit (ICU) and mechanical ventilation.”
In the ICU, the Sequential Organ Failure Assessment
(SOFA) score is widely used to evaluate a patients’ organ
function during admission as SOFA is designed to capture
changes in clinical status over time. The SOFA score
includes components reflecting pulmonary, cardiovascular,
hepatic, coagulation, renal, and neurological functions.®?
Previous studies have shown that a decrease in score is
associated with improved survival in mechanically venti-
lated coronavirus disease 2019 (COVID-19) patients, irre-
spective of existing comorbidities.> In contrast, an increasing
SOFA score indicates worsening of organ function and is
associated with increased morbidity and mortality.
Patients with COVID-19 and preexisting cardiovascular
disease (CVD) tend to have a more severe disease course,'? and
serial SOF A scores are particularly suitable for such evaluation
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over time in a pandemic. Early identification of patients with a
high risk of developing multiorgan failure and death is needed
to aid clinical decision-making, to tailor patient management,
and to recognize patient categories that might not benefit from
ICU treatment at all.

In COVID-19 patients, coronary artery calcification
(CAC), as detected on computed tomography (CT) is
associated with a worse outcome.!'"13 However, most
studies have a cross-sectional design and do not include
mechanically ventilated patients. Thus, whether a higher
degree of CAC is associated with a worse SOFA score over
time in this population, irrespective of preexisting car-
diovascular risk factors, is unknown.

We hypothesize that a higher degree of CAC is asso-
ciated with a worse disease course reflected by a higher
SOFA score over time. In addition, this association is
independent of patient characteristics, disease severity, car-
diovascular risk factors, and comorbidity.

Thus, the aim of the present study was to investigate
whether a higher degree of CAC, as an integrated quanti-
fication tool of cardiovascular risk, is associated with more
severe multiorgan failure over time in mechanically venti-
lated patients with COVID-19. Quantifying the extent of
CAC could identify patients at risk for multiorgan failure,
which is associated with a worse outcome.

MATERIALS AND METHODS

Patient Population

The Maastricht Intensive Care COVID (MaastrICCht)
cohort study design has been described more extensively
elsewhere.!*1> Briefly, this prospective cohort study was exe-
cuted in a patient population admitted to the ICU of the
Maastricht University Medical Centre+ (Maastricht UMC+).
During the COVID-19 pandemic, the number of ICU beds was
rapidly upgraded from 27 to 64 beds. The study was designed
to foster other datasets and registries according to the FAIR
data principle in collaboration.!* The local Institutional Review
Board (Medisch Ethische Toetsings Commissie [METC] 2020-
1565/300523) of the Maastricht UMC+ approved the study,
which was performed based on the regulations of Helsinki.
During the pandemic, the board of directors of Maastricht
UMC+ adopted a policy to inform patients and ask for their
consent to use the collected data for research purposes. The
study is registered in The Netherlands Trial Register (registra-
tion number NL8613) and was written following the STrengt-
ening and Reporting of Observational studies in Epidemiology
(STROBE) guideline. !¢

The MaastrICCht cohort included all patients with
COVID-19 infection and respiratory insufficiency requiring
mechanical ventilation, who were admitted in the first wave
from March 25 until the June 23, 2020. A positive COVID-
19 case was defined as follows: 1 polymerase chain reaction
test positive for COVID-19 and/or a chest CT strongly
suggestive of COVID-19 infection, indicated by a COVID-
19 Reporting and Data System (CO-RADS)-score of 4 to 5,
scored by a radiologist and no alternative diagnosis'’20).
Patients were followed until the primary outcome was
reached (ie, either death in the ICU or discharge from the
ICU).!* For the present study, only patients who underwent
a chest CT scan were included.

