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Purpose: Severe COVID-19 is associated with inflammation, thromboembolic disease,
and high mortality. We studied factors associated with fatal outcomes in consecutive
COVID-19 patients examined by computed tomography pulmonary angiogram (CTPA).

Methods: This retrospective, single-center cohort analysis included 130 PCR-positive
patients hospitalized for COVID-19 [35 women and 95 men, median age 57 years
(interquartile range 51-64)] with suspected pulmonary embolism based on clinical
suspicion. The presence and extent of embolism and parenchymal abnormalities on
CTPA were recorded. The severity of pulmonary parenchymal involvement was stratified
by two experienced radiologists into two groups: lesions affecting <50% or >50% of the
parenchyma. Patient characteristics, radiological aspects, laboratory parameters, and
60-day mortality data were collected.

Results: Pulmonary embolism was present in 26% of the patients. Most emboli
were small and peripheral. Patients with widespread parenchymal abnormalities, with
or without pulmonary embolism, had increased main pulmonary artery diameter (o
< 0.05) and higher C-reactive protein (o < 0.01), D-dimer (p < 0.01), and troponin
T (p < 0.001) and lower hemoglobin (o < 0.001). A wider main pulmonary artery
diameter correlated positively with C-reactive protein (r = 0.28, p = 0.001, and n
= 130) and procalcitonin. In a multivariant analysis, D-dimer >7.2 mg/L [odds ratio
(£95% confidence interval) 4.1 (1.4-12.0)] and ICU stay were significantly associated
with embolism (p < 0.001). The highest 60-day mortality was found in patients with
widespread parenchymal abnormalities combined with pulmonary embolism (36%),
followed by patients with widespread parenchymal abnormalities without pulmonary
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embolism (26%). In multivariate analysis, high troponin T, D-dimer, and plasma creatinine
and widespread parenchymal abnormalities on CT were associated with 60-day mortality.

Conclusions:  Pulmonary embolism combined with widespread parenchymal
abnormalities contributed to mortality risk in COVID-19. Elevated C-reactive protein,
D-dimer, troponin-T, P-creatinine, and enlarged pulmonary artery were associated with
a worse outcome and may mirror a more severe systemic disease. A liberal approach
to radiological investigation should be recommended at clinical deterioration, when the
situation allows it. Computed tomography imaging, even without intravenous contrast to
assess the severity of pulmonary infiltrates, are of value to predict outcome in COVID-19.
Better radiological techniques with higher resolution could potentially improve the
detection of microthromboses. This could influence anticoagulant treatment strategies,
preventing clinical detoriation.

Keywords: C-reactive protein, pulmonary thromboembolism, computed tomography, pulmonary trunk, critical

care, mortality

INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
spread in Europe in March 2020, peaking in Sweden in the middle
of April 2020. A new wave of infection then struck the country
in the late fall of 2020 and in the spring of 2021.The infection
syndrome has been named COVID-19.

SARS-CoV-2 virus infects epithelial cells in human airways
through the interaction between the viral S protein and the
angiotensin converting enzyme 2 (ACE2) receptor, causing
severe pneumonia in some patients (1). COVID-19 and the
associated pneumonia leads to typical findings on computed
tomography (CT) (2). In COVID-19, elevated D-dimer, which
may indicate thrombus formation and degradation, is associated
with higher mortality (3). A high frequency of thrombosis and
pulmonary embolism (PE) has been reported in hospitalized
COVID-19 patients (4-6). It has been suggested that in COVID-
19 acute respiratory distress syndrome (ARDS), the virus may
induce pulmonary endothelial microvascular damage, which may
also lead to microthrombosis (7).

We hypothesized that PE, systemic inflammation, and
widespread parenchymal abnormalities (WPA) would affect
survival in COVID-19. To test this hypothesis, we studied
hospitalized COVID-19 patients with suspected PE and the
relationship between abnormal radiological and laboratory
findings and the risk of fatal outcome at pandemic inception.
Such information could be useful for early identification of

Abbreviations: ARDS, Acute respiratory distress syndrome; ACE2, Angiotensin-
converting enzyme; BMI, Body mass index; CT, Computed tomography; CI,
Confidence interval; CRP, C-reactive protein; CTPA, Computed tomography
pulmonary angiogram; ICU, Intensive care unit; LMWH, Low-molecular-weight
heparin; OR, Odds ratio; PACS, Picture archiving and communication system;
Pa0,/FiO,, Quotient between arterial partial oxygen pressure/oxygen inspired
fraction; PE, Pulmonary embolism; NT-proBNP, N-terminal pro brain natriuretic
peptide; RIS, Radiological information system; RT-PCR, Real-time polymerase
chain reaction; SARS-CoV-2, Severe acute respiratory syndrome coronavirus-2;
WPA, Widespread parenchymal abnormalities; WBC, White blood cell.

patients at risk of thromboembolic events who require further
radiological investigation.

