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Purpose: To assess and correlate pulmonary involvement and outcome of SARS-CoV-2 pneumonia with the degree of coronary plaque
burden based on the CAC-DRS classification (Coronary Artery Calcium Data and Reporting System).

Methods: This retrospective study included 142 patients with confirmed SARS-CoV-2 pneumonia (58 § 16 years; 57 women) who under-
went non-contrast CT between January 2020 and August 2021 and were followed up for 129 § 72 days. One experienced blinded radiolo-
gist analyzed CT series for the presence and extent of calcified plaque burden according to the visual and quantitative HU-based CAC-
DRS Score. Pulmonary involvement was automatically evaluated with a dedicated software prototype by another two experienced radiol-
ogists and expressed as Opacity Score.

Results: CAC-DRS Scores derived from visual and quantitative image evaluation correlated well with the Opacity Score (r=0.81, 95% CI
0.76-0.86, and r=0.83, 95% CI 0.77-0.89, respectively; p<0.0001) with higher correlation in severe than in mild stage SARS-CoV-2 pneu-
monia (p<0.0001). Combined, CAC-DRS and Opacity Scores revealed great potential to discriminate fatal outcomes from a mild course
of disease (AUC 0.938, 95% CI 0.89-0.97), and the need for intensive care treatment (AUC 0.801, 95% CI 0.77-0.83). Visual and quantita-
tive CAC-DRS Scores provided independent prognostic information on all-cause mortality (p=0.0016 and p<0.0001, respectively), both in
univariate and multivariate analysis.

Conclusions: Coronary plaque burden is strongly correlated to pulmonary involvement, adverse outcome, and death due to respiratory
failure in patients with SARS-CoV-2 pneumonia, offering great potential to identify individuals at high risk.
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INTRODUCTION
S ince the first case of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in December 2019,
the novel coronavirus has spread rapidly across the

globe (1). While most infected patients remain asymptomatic
or present mild symptoms, SARS-CoV-2 is capable to cause
respiratory distress syndrome and multiorgan failure, ultimately
requiring ventilation support and intensive care (2).

Previous studies reported an underlying cardiovascular dis-
ease in up to 50% of patients with SARS-CoV-2, which was
associated with adverse outcome and higher mortality (3-5).
However, potential mechanistic pathways responsible for fatal
outcomes in patients with cardiovascular history remain
incompletely understood (6-8). Therefore, identification of
patients at risk represents one of the most important goals to
prevent complications arising from a delayed treatment.

Over the past decade, many scoring systems have been
developed to facilitate standardized reporting and management
of different diseases, offering specific treatment recommenda-
tions according to disease severity (9,10). Regarding the evalu-
ation of coronary artery calcium (CAC), the CAC-DRS
(Coronary Artery Calcium Data and Reporting System) Score
has been established (11). CAC scanning is part of the risk
assessment to identify atherosclerotic cardiovascular disease
offering a direct evaluation of coronary calcified plaque burden
(12). Per 2019 ACC/AHA Guideline on the Primary Preven-
tion of Cardiovascular Disease, CAC testing is recommended
for asymptomatic individuals at the age of 40-75 years with
intermediate risk for atherosclerotic cardiovascular disease or
selectively in patients with borderline risk who show a family
history of premature coronary artery disease (12,13). In this
context, accumulating evidence points to a pivotal role of
CAC for predicting outcomes of SARS-CoV-2 patients with
coronary heart disease or heart failure (5,8,14-16). To the best
of our knowledge, no previous study has examined the value
of CAC-DRS reporting in risk assessment and outcome pre-
diction of patients suffering from SARS-CoV-2 pneumonia.

As such, it is tempting to speculate that risk classification of
patients according to the CAC-DRS Score might correlate with
disease severity of SARS-CoV-2 pneumonia and facilitate classi-
fication of patients into different risk groups. Thus, the purpose
of this study was to quantitatively assess pulmonary involvement
and to evaluate the prognostic value of the CAC-DRS report-
ing system in patients with SARS-CoV-2 pneumonia.
METHODS

The institutional ethical review board approved this retro-
spective study, which complies with the Declaration of Hel-
sinki. Written informed consent was waived.
Study Population

