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ABSTRACT

Study objective: Chest computed tomography (chest CT) is routinely obtained to assess disease severity in COVID-
19. While pulmonary findings are well-described in COVID-19, the implications of cardiovascular findings are
less well understood. We evaluated the impact of cardiovascular findings on chest CT on the adverse composite
outcome (ACO) of hospitalized COVID-19 patients.

Setting/participants: 245 COVID-19 patients who underwent chest CT at Rush University Health System were
included.

Design: Cardiovascular findings, including coronary artery calcification (CAC), aortic calcification, signs of right
ventricular strain [right ventricular to left ventricular diameter ratio, pulmonary artery to aorta diameter ratio,
interventricular septal position, and inferior vena cava (IVC) reflux], were measured by trained physicians.
Interventions/main outcome measures: These findings, along with pulmonary findings, were analyzed using uni-
variable logistic analysis to determine the risk of ACO defined as intensive care admission, need for non-invasive
positive pressure ventilation, intubation, in-hospital and 60-day mortality. Secondary endpoints included indi-
vidual components of the ACO.

Results: Aortic calcification was independently associated with an increased risk of the ACO (odds ratio 1.86, 95%
confidence interval (1.11-3.17) p < 0.05). Aortic calcification, CAC, abnormal septal position, or IVC reflux of
contrast were all significantly associated with 60-day mortality and major adverse cardiovascular events. IVC
reflux was associated with in-hospital mortality (p = 0.005).

Conclusion: Incidental cardiovascular findings on chest CT are clinically important imaging markers in COVID-19.
It is important to ascertain and routinely report cardiovascular findings on CT imaging of COVID-19 patients as
they have potential to identify high risk patients.

1. Introduction

of disease severity, risk stratification, guidance of treatment, and
assessment of treatment response [1-3]. CT allows for detection of early

Computed tomography (CT) of the chest (chest CT) is routinely used parenchymal lung disease, pulmonary embolism, myocardial injury and
for the diagnosis and management of patients with COVID-19. There is acute heart failure [2]. According to the 2020 Multinational Consensus
growing evidence for the use of chest CT in COVID-19 for determination Statement from the Fleischner Society, chest CT is indicated in COVID-

Abbreviations: Ao, aorta; CVD, cardiovascular disease; CT, computed tomography; CI, confidence intervals; CAC, coronary artery calcification; CAD, coronary
artery disease; ECMO, extracorporeal membrane oxygenation; IVC, inferior vena cava; ICU, intensive care unit; LV, left ventricular; MACE, major adverse cardio-
vascular events; PA, pulmonary artery; RV, right ventricular.
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19 patients with moderate to severe clinical features in the presence of
clinical worsening to determine secondary cardiopulmonary abnor-
malities, or in the setting of continued functional impairment/hypox-
emia after recovery [2]. Characteristic pulmonary findings in COVID-19
patients have been well described and standardized CT reporting lan-
guage have been proposed by multiple professional societies, including
the Radiological Society of North America [4-6].

CT-guided staging of COVID-19 severity based on the typical tem-
poral pattern of subpleural ground glass opacities, crazy paving,
consolidation at disease peak, and absorption of consolidation has been
shown to be an accurate predictor of clinical severity (p < 0.001) [5]. In
a recent study of COVID-19 where a CT-based lobar involvement
severity score was utilized, a higher score was independently associated
with death on multivariate analysis [hazard ratio (HR) 3.74; 95% con-
fidence interval (CI) 1.1-12.77/p = 0.03] [6].