PATIENTS AND METHODS

Study Design

The study was approved by the Swedish Ethical Review
Authority (application number 2020-01882), and waived
informed consent was obtained. From March 19 to May
31, 2020, we included all patients with a positive reverse
transcription polymerase chain reaction (RT-PCR) SARS-
CoV-2 test who were referred for computed tomography
pulmonary angiogram (CTPA) due to clinically suspected
PE (sudden clinical deterioration, declining PaO,/FiO,
echocardiographic indirect signs of pulmonary hypertension,
and dilated right ventricle). Patients were enrolled prospectively,
by identifying them in the hospital radiological database
system [hospital information system (HIS) and radiological
information system (RIS)/picture archiving and communication
system (PACS)].

Patients with PE on CTPA were stratified according to the
radiological picture of embolization. Information on the duration
of symptoms, hospital and intensive care unit (ICU) stay,
mechanical ventilation, and comorbidities were collected.

Laboratory results for blood parameters were collected on
the day of CTPA. The highest concentration of C-reactive
protein (CRP) during the hospital stay was also recorded. We
also collected results from the following routine analyses when
available: NT-proBNP (n = 66) and PaO,/FiO, (designated
PFI) on the day of the CTPA and the lowest value during
hospitalization (n = 66). Demographics, including age, sex,
weight, length, body mass index, comorbidities, and 60-day
mortality after first symptoms, were recorded, as well as anti-
thrombotic and steroid treatment. Mortality incidence was
retrieved from journal records, which is connected to the
population registration authority in Sweden.
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n=640 patients, adults and children,
hospitalized with confirmed Covid -19
betweem 19t of Mars to 315t of May

n=132 consecutive patients referred for
chest CTPA with positive Covid -19 test

Excluded n=2

patients:
* 1 non-conclusive

* 1 massive
metastatic disease

n=130 patients included in the study

to the lung

No acute pulmonary embolus
n=96 (74%)

Acute pulmonary embolus
n=34 (26%)

No acute pulmonary
embolus widespread
parenchymal
infiltrates n=19

No acute pulmonary
embolus no widespread
parenchymal infiltrates
n=38

Acute pulmonary
embolus widespread
parenchymal infiltrates
n=11

Acute pulmonary
embolus no widespread
parenchymal infiltrates
n=14

FIGURE 1 | Flowchart of patient inclusion.

Patients

During the study period, 640 patients were hospitalized at
Karolinska University Hospital, Solna, with a documented
SARS-CoV-2 infection. Starting from April 3, COVID-
19 patients hospitalized in the wards received thrombosis
prophylaxis with low-molecular-weight heparin (LMWH)
[Tinzaparin 3500-4500 U, subcutaneous (SC) once daily
(OD) or Dalteparin 5000U SC OD, adjusted for weight
and kidney function], according to general advice from
Stockholm Health Care Region. All ICU patients received
standard thrombosis prophylaxis from the start of the study,
but from April 14, the LMWH dose was intensified and
patients were given an intermediate dose (in normal weight
patients, 5000U SC twice daily) (8). A few patients had
therapeutic LMWH at the time of CTPA. In addition, five
patients received oral apixaban (5mg bid) and two patients
received continuous unfractionated heparin. Selected patients
were provided prednisone (2.5-40 mg/day) or betamethasone
(2-24 mg/day).

Patients who underwent chest CT without intravenous
contrast or with contrast only in venous phase were excluded,
as well as a few subjects with CTPA and suspected COVID-
19, but with a negative SARS-CoV-2 test. Two SARS-CoV-2-
positive patients with CTPA were excluded because of impossible
interpretation of the CT and massive metastatic lung disease
(Figure 1).