A total of 158 patients with confirmed SARS-CoV-2 on
reverse transcription-polymerase chain reaction and
862
corresponding clinical symptoms who had undergone non-
contrast chest CT scans between January 2020 and September
2021 were candidates for study inclusion. Indications to per-
form non-contrast CT scans included severity assessment of
SARS-CoV-2 pneumonia, searching after complications of
SARS-CoV-2 due to persistent symptoms, and position con-
trol of implanted central venous catheters. The study was per-
formed at two sites, the University Hospital Frankfurt and the
University Hospital Messina. Searching for appropriate
patients was performed on PACS (picture archiving and com-
munication system) and internal patient database using the
following terms: ‘SARS-CoV-2’, ‘COVID-19’ and ‘pneu-
monia’. Exclusion criteria were artefacts (e.g., due to dorsal
instrumentation, insufficient image quality, or excessive pleu-
ral effusion), implanted coronary stents, previous coronary
artery bypass grafting, and patient age <18 years.
Clinical and Laboratory Data

Data about demographics, symptoms, laboratory, hospital
stay, and outcomes were obtained from medical reports.
Extracted laboratory values included hs-Troponin T (hs-
TnT), N-terminal pro brain natriuretic peptide (NT-
proBNP), leucocytes, C-reactive protein, and procalcitonin.
All values were determined at the peak of symptoms and ana-
lyzed with regards to possible correlations with the automated
quantification of lung opacities and coronary plaque burden.
Follow-up was performed by extracting outcome informa-
tion from all available databases, including internal hospital
files and data from collaborating clinics, and analyzed for the
endpoint death. Follow-up time was not limited to a defined
number of days and comprised all available information.
CT Scan Protocol

Non-contrast chest CT scans were conducted in craniocaudal
scan direction on a third-generation dual-source dual-energy
CT scanner (Somatom Force; Siemens Healthineers, For-
chheim, Germany), and on a conventional multislice CT
scanner (Somatom Definition AS; Siemens Healthineers,
Forchheim, Germany). All scans were not ECG-gated and
performed using a conventional protocol with the following
parameters: 120 kV, 70 mAs 0.6 mm slice thickness, and
1 mm collimation.
Image Reconstruction and Evaluation

For the evaluation of SARS-CoV-2 pneumonia, axial, coro-
nal, and sagittal (slice thickness of 1 mm, interscan spacing 1.5
mm) images were reconstructed from each CT scan. Three-
dimensional visualization and quantification of SARS-CoV-
2-related lung abnormalities were performed using a previ-
ously described software prototype (6). Briefly, the software
allowed for automated segmentation and calculation of pneu-
monic densities, such as consolidations and ground glass opac-
ities, which are finally displayed as Opacity Score with a
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corresponding Lung Severity Score. In this context, the max-
imum density of opacities was defined by a threshold of -200
Hounsfield Units (HU). The software was developed and
constructed for research purposes by using algorithms based
on artificial intelligence (6,17). The Opacity Score ranged
from 0-20 relative units (RU), representing all affected areas
from both lungs. A value of zero indicated no pulmonary
involvement, while an Opacity Score of 20 was associated
with the maximal pulmonary opacification of both lungs.
Each automated examination of lung opacities was proven
and confirmed by two radiologists (I.Y., board-certified radi-
ologist with 5 years of experience, and M.H.A., board-certi-
fied radiologist with 6 years of experience) in consensus
reading sessions. Automated postprocessing of lung opacities
is illustrated in Figure 1 showing examples of axial and coro-
nal grayscale CT scans from a 51-year-old male with SARS-
CoV-2 pneumonia at a moderate level (9.4 RU).
For the assessment of CAC, images were reconstructed

with the following parameters: section thickness of 3 mm,
interscan spacing of 1.5 mm, and a field of view (FOV) of 18
cm limited to the heart. CAC-DRS categories were subjec-
tively assessed by applying a visual score as well as objectively
by using a HU-based quantitative score (referred to as visual
and quantitative analysis in the manuscript). Regarding the
visual assessment of coronaries, one radiologist (S.S.M.,
board-certified radiologist with 8 years of experience) ana-
lyzed each coronary artery for the presence and extent of
CAC using a visual scale ranging from V0 to V3. Hereby, a
CAC-DRS category of V0 indicates no CAC with very low
risk, a score of V1 mild coronary affection with mildly
increased risk, V2 moderate CAC with moderately increased
risk, and a score of V3 severe coronary calcium with high risk
(11). The quantitative HU-based score represents a semi-
automated tool to objectively assess the extent of CAC,
where 0 is assigned to a CAC-DRS category of A0, 1-99 to
Figure 1. Representative axial (A) and coronal (B) grayscale CT images
postprocessing of lung opacities using the software prototype on a com
Healthineers, Forchheim, Germany). The software was capable of provid
nique, VRT), illustrated as red circumscribed areas of lung parenchyma. A
navirus type 2. VRT, volume-rendering technique (Color version of figure i
A1, 100-299 to A2, and > 300 to A3 (11). For the quantita-
tive evaluation of CAC, the region of interest was manually
placed in each coronary artery with subsequent automatically
calculated CAC for each coronary and in total by summation
of all scores, as previously described (18-21). Software-based
automated calculation was performed by applying a threshold
of 130 HU within �3 contiguous pixels, resulting in a mini-
mum area of 1.05 mm2.