While the importance of pulmonary findings in COVID-19 is well
described, the significance of incidental cardiovascular findings on CT
imaging on adverse outcomes is less well studied, especially with
regards to long-term clinical outcomes following hospitalization [7]. In
the setting of pulmonary embolism, CT findings of right ventricular (RV)
strain such as RV to left ventricular (LV) diameter ratio > 0.9, pulmo-
nary artery (PA) to aorta (Ao) diameter ratio > 1.0, and reflux of
contrast into the inferior vena cava (IVC), are established as poor
prognostic factors and predictors of short term mortality [8-10]. These
imaging findings are a result of increasing impedance and resistance on
the pulmonary vasculature, resulting in RV strain [11]. Coronary artery
calcification (CAC) is a readily identifiable finding on chest CT that is a
potent and well-established marker of cardiovascular risk [12]. More-
over, there is mounting evidence that cardiovascular disease (CVD) such
as coronary artery disease (CAD) and cerebrovascular disease, hyper-
tension, and diabetes are all associated with increased mortality in
COVID-19 [13-16]. The risk of mortality in COVID-19 patients with
underlying CVD is higher than the general population. The risk has been
reported as high as 10.5% in patients with CVD, 7.3% in patients with
hypertension, and 6% in patients with diabetes in a report from 44,672
confirmed cases from the Chinese Center for Disease Control and Pre-
vention, in contrast to the 2.3% case fatality rate in those without these
underlying conditions [17,18]. As the morbidity and mortality of
COVID-19 continue to rise, especially in those with underlying CVD,
early risk stratification is critical.

Given the lack of standardization of reporting cardiovascular find-
ings on chest CT in COVID-19, the prognostic implications of incidental
cardiovascular findings are largely unknown. The aim of our study was
to investigate the correlation of incidental cardiovascular findings on
chest CT with both cardiopulmonary disease severity and mortality in
COVID-19 patients.

2. Materials and methods
2.1. Study population

We conducted a retrospective cohort study on 245 adult patients
hospitalized at Rush University System for Health (RUSH) between
March to June 2020 who were diagnosed with COVID-19 and underwent
clinically indicated chest CT imaging. The study was reviewed and
approved by the Institutional Review Board at Rush University Medical
Center. Inclusion criteria were > 18 years of age, hospitalization with
positive COVID test, and performance of a chest CT. Baseline de-
mographic information and comorbidities were extracted from our
electronic medical records (EPIC). Patient outcomes and CT data were
collected through manual chart review.

2.2. CT image acquisition and analysis

Only one chest CT scan was analyzed per patient. Chest CTs per-
formed after occurrence of one of the composite endpoints were
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excluded from analysis. If multiple CT scans were performed, preference
was given to contrast enhanced CTs that were performed closest to the
patient’s time of death or escalation to the highest level of oxygen
therapy (Fig. 1). If the patient survived and did not require oxygen
supplementation, the first CT scan performed during the hospitalization
was included, with preference given to contrast-enhanced CT studies.

CT scans were manually reviewed by two physicians (MIP and MR)
who were blinded to the patients’ clinical history. Each of these physi-
cians underwent standardized training from a cardiovascular imaging
specialist (AR) to measure and identify RV/LV diameter and ratio, PA to
Ao diameter and ratio, and presence or absence of the following: IVC
reflux of contrast, CAC, aortic calcification, and abnormal interventric-
ular septal position (septal flattening or bowing of the septum into the
LV). If contrast-enhanced CT was not performed, the first non-contrast
CT was chosen per protocol (Fig. 1) and CAC and aortic calcification
were measured. RV/LV diameter and ratio, PA to Ao diameter and ratio,
IVC reflux, and septal position were not measured on non-contrast CT.

Cardiovascular CT findings are shown in Fig. 2. PA diameter was
measured just proximal to the bifurcation of the pulmonary trunk on
axial slices. The diameter of the ascending aorta was performed on the
same axial slice at the level of the right PA (Fig. 2A). Presence or absence
of CAC and aortic calcification were recorded as binary variables
(Fig. 2B). The threshold for defining CAC and aortic calcification was set
to >130 Hounsfield units. Presence or absence of IVC reflux was
recorded (Fig. 2C). RV and LV diameters were measured on a single axial
CT slice at the point of maximal distance between the interventricular
septum and the ventricular free wall perpendicular to the long axis of the
heart on axial sections (Fig. 2D). In addition, the interventricular septum
was evaluated for the presence of right to left bowing or flattening,
labeled as abnormal septal position (Fig. 2C) Normal septal position was
defined as bowing towards the right ventricle (Fig. 2D). Septal position
was recorded as presence or absence of abnormal septal position.