CT Protocol
A 256-slice multi-detector CT (Revolution CT, GE Healthcare,
Milwaukee, Wisconsin, USA) was used for CTPA after

intravenous injection of 60ml of iodinated contrast agent
(Johexol 350 mg/ml) with a flow rate of 5 ml/s. The contrast
agent dose was slightly reduced in renal insufficiency.
For older patients, scanning was triggered on the main
pulmonary artery. The dose-length product ranged 90-300
milligray*cm and the CT dose-index volume was typically 4-10
milligray*cm, peaking at 15 milligray*cm in some cases with
high BML.

The presence of pulmonary emboli was analyzed
independently by two experienced emergency radiologists
on a PACS workstation (SECTRA AB), using 0.63-mm slice
reformats in orthogonal planes. Slices classified as negative for
PE were analyzed again by a specialist in thoracic radiology.
CT scans positive for PE were categorized according to the
Qanadli score. This index quantifies the extension of the
arterial obstruction on CTPA imaging (9). Right ventricular
diameter was estimated using 0.63-mm slice reformats in the
axial plane in four-chamber view (Figure 2), and severe right
ventricular dysfunction (right/left ventricular quotient >1.3) was
estimated. The main pulmonary artery diameter was measured
just proximal to the pulmonary artery bifurcation, on an axial
slice perpendicular to its long axis, using 2-mm slice formats
(Figure 3). Data on patients with and without PE are presented
in Table 1.

The severity of pulmonary parenchymal involvement
was stratified according to the extension of parenchymal
abnormalities (e.g., ground-glass opacities, crazy-paving
appearance,  airspace  consolidations,  broncho-vascular
thickening, and traction bronchiectasis) (10). WPA was
defined as lesions that were spread over more than 50% of the
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FIGURE 2 | Assessment of the right and left ventricular diameter in axial four-chamber view. The red lines show where the measurements were performed.

FIGURE 3 | Assessment of main artery puimonary diameter on axial view. The
red line indicates where the diameter was measured.

parenchyma affecting all lung lobes. All other patterns were
classified as not WPA, modified from Revel et al. (11) (Figures 4,
5). Two specialists in thoracic radiology performed the
classification in double-blind. In patients where the radiologists’
opinions differed (13 out of 130 subjects, 10%), an additional
classification was performed together to reach consensus. The
WPA and no-WPA angiograms were then further subgrouped
according to the presence or absence of PE (Table 2).

Laboratory Measurements

CRP was determined by immuno-turbidimetric analysis using
Cobas (Diagnostics, Roche, GmbH, Mannheim, Germany;
normal value <5.0 mg/L). White blood cell (WBC) count was
analyzed by fluorescence using Sysmex XN (Sysmex Corporation,
Hyogo 651-0073, Japan; reference value 3.8-8.8 x 10°/L).
Hemoglobin was analyzed by photometry using Sysmex XN
(Sysmex Corporation, Hyogo 651-0073, Japan; normal range
134-170 g/L for men and 117-153 g/L for women). Platelet
was analyzed using impedance and flow cytometry (Sysmex
Corporation, Hyogo 651-0073, Japan; reference value 165-387
x 10°/L for women and 145-348 x 10°/L for men). Plasma
creatinine (anticoagulated with Li-heparinate) was analyzed
using an enzymatic photometric method (Cobas, Diagnostics,
Roche, GmbH, Mannheim, Germany; reference value <100
pmol/L for men and <90 pwmol/L for women). Procalcitonin
was analyzed using the Cobas 8000/e602 system (Diagnostics,
Roche, GmbH, Mannheim, Germany; reference value < 0.05
pg/L for women and 0.08 jLg/L for men). D-dimer was analyzed
using the Sysmex CS-5100 and CS-2500 (Siemens Healthcare
Diagnostics, Erlangen, Germany) with monoclonal antibodies
in diluted samples (analyzing interval 0.19-35.20 mg/L, inter-
assay coefficient of variation <11.25%, reference value <0.5 mg/L
below 50 years and <0.7 mg/L above 70 years). Troponin T and
NT-proBNP were analyzed in plasma samples using the Cobas
e601, e602 system (Diagnostics, Roche, GmbH, Mannheim,
Germany; reference value <15 ng/L for troponin T, and <300
ng/L below 50 years and <400 ng/L for 50-75 years for NT-
pro BNP).
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TABLE 1 | Demographics, comorbidities, radiology, laboratory, and outcome data for hospitalized COVID-19 individuals with or without PE undergoing CTPA (n = 130).