All postprocessing steps were performed on a commercially
available workstation (syngo.via, version VB10B; Siemens
Healthineers, Forchheim, Germany). The three radiologists
could freely modify window settings and scroll through the
whole stack of CT scans. No case required manual adjust-
ment of opacity areas that were not correctly recognized by
the automated software prototype. After each examination,
overall assessment time of image analysis was noted.
Statistical Analysis

Commercially available software was used for statistical analy-
sis (MedCalc for Windows, Version 13; MedCalc, Ostend,
Belgium). Normal distribution of datasets was assessed by
using the Kolmogorov-Smirnov and Shapiro-Wilk test.
Results are expressed as mean § standard deviation (SD),
count (percentages), or median (interquartile range, IQR),
where appropriate. Comparisons between continuous varia-
bles were conducted using one-way ANOVA, chi-square sta-
tistic test, or two-tailed Student’s t-test, where appropriate.
Pearson’s correlation was used to test the association between
SARS-CoV-2 opacities and clinical or laboratory parameters.
An r value of less than 0.40, 0.41�0.60, 0.61�0.80 and
>0.80 was considered as poor, moderate, strong, and very
strong, respectively. Cox regression analysis was performed to
explore independent factors associated with CAC-DRS
Score of patients with SARS-CoV-2 considering all
obtained from a 51-year-old male with SARS-CoV-2 pneumonia after
mercially available workstation (syngo.via, version VB10B; Siemens
ing a colored visualization of lung opacities (volume-rendering tech-
bbreviations: SARS-CoV-2, severe acute respiratory syndrome coro-
s available online).
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parameters. Those with p<0.05 in univariate analysis were
transferred into the multivariate linear regression model.
Receiver operating characteristic (ROC) curves were plotted
and areas under the curves (AUCs) were calculated together
with their 95% confidence intervals (95% CI). The diagnostic
performance was calculated for every single score as well as
for the combination of them, which was defined as the Com-
posite Score. Interrater agreement was assessed by using
weighted k statistics (22), where values of <0.20, 0.21-0.40,
0.41-0.60, 0.61-0.80, and >0.80 were regarded as none to
slight, fair, moderate, substantial, and excellent, respectively.
A p<0.05 was considered statistically significant.
RESULTS

A total of 142 patients (58§ 16 years; range, 21�87), consist-
ing of 85 men (57 § 14 years; range, 28�81) and 57 women
(59 § 18 years; range, 21�87), were included in this study.
The time gap between admission, clinical evaluation, labora-
tory test sampling, and CT scanning was 18 § 4 hours for all
enrolled patients. 16 patients had previously been excluded
due to large pleural effusion (11 patients), dorsal instrumenta-
tion (3 patients), and patient age < 18 years (2 patients)
(Fig 2). Overall mean body mass index (BMI) was 27 kg/m2

§ 4, ranging between 18 and 37 kg/m2 (p=0.0193).
Risk factors of patients with SARS-CoV-2 included arte-

rial hypertension (44%), a positive family history of cardiovas-
cular disease (33%), diabetes mellitus (24%),
hypercholesterolemia (20%), and smoking (19%). Most
observed symptoms consisted of dyspnea (76%), cough
(65%), fever (60%), headache (32%), and less prevalent gastro-
intestinal symptoms, such as diarrhea (16%).
Figure 2. Illustration of patient inclusion (n=142).