Pulmonary findings were extracted from the clinically recorded
radiology report, interpreted by an attending radiologist. The typical
findings related to COVID-19 infection recorded were the following:
presence of ground glass opacities, interlobular and intralobular septal
thickening overlying an area of ground glass opacity (also referred to as
“crazy-paving pattern”), consolidation, peripheral distribution of
consolidation, rounded or nodular consolidation, and linear opacities
(Fig. 3). Presence of pulmonary embolism was also documented per the
clinical radiology report.

The primary endpoint was adverse composite outcome for severe
COVID-19 infection, which consisted of need for intensive care unit
(ICU) admission, need for invasive ventilation via endotracheal intu-
bation or non-invasive positive pressure ventilation, in-hospital mor-
tality, and 60-day mortality.

Individual components of the adverse composite outcome were
selected as secondary endpoints. Major adverse cardiovascular events
(MACE) that occurred within 60 days of admission, defined as occur-
rence of acute coronary syndrome (ACS), stroke, life-threatening
arrhythmia, deep venous thrombosis, acute heart failure, need for
renal replacement therapy, and pulmonary embolism were also included
as a secondary endpoint. Acute coronary syndrome was defined per the
2018 joint task force of the European Society of Cardiology, American
Heart Association, American College of Cardiology Foundation, and
World Health Federation definition: documented abnormal cardiac
biomarkers in the setting of evidence of acute myocardial ischemia. This
included documented ACS, NSTEMI, STEMI, and MI. Life-threatening
arrhythmia was defined as asystole, ventricular tachycardia >30 s,
new grade 3 atrioventricular block/complete heart block, or any
arrhythmia requiring defibrillation or cardiopulmonary resuscitation.
Acute heart failure was defined as admission for symptoms of acute
heart failure.
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Suffered In-Hospital
Mortality?

CT with Contrast
closest to time of death

CT with Contrast closest to
escalation to highest O2 level

Use first CT with
contrast

Fig. 1. Choice of chest CT per patient.
Pathway of Chest CT selection is shown above. If multiple CT scans were performed, preference was given to contrast-enhanced CTs that were performed closest to
the patient’s time of death or escalation to the highest level of oxygen therapy.
CT: computed tomography. O2: oxygen.

2.3. Statistical analysis

Normally distributed continuous variables were compared with
Student t-tests and are displayed with means and standard deviation.
Categorical variables were compared with the Pearson chi-square test
and are presented as counts and proportions.

Univariable logistic regression was performed with each individual
CT finding as a risk for the adverse composite outcome for severe
COVID-19 infection. Odds ratio (OR)s with 95% confidence intervals
(CI) are presented.

From the results of these models along with prior studied models and
clinical experience, particular variables were chosen for further exami-
nation by analyzing correlation with the separate components of the
adverse composite outcome in addition to correlation MACE [19].

Lastly, both a cardiac and pulmonary multivariable model was
created to assess which would better correlate with the adverse com-
posite outcome. The sensitivity and specificity of each model was then
plotted on a receiver operation curve where the area under the curve of

American Heart Journal Plus: Cardiology Research and Practice 11 (2021) 100052

Required
supplemental O2?

NO

CT with Contrast
Obtained?

Yé N

Use first CT
without Contrast

Fig. 2. Cardiovascular findings measured on Chest
CT.

PA diameter was measured just proximal to the
bifurcation of the pulmonary trunk ascending aortic
length and width were measured on the same axial
CT slice at the level of the right pulmonary artery
(red lines) (A). Presence or absence of coronary cal-
cium and aortic calcification was measured in binary
fashion (red arrow) (B). Presence or absence of IVC
reflux was measured (red arrow) (C). RV and LV di-
ameters were measured on a single axial CT slice as
described in text (red lines) (D). Interventricular
septum was evaluated in binary fashion for normal
(D) versus abnormal (C) position. CT: computed to-
mography, IVC: inferior vena cava, LV: left ventricle,
PA: pulmonary artery, RV: right ventricle.

each model was calculated, which were then compared using Delong’s
test.

The threshold for p-value significance was set to 0.05. All statistical
analysis was performed using RStudio version 1.3 (Boston, Massachu-
setts). Receiver operating characteristic (ROC) plotting and comparisons
were performed using the pROC package in RStudio.