Demographics Pulmonary embolism No pulmonary embolism p-value
(n=234) (n = 96)
Gender (male/female) 27/7 68/28 0.33f
Age (years), n = 130 58 (51-64) 58 (50-65) 0.85
Weight (kg), n = 121 82 (71-95) 81 (72-94) 0.76
Length (cm), n = 114 174 (171-180) 173 (165-181) 0.54
BMI (kg/m?), n = 113 27 (23-29) 28 (24-31) 0.80
Anticoagulant therapy
24 h before CT scan 76 (n = 26/34) 74 (n =71/96) 0.86"
Prophylactic (Standard) 9(n=23/34) 33 (n = 32/95)

Intermediate 53 (n = 18/34) 28 (n = 27/95) 0.016"

Therapeutic 15 (n = 5/34/ 13 (n = 12/95)
Corticosteroid treatment
Corticosteroid at CT scan 6 (n = 2/34) 18 (n =17/79) 0.091
Comorbidities
Time from symptoms to CT (days) 23 (15-33) 17 (11-26) 0.014
Time from hospital admission to CT (days) 14 (4-20) 6 (1-15) 0.07
Hypertension 44 (n = 14/32) 36 (n = 34/94) 0.45%
Hyperlipidemia 18 (n = 6/33) 11 (n = 10/95) 0.251
Previous AMI 6 (n=2/34) 8 (n =7/96) 0.641
Heart failure 0 (n=0/34) 7 (n=7/96) 0.1t
Diabetes 12 (n = 4/34) 19 (n = 18/95) 0.341
COPD 3(n=1/32) 5 (n = 5/96) 0.63"
OSAS 9 (n = 3/34) 3 (n = 3/95) 0.18t
Asthma 22 (n =7/32) 16 (n = 15/96) 0.421
Kidney disease 3 (n=1/34) 4 (n = 4/96) 0.75%
Thromboembolic disease 0 (n = 0/34) 1 (n = 1/96) 0.551
Cancer (active and/or cured) 12 (n = 4/33) 15 (n = 14/95) 0.711
Radiologic morphology
Widespread parenchymal abnormalities 65 (n = 22/34) 56 (n = 54/96) 0.391
Main pulmonary artery diameter (mm), n = 130 29.3 (27.5-31.1) 28.5 (27.6-29.4) 0.43
Right ventricular diameter (mm), n = 130 41.1 (38.3-43.9) 38.5 (37.2-39.9) 0.06
Severe RV dysfunction on CT scan (RV/LV > 1.3) 18 (n = 13/34) 14 (n = 13/96) 0.56"
Laboratory data
CRP maximum during hospitalization (mg/L), n = 130 295 (250-341) 214 (187-241) 0.003
CRP at CT scan (mg/L), n = 130 149 (104-194) 102 (83-121) 0.026
White blood cell count at CT scan (109/L), n = 130 12.1 (10.1-14.2) 9.4 (8.3-10.4) <0.01
Hemoglobin at CT scan (g/L), n = 130 105 (98-112) 117 (113-121) 0.004
Platelet count (109/L) 334 (268-399) 340 (307-373) 0.85
P-creatinine at CT scan (umol/L), n = 130 107 (82-131) 78 (69-87) 0.007
P-procalcitonin (ng/L), n = 128 0.59 (0.30-1.17) 0.33(0.24-0.47) 0.10
D-dimer at CT scan (mg/L), n = 122 8.2 (5.8-11.8) 2.1(1.6-2.7) <0.0001
Troponin T at CT scan (ng/L), n = 110 41 (28-61) 18 (14-23) 0.0004
NT-proBNP at CT scan (ng/L), n = 66 1,410 (620-3200) 750 (410-1360) 0.20
Lowest PFI (PaO,/FiOy), n = 62 12.1(9.7-14.6) 11.8(9.8-13.8) 0.70tf
PFl at CT scan (PaO2/FiOp), n = 56 20.8 (14.9-26.6) 156.7 (12.8-18.6) 0.251f
Outcome data
Hospitalized at the end of study 21 (n=7/34) 16 (n = 15/96) 0.511
Intubated at CT scan 56 (n = 19/34) 25 (n = 24/96) 0.001%
ICU at CT scan 56 (n = 19/34) 24 (n = 23/96) <0.001"
Vasopressor treatment at CT scan 64 (n = 21/33) 32 (n = 29/92) 0.001"