Imaging Protocol
All eligible patients underwent a chest CT scan either
at the Maastricht UMC+ or the referral center for patients
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transported for logistical reasons due to the pandemic. Chest
CT scans from patients transferred from elsewhere were
requested and reassessed. As a result, vendors as well as scan
parameters and reconstruction techniques differed between
patients. Scans in our center were performed on 4 different
scanners. In case of a new, clinically stable triage patient,
scans were performed on a mobile CT scan unit (Alliance
Medical equipped with LightSpeed 16; GE Healthcare,
Milwaukee, WI), which was placed temporarily outside the
hospital. When the outpatient was unstable, a more
advanced system at the emergency ward was chosen
(SOMATOM Definition Flash; Siemens Healthineers,
Forchheim, Germany). Clinical inpatients were scanned
within the Department of Radiology and Nuclear Medicine
following the regular clinical pathway (SOMATOM Force;
SOMATOM Definition AS (Siemens Healthineers). Tube
voltage on these scanners varied between 90 and 140 kV.
Additional to these scans, CTs from different hospitals
throughout The Netherlands were included as well. There-
fore, scan and reconstruction parameters differed. CT scans
were performed in the caudocranial direction with and
without the use of intravenous contrast material.

Coronary Calcium Score

CAC was graded with a semiquantitative grading sys-
tem and graded on the data available on the PACS work-
station (IMPAX, version 6.6.1.5003; AGFA HealthCare
N.V., Mortsel, Belgium). All data were rated in consensus
by 2 readers (B.M. and C.M.), experienced in cardiac
imaging. The readers were blinded for patient outcome and
were allowed to adjust the window level. A semiquantitative
grading system was used to assess the -calcifications
according to their location in the left main, left anterior
descending, left circumflex, and right coronary artery as
0=absent, | =mild, 2 =moderate, and 3 =severe.2"23 The 4
separate scores can be summed up to get an overall grade
reaching from 0 to 12,2425 where 0 is the absence of CAC
and 12 is severe calcified plaques in all coronary arteries (left
main, left anterior descending, left circumflex, and right
coronary artery).

Serial Outcome Variable of Multiorgan Failure:
The SOFA Score

In mechanically ventilated patients with a COVID-19
infection within the MaastrICCht cohort, every component
of the SOFA score was collected daily as previously
described in detail.>!4 The SOFA score includes compo-
nents reflecting the pulmonary, cardiovascular, hepatic,
coagulation, renal, and neurological status. Each organ
system component is scored as 1 of 5 categories, ranging
from 0 (normal organ function) to 4 (most abnormal organ
function).® The SOFA score is the sum of the 6 organ system
component scores ranging from 0 to 24 (Supplemental
Table 2, Supplemental Digital Content 2, http://links.Ilww.
com/JTI/A219). A higher score indicates worse multiple
organ function and is associated with a higher morbidity
and mortality.

Confounders

Comorbidities were proposed as confounders as these
can be associated with organ function at baseline and the
course of multiorgan failure over time.2°

For the present study, in addition to age, time since intu-
bation (days, continuous) and sex (male/female), Acute
Physiology and Chronic Health Evaluation II (APACHE II)

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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score (continuous), hypertension (yes/no), dyslipidemia (yes/no),
obesity (body mass index >30 kg/m?; yes/no), current smoker
(yes/no), physician-diagnosed diabetes mellitus type 2 (yes/no),
chronic lung disease (yes/no), liver disease (yes/no), and renal
disease (yes/no) were considered as potential confounders. The
APACHE 1I score is a physiologically based classification sys-
tem for measuring the severity of illness in groups of critically ill
patients.?”” APACHE II and SOFA scores differ, although both
score severity of critical illness.

Statistical Analyses

The sample characteristics were described using
median and interquartile range, mean and SD, median and
interquartile range, or percentages, as appropriate.

First, the cohort was categorized into sex-specific ter-
tiles of CAC. The first tertile was the patient group with the
lowest CAC score, the middle with intermediate and the
third tertile with the highest CAC score. Then, baseline
characteristics were compared across tertiles using the
Kruskal-Wallis, 1-way analysis of variance, %2, or Fisher
exact test as appropriate.