3. Results
3.1. Patient characteristics

Our study cohort consisted of 245 COVID-19 positive patients eval-
uated with chest CT imaging, 189 of which were performed with
iodinated contrast.

The clinical characteristics, comorbidities, and drug therapies are
reported in Table 1. Median age of those who experienced the adverse
composite outcome was 58 (46.75-73.25) years, those without 55
(43.75-65.00) years. The cohort was 58% male and with 28% Caucasian
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Fig. 3. Pulmonary findings on chest CT.
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The pulmonary findings from the clinically recorded report included the typical COVID-19 findings of ground glass opacities, interlobular and intralobular septal
thickening referred to as “crazy-paving” and peripheral distribution of consolidations, all of which are demonstrated above.

Table 1
Clinical characteristics.
Yes (N %) No (N %) p-
(Total n = 124) (Total n = 121) Value
Female (%) 44 (35.5) 60 (49.6) 0.035
Age (median [IQR]) 58.00 [46.75, 55.00 [43.75, 0.037
73.25] 65.00]
BMI (median [IQR]) 27.40 [23.50, 27.75 [24.05, 0.433
31.85] 33.60]
Systolic BP (median 129.50 [115.00, 131.00 [117.75, 0.659
[IQR]) 143.50] 147.00]
Diastolic BP (median 72.50 [61.00, 74.00 [64.75, 0.493
[IQR]) 86.00] 84.00]
Heart rate (mean (SD)) 102.76 (21.13) 102.90 (20.54) 0.958
Current smoker (%) 4 (4.0) 4(3.6) 1.000
Race (%) 0.067
White 40 (36.0) 29 (26.1)
Other 46 (41.4) 42 (37.8)
Black or African 25 (22.5) 40 (36.0)
American
Comorbidities
CAD (%) 48 (38.7) 18 (15.0) <0.001
Hypertension (%) 82 (66.1) 66 (55.0) 0.099
Atrial Fibrillation (%) 35 (28.2) 6 (5.0) <0.001
COPD (%) 11 (8.9) 3(2.5) 0.062
Asthma (%) 12 (9.7) 13 (10.8) 0.931
Diabetes mellitus (%) 61 (49.2) 47 (39.2) 0.148
Cancer (%) 13 (10.5) 12 (10.0) 1.000
Stroke (%) 22 (17.7) 7 (5.8) 0.007
Prior DVT or PE (%) 48 (38.7) 8(6.7) <0.001
In-hospital treatments
Intravenous steroids (%) 52 (41.9) 29 (24.2) 0.005
Remdesivir (%) 18 (14.5) 10 (8.3) 0.189
Intravenous antibiotics 97 (78.2) 57 (47.5) <0.001
(%)
Imaging characteristics
Contrast-enhanced (%) 92 (74.2) 101 (83.5) 0.105
PE diagnosed on 17 (14.0) 7 (5.8) 0.053

imaging (%)

and 27% African American.

Those with the adverse composite outcome were more likely to be
male versus female (64.5% vs. 50.4%; p < 0.05); have a history of car-
diovascular disease [CAD (38.7% vs. 15.0%; p < 0.001), atrial fibrilla-
tion (28.2% vs. 5.0%; p < 0.001), and stroke (17.7% vs. 5.8%; p <
0.01)]; and have a history of prior deep vein thrombosis or pulmonary
embolism (38.7% vs. 6.7%; p < 0.001) compared with those without the
specified composite endpoint.

3.2. CT association with the primary adverse composite outcome

Primary analysis results are summarized in Table 2 and in the
Graphical Abstract. Among cardiovascular findings, aortic calcification
showed a statistically significant correlation with the adverse composite
outcome (OR 1.86 [95% CI: 1.11-3.17]; p < 0.05). Though not signifi-
cant, septal position (OR 2.23 [95% CI: 0.98-5.29]; p = 0.06) and IVC
reflux (OR 1.76 [95% CI: 0.97-3.24]; p = 0.06) revealed a trend towards
association with the adverse composite outcome. RV to LV ratio, PA to
Aorta Ratio, and CAC were not significantly associated with the adverse
composite outcome.