(Continued)
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TABLE 1 | Continued

Demographics Pulmonary embolism No pulmonary embolism p-value
(n = 34) (n = 96)

Renal replacement therapy at CT scan 38 (n = 13/34) 13 (n = 12/96) 0.0011

ICU during stay 85 (n = 29/34) 45 (n = 43/96) <0.00017

30-day mortality 24 (n = 8/34) 15 (n = 14/96) 0.23f

60-day mortality 29 (n = 10/34) 15 (n = 14/96) 0.06"

Anticoagulant therapy at CT in deceased patients 70 (n=7/10) 86 (n = 12/14) 0.35%

Demographics are expressed as median (interquartile range). Radiological and laboratory data are expressed as mean (+ Cl). Procalcitonin, D-dimer, troponin T, and NT-ProBNP were
not normally diistributed and log-transformed and are expressed as geometric mean (+ Cl). Comorbidities, radiological, morphology, and outcome data are expressed as %, n, affected
subjects/total subjects in each group.

Statistical analyses are based on analysis of variance (t-test) between groups. p < 0.05 was considered significant. T pearson chi-squared. Values were log-transformed before
calculating. AMI, acute myocardial infarction; BMI, body mass index; Cl, confidence interval;, COPD, chronic obstructive pulmonary disease; CRF, C-reactive protein; CT, computed
tomography; CTPA, computed tomography pulmonary artery; ICU, intensive care unit; N.A., not applicable; PE, pulmonary embolism; OSAS, obstructive sleep apnea syndrome; PFI,

quotient between arterial partial oxygen pressure and the fraction of inspired oxygen; NT-proBNF, N-terminal pro brain natriuretic peptide; RV, right ventricular.

FIGURE 4 | Example of lung parenchyma involvement. A 46-year-old male with no widespread parenchymal abnormalities (infiltrates affecting <50% of the lungs).
Forty-two percent of the whole cohort was classified as having <50% involvement of the parenchyma.

The fraction of inspired oxygen was measured directly on
ventilators or calculated from the oxygen flow and administration
method. The PaO, was obtained from the blood gas analysis
(ABL800 FLEX, Triolab AB, Mélndahl, Sweden; PFI reference
>50 kPa).

Statistical Analysis

Anthropometric data are presented as median (interquartile
range). Radiological and laboratory parameters are presented
as mean =+ 95% confidence interval (CI) in Tables1, 2.
Normal distribution was achieved by log-transformation of
procalcitonin, D-dimer, troponin T, and NT-proBNP values and
are presented as geometric mean + CI. Student’s ¢-test was used
for comparison of means, when the distribution was normal. In

non-normal distribution, the Mann-Whitney U-test was used for
comparisons (lowest PFI during hospitalization). For multiple
variables, the analysis of variance (ANOVA), analysis of co-
variance (ANCOVA), and post-hoc Fisher’s test were used, when
the distribution was normal, while Kruskal-Wallis test and post-
hoc multiple comparisons of mean ranks test were applied when
the distribution was non-normal (Table2). Pearson’s x* test
was used for the comparison of categorical variables. Single
odds ratios (ORs) for the PE event and 60-day mortality were
calculated for certain variables of interest (Table3), and a
multiple OR calculation was performed. The upper and lower
(for hemoglobin and platelet count) interquartile values in all
130 patients were labeled as cutoff values for the OR calculation
(Table3). A p < 0.05 was considered significant. Statistical

Frontiers in Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 666723


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Jalde et al.

COVID-19 CT Findings and Mortality

FIGURE 5 | Examples of lung parenchyma involvement. A 62-year-old male with widespread parenchymal abnormalities (infiltrates affecting >50% of the lungs).
Fifty-eight percent of the whole cohort was classified as having >50% involvement of the parenchyma.

analyses were performed using Statistical Stat Soft, version 10
(Tulsa, Ok, USA).

RESULTS

General Patient Data

This study included 130 patients with a positive COVID-19
RT-PCR and clinically suspected to have PE [35 women and
95 men, median age 57 years (interquartile range 51-64)]. The
patients were investigated with CTPA on average 21 days after
symptom onset (range 1-55 days) and comprised 20% of all 640
hospitalized patients. PE was confirmed in 34 patients, which
represents 26% of patients who underwent CTPA and 5.3% of
all hospitalized COVID-19 patients. Anthropometric data for all
individuals are presented in Table 1. All but 8 of the 34 (24%)
patients were on anticoagulant therapy prior to the diagnosis of
PE. Patients with PE had a longer time delay from first symptoms
to CT scan (p < 0.05, Table 1), but no differences in days of
hospitalization prior to CTPA (Table 1). Of all patients, 15 out of
130 (12%) were examined with CT scan at the day of admission,
with confirmed PE in 13% of cases.