Linear mixed-effects regression was used with a ran-
dom intercept for participant and time since intubation to
investigate the association between CAC and SOFA scores
by computing differences in average SOFA scores between
tertiles (with the lowest tertile as reference). In addition to
estimating longitudinal SOFA score differences between
CAC tertiles, a full longitudinal assessment requires
addressing an increase/decrease in SOFA scores over time.
Therefore, linear mixed-effects regression was used with a
random intercept and random slope to compute average
differences in the slope over time (ie, increased/decreased)
between groups. When the difference in the slope over time
was not statistically significant, models for average differ-
ences were presented. Specifically, we used an unstructured
variance-covariance matrix and an autoregressive correla-
tion structure of the first order for longitudinal measures.

SOFA score differences were assessed using crude sex-
specific CAC tertiles (Model 1). Next, the hypothesis was
subsequently challenged that a higher degree of CAC is asso-
ciated with a higher SOFA score over time by adjusting for
patient characteristics, admission disease severity, other car-
diovascular risk factors, and comorbidity. Hence, the model
was adjusted for age, sex, and APACHE II score (Model 2). In

addition, the latter was adjusted for cardiovascular risk
(hypertension, dyslipidemia, obesity, smoking, and diabetes
mellitus type 2), as these are associated with CAC28-30 (Model
3), and finally, adjustments for chronic liver, lung, and renal
disease were made (Model 4). Potential interaction of the
association between tertiles of CAC and SOFA scores by time
and sex was also tested, by adding an interaction term to Model
2. A 2-side P-value <0.05 and Pyeraction < 0.05 were considered
statistically significant. All the analyses were conducted using
R, version 3.6.1 (R studio, Boston, MA).

RESULTS

Patient Population

In total, 94 COVID-19 patients were admitted to the
ICU of our hospital during the study period. A standard
chest CT was available in 71 patients (Fig. 1). Character-
istics of the 71 patients who underwent a chest CT were
compared with the 23 patients without chest CT (Supple-
mental Table 1, Supplemental Digital Content 1, http://
links.Iww.com/JTI/A218). Patients with an available chest
CT scan had a longer ICU stay (18 vs. 11 d, P=0.005) and a
lower arterial blood gas partial pressure of carbon dioxide of
5.3 versus 6.7 kPa (P =0.030).

Patients were divided into 3 tertiles based on the sum of
the CAC: tertile 1, score 0 to 1; tertile 2: score 2 to 6, and
tertile 3: score 7 to 12. Patients within the highest CAC
tertile were older (P <0.001), had more presence of diabetes
mellitus type 2 (P=0.015), dyslipidemia (P=0.010), more
vasopressor use (P=0.022), lower urine production
(P=0.017), and lower thrombocytes (P=0.031) as com-
pared with low and intermediate CAC tertiles (Table 1).

Longitudinal Associations Between Coronary
Calcium and Multiorgan Failure

In the crude analyses, patients in the highest CAC
tertile had, on average over time, 1.8 [0.6-3.1] points higher
SOFA score when compared with those in the lowest CAC
tertile (P=0.005) (Table 2, Model 1). This association
remained statistically significant after adjustment for age,
sex, and APACHE-II score (1.4 [0.1-2.7] points, P=0.042)
(Table 2, Model 2). Regression coefficients showed a higher
SOFA score in the highest CAC tertile, after adjustment for
cardiovascular risk factors (hypertension, dyslipidemia,

(MaastriCCht cohort)

Maastricht Intensive Care Cohort
N=94

Excluded:
Patients without an available CT-scan

Y

N=23

Patients with an available CT-scan

N=71

Tertile 1
Low CAC-score

Tertile 2

Intermediate CAC-score
N=25 N=23

Tertile 3
High CAC-score
N=23

FIGURE 1. Flow diagram.
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TABLE 1. Demographic Characteristics, Medical History, Cardiorespiratory Indices, and Risk Indicators of Study Patients Across Tertiles of