None of the pulmonary findings were associated with the adverse
composite outcome: ground glass opacities (OR 1.09 [95% CI:
0.51-2.33]; p = 0.83), round morphology of consolidations (OR 1.28
[95% CI: 0.72-2.27]; p = 0.40), linear opacities (OR 1.66 [95% CI:
0.85-3.29]; p = 0.20), peripheral distribution of consolidations (OR
0.63 [CL: 0.36-1.10]; p = 0.10), and crazy paving (OR 1.83 [CL:
0.88-3.911; p = 0.10) (Table 2).

3.3. CT association with secondary endpoints

In our patient cohort, the most common MACE outcomes observed
were pulmonary embolism (11.8%), life-threatening arrhythmia
(11.4%), need for renal replacement therapy (8.6%), and deep venous
thrombosis (6.5%). The presence of CAC, aortic calcification, and flat-
tening or right to left bowing of the interventricular septum were all
independently associated with 60-day mortality and one or more MACE.

Table 2

CT association with composite outcome.
Cardiac CT variables 0Odds ratio (95% CI) p-Value
RV to LV ratio 1.34 (0.76-2.39) 0.32
PA to Aorta ratio 1.29 (0.68-2.44) 0.43
IVC Reflux 1.76 (0.97-3.24) 0.06
Coronary artery calcification 1.06 (0.63-1.77) 0.84
Aortic calcification 1.86 (1.11-3.17) <0.05
Septal position 2.23 (0.98-5.29) 0.06
Pulmonary variables Odds ratio (95% CI) p-Value
Ground glass opacities 1.09 (0.51-2.33) 0.83
Round morphology 1.28 (0.72-2.27) 0.40
Linear opacities 1.66 (0.85-3.29) 0.20
Peripheral distribution 0.63 (0.36-1.10) 0.10
Crazy paving 1.83 (0.88-3.91) 0.10

Bold indicate that aortic calcification was independently associated with an
increased risk of the ACO (odds ratio 1.86, 95% confidence interval (1.11-3.17)
p < 0.05).
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These results are summarized in Table 3. Those who had IVC reflux on
their CT scan were more likely to be intubated (40.3% vs. 18.9%; p <
0.01), experienced in-hospital mortality (22.7% vs. 7.4%; p < 0.01) and
60-day mortality (26.9% vs. 10.7%; p < 0.01), and have one or more
MACE (41.8% vs. 24.6%; p < 0.05), all of which are components of the
secondary endpoint.

Patients with linear opacities were more likely to experience in-
hospital mortality (30.2% vs. 9.0%; p < 0.001) and 60-day mortality
(37.2% vs. 12.0%; p < 0.001). There were no significant differences
when the individual outcomes were analyzed in patients with the
remainder of the pulmonary findings.

3.4. Cardiac and pulmonary multivariable models of the primary adverse
composite outcome

The multivariable models were poorly predictive in both the cardiac
and the pulmonary models (AUC 0.62 [CI 0.54-0.70] and 0.61
[0.54-0.68], respectively) (Fig. 4). There was no significant difference
between the predictive ability between the two models, p = 0.95.

Table 3
CT findings correlation with composite outcome components.

Cardiac findings Coronary artery calcium Aortic calcification

Yes No p- Yes No p-
value Value
n 98 145 92 151
Intubated (%) 32 41 0.557 31 42 0.409
(32.7) (28.3) (33.7) (27.8)
In-hospital 17 14 0.122 17 14 0.062
mortality (%) (17.3) 9.7) (18.5) 9.3)
60-day mortality 25 15 0.003 24 16 0.003
(%) (25.5) (10.3) (26.1) (10.6)
ICU requirement 46 70 0.941 51 65 0.081
(%) (46.9) (48.3) (55.4) (43.0)
>1 MACE (%) 40 37 0.018 40 37 0.003
(40.8) (25.5) (43.5) (24.5)
Cardiac findings Septal position IVC reflux
Yes No p- Yes No p-
value Value
n 161 28 67 122
Intubated (%) 40 10 0.331 27 23 0.002
(24.8) (35.7) (40.3) (18.9)
In-hospital 17 7 0.073 15 9(7.4) 0.005
mortality (%) (10.6) (25.0) (22.7)
60-day mortality 21 10 0.007 18 13 0.008
(%) (13.0) (35.7) (26.9) (10.7)
ICU requirement 68 17 0.108 37 48 0.052
(%) (42.2) (60.7) (55.2) (39.3)
>1 MACE (%) 44 14 0.029 28 30 0.022
(27.3) (50.0) (41.8) (24.6)