864
Regarding outcome, 53 patients (37%) required intensive
care, of whom 28 died after a mean duration of 18 § 11 days
(range, 4-51). Of all patients requiring intensive care treat-
ment, 41 patients (77%) had �2 cardiovascular risk factors.
Interestingly, the need for ventilation was positively associ-
ated with the extent of coronary plaque burden (54% of
patients with CAC-DRS Score of 3 vs. 15% with a Score of
0). The rate of comorbidities was significantly lower in
patients who survived (23% vs. 77%, p=0.036), particularly
with regards to arterial hypertension, family history, and
smoking. Of the 28 deaths, 21 patients died because of respi-
ratory failure, 6 patients due to cardiogenic shock, and 1
patient due to gastric hemorrhage. Baseline characteristics of
patients with SARS-CoV-2 are depicted in Table 1.
Characteristics of Imaging Parameters

Characteristics of imaging scores are displayed in Table 2.
Opacities were present in all CT scans with an Opacity Score
ranging from 0.6 to 19.7 RU. The overall Opacity Score
comprising both lungs was 7.5 § 4.5 RU, where patients
with a visual CAC-DRS Score of V3 (12.4 § 3.2 RU)
revealed higher opacities than patients with a score of V2 (8.5
§ 2.9 RU), V1 (5.4 § 2.9 RU), and V0 (2.9 § 1.9 RU) (all
p<0.0001). Interrater agreement between the two raters was
excellent for the assessment of lung opacities (~ = 0.94 [95%
CI, 0.89 to 0.99]). In terms of percentual affection, 31.6 §
26.2% of both lungs showed pulmonary consolidations asso-
ciated with SARS-CoV-2 pneumonia. Overall assessment of
lung opacities as well as the visual and quantitative CAC-
DRS Score took 6 minutes on average for each CT scan
(range, 5-7 minutes).

The quantitative HU-based CAC-DRS Score differed sig-
nificantly between CAC-DRS categories from 0 to 3, with
values of 695 § 408 for category A3, 190 § 69 for A2, 53 §
36 for A1, and a score of 0 for the category A0 (p<0.0001).
A case of SARS-CoV-2 pneumonia is depicted in Figure 3,

showing a 41-year-old man with mild lung manifestation
(Opacity Score of 4.3 RU) and a CAC-DRS Score of 0.
Figure 4 shows a 67-year-old male with severe SARS-CoV-
2 pneumonia and extensive ground glass opacities and con-
solidations 8 hours after admission (Opacity Score of 17.6
RU) and a CAC-DRS Score of 3.
Correlation Analysis

Visual and quantitative evaluation of calcified plaque area
were highly correlated to the Opacity Score (r=0.81, 95%
CI 0.76-0.86 for the visual, and r=0.83, 95% CI 0.77-
0.89 for the quantitative CAC-DRS Score, respectively;
p<0.0001), without significant difference between the
two correlation coefficients (p=0.3504). Bivariate correla-
tion analysis revealed not only a significant correlation of
the Opacity Score with the visual CAC-DRS Score, but
also with hs-TnT (r=0.58, 95% CI 0.51-0.65; p<0.0001)
and parameters of inflammatory response like C-reactive



TABLE 1. Baseline Characteristics of The Study Cohort (n=142) According to the CAC-DRS Score.

Variables Overall (n=142;
100%)

CAC-DRS 0
(n=33; 23%)

CAC-DRS 1
(n=34; 24%)

CAC-DRS 2
(n=36; 25%)

CAC-DRS 3
(n=39; 28%)

p-value

Demographics
Age (years) § SD (range) 58 § 16 (21-87) 56 § 16 58 § 15 60 § 17 59 § 16 0.7516
Males (n) 85 (60%) 18 (55%) 24 (71%) 20 (56%) 23 (60%)
Females (n) 57 (40%) 15 (45%) 10 (29%) 16 (44%) 16 (41%)
Body mass index (kg/m2)
§ SD (range)

27§ 4 (18-37) 26 § 5 26 § 3 27 § 3 28 § 4 0.0193

Vital signs
Heart rate (bpm) § SD
(range)

77 § 15 (51-
119)

78 § 17 75 § 14 76 § 13 81 § 15 0.3117

Systolic blood pressure
(mmHg) § SD (range)

133 § 26 (90-
190)

132 § 22 137 § 24 134 § 25 129 § 30 0.6011

Diastolic blood pressure
(mmHg) § SD (range)

84 § 13 (50-
118)

82 § 12 86 § 13 84 § 15 83 § 13 0.7508

Risk factors
Arterial hypertension (n) 62 (44%) 9 (27%) 12 (35%) 17 (47%) 24 (61%)
Family history (n) 47 (33%) 8 (24%) 9 (27%) 13 (36%) 17 (44%)
Diabetes mellitus (n) 34 (24%) 5 (15%) 7 (21%) 12 (33%) 10 (26%)
Hypercholesterolemia (n) 28 (20%) 6 (18%) 6 (18%) 7 (19%) 9 (23%)
Smoking (n) 27 (19%) 4 (12%) 4 (12%) 6 (17%) 13 (33%)