CAC

Degree of CAC in Study Population

Tertile 1 (n=25) Tertile 2 (n=23) Tertile 3 (n=23) P for Difference

Age, median (IQR) (y) 57 (14) 67 (11) 73 (5) <0.001
Sex, men 72.0 78.2 78.2 0.840
Length of ICU stay, median (IQR) (d) 18.0 (17.0) 22.0 (25.0) 15.0 (15.5) 0.177
ICU mortality 24.0 30.4 52.2 0.481
Height, median (IQR) (cm) 180 (15.0) 175 (10.0) 173 (8.5) 0.082
Weight, median (IQR) (kg) 90 (20.0) 83 (12.5) 80 (13.3) 0.330
Body mass index (kg/m?), median (IQR) 27.8 (4.0) 27.1 (3.5) 27.1 (5.4) 0.852
Chronic cardiac disease 0.0 0.0 4.3 0.6481
Chronic pulmonary disease 4.0 8.7 13.0 0.508+
Chronic kidney disease 4.0 0.00 0.00 1.000%
Liver disease 0.0 0.0 4.3 0.6481
Diabetes mellitus type 2 8.0 0.0 26.1 0.015F
Presence of cardiovascular risk factors

Hypertension 20.0 31.8 47.8 0.121

Dyslipidemia 4.0 18.2 39.1 0.010%

Smoking 8.0 9.1 13.0 0.888+

Obesity 8.0 4.5 21.7 0.197
APACHE 1I score, median (IQR) (points) 15.0 (4.0) 15.0 (4.5) 18.0 (6.5) 0.052
SOFA score on admission, median (IQR) 5.0 (4.0) 6.0 (3.0) 7.0 (4.0) 0.211
Mechanical ventilation, yes 88.0 95.5 95.7 0.610F

Pressure control 44.0 56.5 60.7

Pressure support 8.0 43 4.3

CPAP 36.0 30.4 30.4
FiO; high admission, median (IQR) 80.0 (35.0) 70.0 (23.8) 70.0 (25.0) 0.163
Respiration rate high on admission, median (IQR) (per min) 30.0 (12.0) 26.0 (3.5) 25.0 (4.5) 0.149
Inspiratory pressure, median (IQR) (cm H,0) 20.0 (8.0) 24.0 (10.0) 24.0 (9.3) 0.258
Positive end-expiratory pressure (cm H,O) 29.3 (£5.0) 29.2 (£1.8) 27.0 (£4.5) 0.513%*
Tidal volume, median (IQR) (mL) 497.0 (155.0) 464.0 (114.0) 437.0 (93.0) 0.609
Arterial blood gas PO,, median (IQR) (kPa) 10.5 (4.5) 9.2 (3.2) 9.6 (2.0) 0.440
Arterial blood gas PCO,, median (IQR) (kPa) 5.0 (2.3) 6.2 (1.6) 5.2 (1.5) 0.295
Arterial blood gas, median (IQR) (pH) 7.34 (0.15) 7.29 (0.22) 7.29 (0.14) 0.487
Mean arterial pressure (mm Hg) 100.4 (£ 14.0) 99.7 (£13.3) 96.8 (£13.5) 0.629*
Vasopressor use, yes 40.0 65.2 78.3 0.022
Bilirubin, median (IQR) (ug/L) 9.4 (5.8) 10.5 (5.5) 9.6 (10.8) 0.795
Dialysis, yes 12.0 8.7 21.7 0.481F
Creatinine, median (IQR) (umol/L) 77.0 (30.0) 72.0 (37.0) 80.0 (95.3) 0.758
Urine production, median (IQR) (mL/24 h) 1350 (1230) 1590 (1615) 630 (1118) 0.017
Glasgow Coma Score, median (IQR) 15 (0) 15 (0) 15 (0) 0.062
Thrombocytes, median (IQR) (10°/L) 330.5 (108.5) 374.0 (140.0) 254.0 (131.0) 0.031

Data are presented as mean (£ SD) or count (%), unless indicated otherwise. Differences were tested using the independent-samples ¢ test or Pearson y’test,

unless indicated otherwise.
*One-way analysis of variance instead of Kruskal-Wallis test.
+Fisher exact test instead of %> test due to low expected values.

CPAP indicates continuous positive airway pressure; FiO,, fraction of inspired oxygen; PCO,, partial pressure of carbon dioxide; PO,, partial pressure of

oxygen.

obesity, smoking, diabetes mellitus type 2) (1.3 [0.0-2.7],
P=0.059) (Table 2, Model 3) and adjustment for chronic
liver, lung, and renal disease (1.3 [-0.2 to 2.7], P=0.085),
although not statistically significant (Table 2, Model 4).