Lung findings Linear opacities Peripheral distribution

Yes No p-value Yes No p-
Value
n 43 200 169 74
Intubated (%) 15 58 0.562 46 27 0.194
(34.9) (29.0) (27.2) (36.5)
In-hospital 13 18 <0.001 20 11 0.670
mortality (%) (30.2) (9.0) (11.9) (14.9)
60-day mortality 16 24 <0.001 24 16 0.212
(%) (37.2) (12.0) (14.2) (21.6)
ICU requirement 24 92 0.317 74 42 0.085
(%) (55.8) (46.0) (43.8) (56.8)
>1 MACE (%) 17 60 0.299 47 30 0.070
(39.5) (30.0) (27.8) (40.5)
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4. Discussion

In our cohort study of 245 adult patients admitted to a tertiary care
facility with laboratory-confirmed diagnosis of COVID-19 who under-
went chest CT, aortic calcification showed the strongest independent
association with the primary composite outcome consisting of intensive
care unit admission, need for non-invasive positive pressure ventilation
or endotracheal intubation, in-hospital mortality, and 60-day mortality
(Graphical Abstract). Furthermore, individual imaging findings
including aortic calcification, CAC, abnormal septal position, and IVC
reflux were independently associated with both 60-day mortality and
MACE. Our data support the theory that findings of RV strain as well as
concomitant cardiovascular disease are associated with worse clinical
outcomes in patients with COVID-19, and may serve as significant im-
aging markers conferring a worse prognosis (Graphical Abstract GRa).

The results of our study are suggestive that large vessel atheroscle-
rosis can be a significant and strong marker of poor outcomes in COVID-
19. Our findings bolster a recent smaller multi-center study of patients
with COVID-19 who underwent low-dose chest CT, which showed that
aortic wall calcification volume was the only significant regressor for
severe disease within multivariate regression analysis of aortic calcifi-
cation, age, sex, and the authors’ cardiovascular comorbidity score (p =
0.004). Authors suggest that aortic wall calcification may thus be an
independent biomarker for severe COVID-19, which was defined simi-
larly to our study: ICU admission, intubation, and death [20].

Secondly, our findings of CAC correlation with increased 60-day
mortality are supported by others. Our findings are corroborated by a
recent cross-sectional study of 209 COVID-19 hospitalized patients with
no prior cardiovascular disease who underwent chest CT. Adjusting for
age, sex, hypertension, smoking, and diabetes, the presence of CAC was
significantly associated with first occurrence of mechanical noninvasive
or invasive ventilation, extracorporeal membrane oxygenation (ECMO),
or death within 30 days of hospitalization (HR 4.4 [95% CI: 2.4-8.0]; p
< 0.0001) [21]. Our results demonstrate that the presence of aortic
calcification is associated with a similar composite outcomeln another
study, CAC score was not significantly associated with myocardial injury
by multivariable logistic regression. In contrast to our study, CAC was
adjusted by age, which was surmised to prevent its predictive value from
being significant [22].

Our findings are supportive of the value of qualitative measurement
of CAC and aortic calcification as prognostic markers for COVID-19
disease severity. In a retrospective analysis of 248 patients admitted
with COVID-19 who underwent chest CT, qualitative visual assessment
of a CAC score > 1 was associated with shorter overall survival (HR 2.76,
95% CI 1.4-5.45, p < 0.01) [23]. Given the association of 60-day mor-
tality with CAC in our study, the binary assessment of CAC should not be
overlooked since these patients can be appropriately treated for sec-
ondary prevention of CAD.