Clinical course
Length of hospital stay (d)
§ SD (range)

12§ 12 (0-79) 5 § 5 10 § 9 11 § 9 19 § 18 <0.0001

Length of intensive care
(d) § SD (range)

16§ 15 (1-79) 4 § 5 10 § 8 13 § 9 25 § 20 0.0046

Need for intensive care (n) 53 (37%) 6 (18%) 10 (29%) 16 (44%) 21 (54%)
Need for ventilation (n) 52 (37%) 5 (15%) 10 (29%) 16 (44%) 21 (54%)
Number of deaths (n) 28 (20%) 3 (9%) 4 (12%) 7 (19%) 14 (36%)

Abbreviations: CAC-DRS, Coronary Artery Calcium Data and Reporting System; SD, standard deviation.
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protein (r=0.53, 95% CI 0.49-0.57; p<0.0001), procalci-
tonin (r=0.59, 95% CI 0.54-0.64), and leucocytes
(r=0.57, 95% CI 0.51-0.63; p<0.0001). Median plasma
TABLE 2. Findings derived from quantitative HU-based CAC-DRS
pneumonia.

Imaging
Parameter

Opacity Score
(RU, 1-20)

95% CI p-value (vs. CAC-DR

CAC-DRS
Score (0-3)

0 2.9 § 1.9 [2.3-3.6] <0.0001
1 5.4 § 2.9 [4.4-6.4] <0.0001
2 8.5 § 2.9 [7.6-9.5] <0.0001
3 12.4 § 3.2 [11.4-13.5] -

Overall 7.5 § 4.5 [6.8-8.3] -

Abbreviations: RU, relative unit; CI, confidence interval; CAC-DRS, Co
Unit; SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2
hs-cTnT concentration was 11 pg/mL (IQR 6, 44) com-
prising all patients (n=142). Patients with a CAC-DRS
Score of 3 (19 pg/mL, IQR 8, 74) showed higher levels
assessment and Opacity Score in patients with SARS-CoV-2

S 3) Quantitative Score
(HU)

95% CI p-value (vs. CAC-DRS 3)

0 - <0.0001
53 § 36 [40-65] <0.0001
190 § 69 [166-213] <0.0001
695 § 408 [561-826] -

251 § 355 [192-310] -

ronary Artery Calcium Data and Reporting System; HU, Hounsfield
.
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Figure 3. The images illustrate a case of a 41-year-old man with confirmed SARS-CoV-2 pneumonia, initially presenting with moderate fever,
cough, and limb pain. Due to persistent symptoms, a CT scan was performed after admission (1). Lung parenchyma was typically affected by
multiple small patchy areas of ground glass opacities, mainly peripherally located as shown in axial (1A), coronal (1B), and sagittal (1C) gray-
scale CT images. The overall Opacity Score was found to be at 4.3 RU. Hospital stay was 5 days in total without the need for intensive care
treatment. Coronary arteries (2) were not affected by calcified coronary plaques corresponding to a CAC-DRS category of 0 based on both
visual and quantitative HU-based assessment (3). Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2. RU, rel-
ative unit. CAC-DRS, Coronary Artery Calcium Data and Reporting System. RCA, right coronary artery. LAD, left anterior descending. Cx, left
circumflex. LM, left main (Color version of figure is available online).
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of hs-cTnT as compared to patients with a score of 0
(8 pg/mL, IQR 6, 9; p=0.0375). Parameters of clinical
course were also positively associated with the degree of
ground glass opacities in CT, such as the need for inten-
sive care treatment (r=0.43, 95% CI 0.29 to 0.58;
p<0.0001), length of intensive care treatment (r=0.76,
95% CI 0.65-0.87; p<0.0001), and mortality (r=0.52,
95% CI 0.41-0.63; p<0.0001).
Discriminative Value of Coronary Plaque Burden Based
on the CAC-DRS Score

The diagnostic performance to discriminate patients with a
fatal outcome was good for the Opacity Score with an AUC
value of 0.870 (95% CI, 0.80-0.92), fair for the quantitative
CAC-DRS Score (0.785, 95% CI 0.71-0.85), and poor for
the visual CAC-DRS Score (0.679, 95% CI 0.60-0.76). Add-
ing the extent of coronary calcification as derived from the
visual and quantitative CAC-DRS Score to the Opacity
866
Score increased the AUC significantly by 0.0678 (AUC
0.938, 95% CI 0.89-0.97, standard error 0.0363; p=0.0404),
which is expressed as the Composite Score in Figure 5.