Longitudinal regression coefficients in SOFA scores
over time between CAC tertiles are reported for average
differences only, as no changes (ie, increase/decrease) in
SOFA scores between CAC tertiles were observed (ie, no
statistically significant interaction in time since intubation
and CAC tertiles were present) (Fig. 2).

Furthermore, no significant interaction between sex,
association of CAC tertiles, and SOFA score over time was
observed (Pipteraction="0.712 and 0.566 for the middle and
highest tertiles, respectively).

‘When analyzing the development of individual SOFA score
components, a specific component contributed significantly more
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to the association between CAC and SOFA scores when com-
pared with the other components was not identified (Table 3).

Figure 3 shows examples of 3 patients with no, mild,
and severe CAC.

DISCUSSION

The present study showed that a greater extent of CAC
in mechanically ventilated ICU patients with COVID-19
was associated with more severe organ failure (indicated by
a higher average SOFA score), independent of age, sex, and
APACHE II score. The same order of magnitude of asso-
ciation is observed after adjustment for cardiovascular risk
factor and chronic liver, lung, and renal disease, however,
not statistically significant. No changes in SOFA scores over
time (ie, increase/decrease) between tertiles of CAC were

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Longitudinal Association Between Coronary Calcium Score and Development of SOFA Scores Over Time

Model

Regression Coefficient (95% CI) P

Model 1: Crude
Tertile 1, degree of CAC in the study population
Tertile 2, degree of CAC in the study population
Tertile 3, degree of CAC in the study population
Model 2: Model 1 adjusted for age and sex, APACHE-II score
Tertile 1, degree of CAC in the study population
Tertile 2, degree of CAC in the study population
Tertile 3, degree of CAC in the study population

Reference category

0.9 (=0.4 to 2.1) 0.189

1.8 (0.6-3.1) 0.005
Reference category

0.7 (0.5 to 1.9) 0.241

1.4 (0.1-2.7) 0.042

Model 3: Model 2 adjusted for cardiovascular risk (hypertension, dyslipidemia, obesity, smoking, diabetes mellitus type 2)

Tertile 1, degree of CAC in the study population
Tertile 2, degree of CAC in the study population
Tertile 3, degree of CAC in the study population

Reference category

Model 4: Model 3 adjusted for liver conditions, chronic lung disease, and chronic kidney conditions

Tertile 1, degree of CAC in the study population
Tertile 2, degree of CAC in the study population
Tertile 3, degree of CAC in study population

0.5 (-0.8 to 1.7) 0.463

1.3 (=0.0 to 2.7) 0.059
Reference

0.4 (0.8 to 1.7) 0.482

1.3 (0.2 t0 2.7) 0.085

CI indicates confidence interval.

observed. In addition, no significant interaction between sex
and the association between SOFA score over time and the
extent of CAC was found.

Previous studies have investigated the association between
CAC and the outcome of COVID-19 patients. However, most
studies included non-ICU patients only, used a cross-sectional
design, and did not study serial data as in the present
study. 1331 Tyo and colleagues showed, in a retrospective
cohort study, that a higher level of CAC was associated with
more in-hospital deaths and other adverse events in COVID-19
patients. We add evidence that CAC is associated with multi-
organ failure in a serial design.! A study by Dillinger et al'?
included 209 hospitalized patients with proven COVID-19, in
which the presence of CAC was analyzed. CAC was associated
with a worse disease course in terms of respiratory failure
requiring mechanical ventilation, extracorporeal membrane
oxygenation, or death. This study did not include mechanically
ventilated patients and described CAC only as absent or pres-
ent. In addition, Gupta et al®?> have shown in a non-ICU
population of 180 COVID-19 patients that CAC was asso-
ciated with a higher mortality and more patients required

o : |
el Tertile 3, estimated
= Tertile 2, estimated
— Terlile 1, estimated
" | % Tertile 3, raw data
+  Tertile 2, raw data
@ Tertile 1, raw data

10

SOFA score

0 5 10 15 20 25 30

Time since intubation (days)

FIGURE 2. Observed and predicted SOFA scores over time for the
tertiles of CAC. The figure shows that patients in the highest CAC
tertile have the highest SOFA scores. In addition, SOFA scores
improve gradually over time, similar for the 3 tertiles.