Our data also highlight that individual variables of RV strain may
serve as high-risk imaging markers for 60-day mortality. A single center
study of 332 patients with COVID-19 showed that increased PA diameter
was significantly associated with myocardial injury defined as high-
sensitivity troponin >20 ng/L, (OR adjusted 1.10, 95% CI 1.02-1.19
p = 0.01). It was also significantly associated with death (HR adjusted
1.09, 95% CI 1.02-1.17, p = 0.01) [7]. Our study contributes to the
implications of these findings, demonstratingthat in addition to
increased PA diameter, other markers of RV strain, i.e. abnormal septal
position and IVC reflux, are significantly associated with increased 60-
day mortality and MACE.

Neither combined cardiovascular or pulmonary findings used in our
single multivariable model had predictive ability for our adverse com-
posite outcome. A recent prospective study of 106 hospitalized COVID
19 patients analyzed a radiology-based chest CT scoring system in
addition to biomarkers to determine if CAC is an accurate predictor of
short-term clinical outcomes. Their adverse outcomes were defined as
requirement of mechanical ventilation and death within 10 days of chest
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Fig. 4. Cardiac versus pulmonary multivariable models.
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As plotted on a receiver operation curve, the cardiac and pulmonary multivariable models were poorly predictive (AUC 0.62 [CI 0.54-0.70] and 0.61 [0.54-0.68],
respectively), with no significant difference between the predictive ability between the two models, p = 0.95

AUC: area under the curve.

CT [24]. The authors found that the “volume of disease” as measured by
pulmonary findings along with age, C-reactive protein, and lymphocyte
percentage were better predictors for adverse outcomes compared to
CAC and aortic calcification. These results are similar to our findings, as
we found that aortic calcification and CAC were not associated with
short-term mortality, but rather significantly associated with 60-day
mortality.

Lastly, our findings emphasize the importance of recognizing and
reporting both pulmonary and cardiovascular findings detected on chest
CTs obtained on patients with COVID-19. Recognition of high-risk car-
diovascular findings on clinically indicated CTs is of paramount
importance, potentially predicting a more severe clinical course.

We therefore stress that cardiovascular findings should be recog-
nized and reported when imaging patients with COVID-19. In particular,
the presence of vascular disease and markers of RV strain may be helpful
in identifying patients who have higher risk of adverse outcomes in
COVID-19.

4.1. Study limitations

The results may be limited by selective inclusion of patients under-
going chest CT, with an even smaller cohort of contrast CTs. This pop-
ulation may have weakened the association with adverse composite
outcomes. The observation of strong trends but not statistically signifi-
cant, towards in-hospital mortality in patients with IVC reflux and
abnormal septal position could be a Type II error. Also, RV strain is
ideally measured in the four-chamber plane aligned on the short axis
plane through anterior mitral valve papillary muscle and apex of right
ventricle. In this study, the performance of the measurements in the
axial section may have introduced underestimation of the severity of the
condition. This may have weakened the predictive value of RV to LV
diameter ratio.

Of note, IVC reflux, abnormal septal position, PA/Ao ratio and RV/
LV ratio were analyzed in 189 contrast-enhanced CTs compared to the
243 total CTs including those without contrast used to analyze CAC and
aortic calcification. The difference in CT number may have reduced
power of analysis of RV strain compared to analysis of aortic calcifica-
tion: the strongest predictor of composite outcome. Secondly, the 30-day
mortality rate of our cohort was 10.54%, compared to the 60-day
mortality rate of 18.2%. Though the lower short-term mortality rate
may have affected composite outcome, secondary analysis highlighted

the correlation of CAC, aortic calcification, IVC reflux and septal posi-
tion with long-term mortality rate (p = 0.003, p = 0.003, p = 0.008, p =
0.007, respectively). Further studies are needed to elucidate the prog-
nostic potential of these cardiovascular markers.

5. Conclusions

Our study demonstrated that cardiovascular findings on chest CT are
important imaging markers in symptomatic COVID-19 patients. Find-
ings of aortic calcification, CAC, abnormal septal position, and IVC
reflux of contrast are independently associated with mortality. We
believe that it is important to ascertain and routinely report cardiovas-
cular findings on CT imaging of patients with COVID-19 with the po-
tential to identify high risk patients. Larger studies are needed to
validate these findings.
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