Combining the Opacity Score with both CAC-DRS
Scores allowed for a good discrimination of patients that
required intensive care treatment with an AUC of 0.801
(95% CI 0.77-0.83).
Prognostic Role of the CAC-DRS Score

Patients were followed up over a time interval of 129 §
72 days for the endpoint death. A total of 14 patients
were lost to follow-up. Visual and quantitative CAC-
DRS Scores were positively associated with all-cause mor-
tality. In this context, patients with a CAC-DRS Score of
3 showed higher mortality than patients with a Score of 0
(Score 3 vs. 0: hazard ratio [HR], 4.85 [95% CI 1.69-
13.92]; p=0.0101) (Fig 6).



Figure 4. Case of a 67-year-old male patient with severe SARS-CoV-2 pneumonia, corresponding to an Opacity Score of 17.6 RU (1). Exten-
sive affection of lung parenchyma on both sides was visible on axial (1A), coronal (1B), and sagittal (1C) grayscale CT images. Coronary sclero-
sis affected all three vessels showing pronounced plaque formation. CAC values were increased, corresponding to a CAC-DRS category of 3
on visual and HU-based quantitative coronary plaque assessment (3). Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coro-
navirus type 2. RU, relative unit. PCI, percutaneous intervention. LAD, left anterior descending. CAC, coronary artery calcium. CAC-DRS, Coro-
nary Artery Calcium Data and Reporting System. RCA, right coronary artery. Cx, left circumflex. LM, left main (Color version of figure is
available online).
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Using Cox regression models, the visual and quantitative
CAC-DRS Scores have been shown to provide independent
prognostic information for the endpoint death (p=0.0016
and p<0.0001, respectively). Results remained significant
after adjustment for potential confounders that have been
identified in the univariate analysis (Table 3).
Adding either the Opacity- or quantitative CAC-DRS

Score to visual CAC-DRS assessment increased the Chi2

value from 10 to 52 (p<0.0001) and from 10 to 22
(p<0.0001), respectively.
DISCUSSION

This study found that coronary plaque burden according to
the CAC-DRS Score was strongly associated with the extent
of SARS-CoV-2 pneumonia (correlation coefficient of at
least r=0.81, 95% CI 0.76-0.86), and provided independent
prognostic information on all-cause mortality (p�0.0016).
Moreover, incorporating the degree of coronary plaque bur-
den and pulmonary involvement into clinical decision mak-
ing revealed great potential to discriminate patients with fatal
outcome from a mild course of disease (AUC 0.938, 95% CI
0.89-0.97), and the requirement for intensive care treatment
(AUC 0.801, 95% CI 0.77-0.83).

Cardiovascular comorbidities are common in patients with
SARS-CoV-2 (4) bearing the risk for adverse outcome due
to complex and incompletely understood pathological mech-
anisms. In this study, 44% of patients had at least one cardio-
vascular risk factor, in line with previous reports (2,3,23,24).
The prevalence of coronary artery disease increased over the
past decade, partly attributable to demographic changes with
gradual ageing of the population as well as lifestyle choices
such as smoking and obesity due to unhealthy diet. Several
algorithms have been proposed aiming at assisting physicians
in risk stratification of patients. Determination of CAC on
CT scans was found to be a robust predictor of cardiovascular
events in asymptomatic patients, especially in those at inter-
mediate risk (12). According to the 2017 Expert Consensus
Statement from the Society of Cardiovascular Computed
Tomography (SCCT), measurement of CAC is recom-
mended in case of an atherosclerotic cardiovascular disease
10-year risk ranging between 5% and 20% as well as in
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Figure 5. Receiver operating characteristic (ROC) curve analysis
showing the diagnostic performance of the Opacity- and CAC-DRS
Scores for prediction of mortality in patients with SARS-CoV-2 pneu-
monia. ROC curve is depicted in blue (composite ROC-curve combin-
ing all three scores), green (Opacity Score), red (quantitative CAC-
DRS Score), and black (visual CAC-DRS Score). Abbreviations: ROC,
receiver operating characteristic. SARS-CoV-2, severe acute respira-
tory syndrome coronavirus type 2. CAC-DRS, Coronary Artery Cal-
cium Data and Reporting System (Color version of figure is available
online).
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selected patients showing a family history of premature coro-
nary artery disease at values inferior to 5% [12]. Clear man-
agement strategies are of particular importance since, as the
SARS-CoV-2 pandemic revealed, even mild cases are at
increased risk for adverse outcomes.