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

intubation. Another single-center, retrospective, observational
study applied the Agatston score to nongated chest CTs and
observed more adverse events (eg, transfer to the ICU, death,
or both) in hospitalized, non-ICU patients with CAC.!3

The standard scoring system for CAC is the Agatston
score. However, this technique is fully standardized in terms
of the imaging protocol (3 mm slice thickness and a tube
voltage of 120kV) and interpretation.3? Since the chest CT
scans in the present study were performed for diagnosing
COVID-19 and no dedicated cardiac scans were performed
at the height of the pandemic, we used a semiquantitative
grading system, validated in earlier studies to be used on
routine chest CTs to assess CAC.21:22:32

This study tested the hypothesis that CVD, reflected by
CAC, is a potential risk factor for more severe organ failure in
patients with severe COVID-19 requiring mechanical ven-
tilation. During a pandemic, identifying patients at higher risk
of a worse outcome is essential for predicting which patients
will benefit from admission to the ICU. Grading CAC on a
standard chest CT comes at no additional costs and may help
clinicians aid decision-making. In addition, the results show
that CAC may hold important prognostic information,
regarding multiorgan failure as assessed by the SOFA score.
Therefore, reporting CAC in all radiologic chest CT reports in
COVID-19 patients might benefit clinical decision support.

This study has several strengths. First, the study is pro-
spective by design, including many serial measurements in
patients with COVID-19 infection, including a systematic data
collection following a predefined protocol.!* Furthermore, CAC
was assessed using a semiquantitative grading system, as vali-
dated in the literature for determining CAC in nongated chest
CT scans.?!?> CAC was assessed in consensus by 2 readers
experienced in cardiac imaging. In addition, we used the SOFA
score in a longitudinal design. The SOFA score, in contrast to
other disease severity scores such as the APACHE II score?’-3*
and the Simplified Acute Physiology Score (SAPS)> was
developed for serial data and thus longitudinal evaluation.
Moreover, earlier research in COVID-19 patients has shown that
a worse course of the SOFA score over time is associated with a
worse outcome, independent of the APACHE II score. Last,
assessing a clinical SOFA score is less complex than APACHE
and SAPS scores. Therefore, it is applicable when both time and
resources are scarce, such as in a pandemic situation.
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TABLE 3. Results of Linear Mixed-effect Models: Development of Individual SOFA Component Scores

Model 2

Adjusted Regression

Model 4

Adjusted Regression

Coefficient (95% CI) P Coefficient (95% CI) P

Tertile 1, degree of CAC in the study population Reference Reference
PaO,/FiO, ratio

Tertile 2 —0.02 (—0.10 to 0.06) 0.707 —0.01 (—0.10 to 0.08) 0.829

Tertile 3 —=0.03 (=0.12 to 0.06) 0.500 —0.03 (=0.10 to 0.08) 0.564
PaO, (kPa)

Tertile 2 —0.41 (—0.97 to 0.16) 0.154 —0.40 (—0.95 to 0.14) 0.145

Tertile 3 —0.28 (—0.92 to 0.36) 0.393 —0.36 (—1.03 to 0.31) 0.285
FiO, (%)

Tertile 2 2.67 (—3.38 to 8.72) 0.382 2.20 (—=3.59 to 7.99) 0.451

Tertile 3 1.64 (—4.97 to 8.26) 0.622 1.68 (=5.05 to 8.41) 0.620
SOFA cardiovascular component score

Tertile 2 0.38 (—0.12 to 0.88) 0.135 0.38 (—0.15 to 0.90) 0.155

Tertile 3 0.33 (=0.21 to 0.87) 0.226 0.49 (-0.10 to 1.09) 0.106
Bilirubin (pmol/L)

Tertile 2 —0.75 (—5.55 to 4.05) 0.756 =2.17 (—6.95 to 2.61) 0.370

Tertile 3 2.01 (=3.25 to 7.27) 0.449 1.23 (=4.31 to 6.77) 0.660
SOFA renal component score