Pneumocytes are primarily vulnerable for SARS-CoV-2,
which makes the pulmonary status of patients to the principal
determinant of disease severity and outcome (25). As early
abnormalities remain often hidden on chest X-rays with a
considerable number of false negatives, other imaging strate-
gies were investigated for a more sensitive capturing of early
parenchymal changes (26). Previous research extensively
assessed the role of thin-section chest-CT scans for diagnostic
workup and outcome prediction of SARS-CoV-2 pneumo-
nia (27). In this context, Mader et al. evaluated a fully auto-
mated software prototype for the quantification of lung
opacities associated with SARS-CoV-2 and found strong cor-
relations with clinical outcome and laboratory parameters of
inflammation (6). Yang et al. reported on a semiquantitative
method for assessing severity of SARS-CoV-2 pneumonia
on chest CT images, which enabled successful rule-out of
F
p
a
S
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severe pulmonary involvement of disease with a high nega-
tive predictive value of 96.3% (28). Other studies found simi-
lar radiological manifestation patterns using the
semiquantitative assessment method, such as peripheral distri-
bution, crazy-paving pattern, involvement of lower paren-
chymal areas of the lung, or reticulation patterns after
recovery (7,29-32). The concept of standardized and struc-
tured reporting of diseases through comprehensive docu-
ments has become increasingly important to provide data
collection from different international centers and facilitate
uniform patient management by closing knowledge gaps
about outcome data across all populations (11).

Our study clearly demonstrated that the Composite Score of
lung opacities and the degree of coronary plaque burden
according to the visual or quantitative HU-based CAC-DRS
Score was able to predict all-cause mortality during a follow-
up period of 129 § 72 days. The predictive value has to be
underlined as the most striking aspect of our study results. In
this context, quantitative CAC assessment based on measure-
ment of Hounsfield Units allowed for a slightly more precise
outcome prognosis than the visual assessment of coronary
igure 6. Kaplan-Meier curve showing overall cumulative survival
robability according to the CAC-DRS Score (all p<0.05). Abbrevi-
tions: CAC-DRS, Coronary Artery Calcium Data and Reporting
ystem (Color version of figure is available online).



TABLE 3. Predictors of progression to severe disease outcome in univariate and multivariate models. Cox-regression models of
patients with coronary artery disease for the occurrence of death.

Endpoint (death)

Model b SE Exp(b) 95% CI of Exp(b) p-value

Unadjusted Model 1 0.5730 0.1931 1.7737 1.2148-2.5897 0.0016
Adjusted Model 2 0.4215 0.0662 1.5242 1.3387-1.7354 <0.0001
Adjusted Model 3 0.0013 0.0003 1.0013 1.0007-1.0019 <0.0001
Adjusted Model 4 0.5184 0.0919 1.6793 1.4025-2.0107 <0.0001
Adjusted Model 5 0.5382 0.0966 1.7129 1.4176-2.0698 <0.0001

Model 1: unadjusted model for basic visual CAC-DRS Score. Model 2: additionally adjusted by Opacity Score. Model 3: additionally adjusted
by the quantitative CAC-DRS Score. Model 4: additionally adjusted by Opacity Score and the quantitative CAC-DRS Score. Model 5: addition-
ally adjusted by Opacity Score, quantitative CAC-DRS Score, and age.
Abbreviations: CAC-DRS, Coronary Artery Calcium Data and Reporting System; b, regression coefficient. Exp(b), ratio of hazard rates; CI,

confidence interval; SE, standard error. Variables that did not reach univariate significance: sex (p=0.5890), hs-TnT (p=0.1803), diabetes melli-
tus (p=0.1834), NT-proBNP (p=0.0678). Variables that reached univariate significance: age (p<0.0001), C-reactive protein (p=0.0175), leuco-
cytes (p=0.0262), arterial hypertension (p=0.0319), hypercholesterolemia (p=0.0471), family history (p=0.0271).

Academic Radiology, Vol 29, No 6, June 2022 LUNG OPACITY AND CORONARY ARTERY CALCIUM SCORE
calcifications (p<0.0001 vs. p=0.0016, respectively). High cor-
onary plaque burden was associated with more severe pulmo-
nary manifestations of SARS-CoV-2 pneumonia, expressed as
percentual affection of both lungs. In accordance with previous
studies (3-5,8,14-16,33) patients with coronary artery disease
were prone to a complicated clinical course, including the
need for intensive care treatment, an increased risk for mechan-
ical ventilation, the use of vasoactive agents, and higher mortal-
ity. A high CAC-DRS score in patients with SARS-CoV-2
pneumonia may therefore reflect an ongoing inflammatory cas-
cade with susceptibility to complications and higher mortality.
Dillinger et al. described first that the extent of coronary artery
calcifications is associated with a worse outcome in hospitalized
patients with COVID-19 using Agatston scoring on non-car-
diac gated CT chest (14). Although the evaluation of CAC is
traditionally conducted using ECG synchronization, our find-
ings suggest a good correlation between CAC and outcome
using non-gated chest CT scans in accordance with previous
publications (15,18-21,34,35). Regarding possible cardiac
motion artifacts in chest CT scans without ECG synchroniza-
tion, our included examinations were not significantly affected
by motion artifacts facilitating accurate evaluation of coronary
plaque burden.
In a clinical context, the combined assessment of CAC and

pulmonary involvement of SARS-CoV-2 consolidations in
non-dedicated, non-gated chest CT scans adds incremental
prognostic information allowing for cardiovascular risk stratifica-
tion without additional costs. Therefore, this combined approach
may represent an elegant method in daily clinical routine to save
radiation exposure by avoiding specific cardiac CT scans. Fur-
thermore, patient comfort can considerably be increased obviat-
ing the need for repeated transport of immobile patients.
CAC scoring is a simple, highly reproducible tool for

assessment of atherosclerotic diseases providing tailored per-
sonalized therapy (11,13). It offers a direct objective assess-
ment of coronary plaque burden and may therefore assist in
evaluating the individual optimal therapeutic guidance. In
combination with the reported Opacity Score, this novel
assessment tool may especially be useful for intermediate-risk
patients with SARS-CoV-2 pneumonia who fall into grey
zones where frequently only epidemiological or empirical
data are used to provide further guidance in therapy.

Given its high predictive value, CAC scanning might
motivate patients to change their lifestyle and to raise their
awareness regarding potential complications, such as myocar-
dial infarction. In a prospective randomized trial with 2,137
middle-aged study participants and a meta-analysis of 11,256
patients from six studies, randomization to CAC scanning
was associated with superior control of cardiovascular risk fac-
tors and a higher likelihood of continuation of cardioprotec-
tive medical therapy and lifestyle modification (36,37).
However, CAC scanning might not only be useful in esti-
mating net benefits from preventive pharmaceutical treat-
ment, but also in providing therapeutic goals and subsequent
regulation of treatment intensity in patients suffering from
SARS-CoV-2 pneumonia.

This study had several limitations. First, our examinations
were conducted as a retrospective study with a limited num-
ber of patients. Validation of our study findings in larger
patient cohorts is required. Second, the automated determina-
tion of Opacity Score using a software prototype assumed the
extent of pulmonary opacities as a surrogate for the severity
of SARS-CoV-2 pneumonia without histological confirma-
tion. Third, the automated evaluation of chest CT scans was
performed at different stages of SARS-CoV-2 pneumonia,
which potentially has led to over- or underestimation of dis-
ease severity. Fourth, laboratory parameters were collected
only at the peak of symptoms without considering dynamic
changes over time. Fifth, our study findings are currently
only reproducible on a dedicated vendor-specific CT setup
with the possibility for postprocessing of chest CT scans.
Therefore, our results may not be transferable to devices and
technologies merchandised by other manufacturers. Sixth,
CT scans were performed during the peak of SARS-CoV-2
pneumonia which possibly has led to inclusion of more
patients with severe disease than those with milder symptoms.
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Finally, though we have thoroughly checked all databases for
follow-up data, 14 patients were lost to follow-up.

To summarize, the present study shows that the degree of
coronary artery plaque burden based on the CAC-DRS clas-
sification correlates well with the severity of SARS-CoV-2
pneumonia and provides independent prognostic information
on all-cause mortality. Furthermore, the CAC-DRS classifi-
cation facilitates high diagnostic performance to discriminate
patients at risk for complicated courses of disease from those
with mild outcomes. Therefore, measurement of CAC in
non-gated chest CT scans of patients with SARS-CoV-2
pneumonia may assist physicians in clinical decision making
by allocating patients to a certain risk category.
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