Tertile 2 —=0.04 (—0.73 to 0.65) 0913 —0.21 (—0.89 to 0.47) 0.537

Tertile 3 0.62 (=0.13 to 1.38) 0.104 0.40 (—0.39 to 1.19) 0.315
Glasgow Coma Score

Tertile 2 —0.07 (=0.20 to 0.07) 0.343 —0.54 (—1.60 to 0.52) 0.317

Tertile 3 —0.03 (=0.18 to 0.12) 0.660 —0.54 (-1.79 to 0.71) 0.390
Thrombocytes (10°/L)

Tertile 2 39.5 (=28.2 to 107.2) 0.250 26.6 (—42.2 t0 95.4) 0.444

Tertile 3 =53.9 (-130 to 22.2) 0.163 —40.1 (—121.8 to 41.7) 0.333

Data are longitudinal regression coefficients that show the average difference per SOFA score component over time between CAC (CAC) tertiles, with the
lowest CAC tertile as the reference category. Data are adjusted for age, sex, and APACHE II score (Model 2) and additionally for chronic liver, lung, and renal

disease (Model 4).

CI indicates confidence interval; FiO,, fraction of inspired oxygen; PaO,, partial pressure of oxygen.

Study Limitations

First, this is a single-center study with a rather small
patient population, which included only mechanically venti-
lated ICU patients, thereby limiting the generalizability of the
results to patients not in need of mechanical ventilation. Sec-
ond, our study was limited to patients who had an available
chest CT scan. Characteristics of these patients were similar as
those without available chest CT scan, except the latter had a
shorter ICU stay and a higher arterial blood gas partial pres-
sure of carbon dioxide. Therefore, it is unlikely that selection
bias had a major influence on the associations. If less severely
affected patients might have had a lower degree of multiorgan
failure and CVD (ie, lower CAC), the reported associations

might have even been underestimated. Third, the association
between CAC and SOFA score loses statistical significance
after adjustment for cardiovascular risk factors and chronic
liver, lung, and renal disease. However, the same order of
magnitude of the clinically relevant association (1.3-point
higher SOFA score in both models) suggests that these car-
diovascular risk factors and chronic diseases do, at least, not
fully explain the observed observations between CAC and
SOFA scores.*® Furthermore, in the ICU setting, a 1.3-point
difference in SOFA score is considered clinically significant, as
confirmed in an earlier landmark trial.>’ Fourth, the SOFA
score uses a limited number of organ systems and weighting is
applied to each organ score. Using a limited set of variables

FIGURE 3. Three examples of chest CTs on CAC is of a patient with no CAC (A); a patient with CAC localized only in the left main and left
anterior descending coronary artery (B); and example of a patient with extensive CAC in all the coronary arteries (C).
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could lead to underestimation of the degree of organ failure in
patients. However, the score is widely used, can be easily cal-
culated at the bedside, and appears effective in detecting asso-
ciations with CAC compared with its component scores. Fifth,
we use a semiquantitative grading system because the CT scans
performed in these critically ill patients are not dedicated car-
diac CT scans with a protocol suitable for determining the
Agatston score. Nevertheless, the semiquantitative grading
system used in this study is validated in previous studies to be
used on routine chest CTs?!?232 and scans were evaluated by 2
readers in consensus. Finally, CO-RADS scores were not
reported, as they are not related to the extent of pulmonary
involvement.’® In addition, all included patients had severe
respiratory failure requiring mechanical ventilation. Therefore,
the severity of pulmonary findings on CTs most likely do not
have a major influence on the results of the study.

In conclusion, a higher degree of CAC, scored with a
semiquantitative grading system, is associated with more
severe organ failure (indicated by a higher SOFA score) over
time, that drives worse outcomes. This association is inde-
pendent of age, sex, and APACHE II score but attenuated
when correcting for cardiovascular risk factors and chronic
liver, lung, and renal disease. Reporting CAC on standard
chest CTs in COVID-19 patients might help guide clinical
decision-making.
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