Segmental/sub segmental, rather than central/lobular, emboli
were found in 22 of the 34 patients (65%; Qanadli score <
5; Figures 6-8). Increased main pulmonary artery diameter
correlated positively with max CRP (r = 0.28, p = 0.001, and n
= 130) and procalcitonin (r = 0.24, p = 0.006, and n = 127) in
the entire cohort (Figure 9).

Pulmonary artery diameter at CT did not differ between
patients with or without PE (Table 1). A tendency for increased

right ventricular diameter was present in the PE group (p =
0.06, Table 1). Max CRP together with CRP, WBC counts, P-
creatinine, procalcitonin, D-dimer, and troponin T all obtained
at CT timepoint were significantly higher while hemoglobin
was lower in patients positive CT for PE, compared to those
without PE (Table 1). The prevalence of intubation at CT, ICU
stay, vasopressor treatment, and renal replacement therapy were
higher in the PE group (Table 1). D-dimer correlated positively
with length of hospitalization in the group without PE (r = 0.397,
p < 0.0001, and n = 90), but not in the PE group (r = —0.09).

Patients With or Without Widespread

Parenchymal Abnormalities

Of the 130 patients, 76 (58%) were radiologically classified as
having WPA (Table 2). No major differences in comorbidities
were found between the groups with or without WPA. However,
patients with WPA had significantly higher max CRP, WBC
count, P-creatinine, procalcitonin, D-dimer, and troponin T
levels (Figure 10) and lower hemoglobin levels than the group
without PE and without WPA (Table 2). Dividing the material
into two groups with or without WPA, the WPA group had higher
D-dimer levels [mean =+ CI: 4.6 (3.1-6.1) (n = 70) vs. 1.7 (1.2-
2.3) (n = 52) mg/L; p < 0.0001, n = 122, ANOVA t-test]. In
post-hoc analysis, higher D-dimer was present in the WPA group
with PE compared with WPA without PE (p < 0.001, Table 2).
Pulmonary artery diameter was greater in patients with WPA,
compared to those without WPA (p < 0.05, post-hoc Fisher’s test,
Table 2, Figure 10).
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TABLE 2 | Demographics, comorbidities, radiology, laboratory, and outcome data of COVID-19 individuals with or without PE divided into presence or absence of

widespread parenchymal abnormalities.

Demographics 1.Not widespread 2. Widespread 3. Not widespread 4. Widespread p-value
parenchymal parenchymal parenchymal parenchymal
abnormalities, abnormalities, abnormalities + PE abnormalities + PE
no PE no PE
(n=43) (n =53) (n=12) (n=22)
Gender (male/female) 28/15 40/13 10/2 17/5 0.50"
Age (years) 58 (49-65) 57 (51-64) 58 (48-63) 58 (51-68) 0.92
Weight (kg) 80 (72-94) 82 (72-93) 82 (69-93) 83 (72-97) 0.92
Length (cm) 177 (164-183) 172 (165-179) 172 (170-183) 175 (172-180) 0.49
BMI (kg/m?) 27 (24-31) 28 (24-31) 29 (23-30) 27 (23-29) 0.99
Anticoagulant therapy
24-h before CT scan 60 (n = 26/43)*vs. 3 85 (n = 45/53)* vs. 3 58 (n=7/12) 86 (n = 19/22)* vs. 3 0.0071t
Prophylactic (Standard) 37 (n = 16/43) 30 (n = 16/52) 17 (n=2/12) 5 =1/22)
Intermediate 19 (h = 8/43 36 (n = 19/52) 17 (h=2/12) 73 (n =16/22) <0.001"
Therapeutic 5 (n = 2/43) 19 (n = 10/52) 25 (n = 3/12) 9 (n=2/22)
Corticosteroid treatment
Corticosteroid at CT scan 16 (n = 7/43) 20 (n = 10/49) 8(n=1/12) 5((n=1/22) 0.32f
Comorbidities
Time from symptoms to CT (days) 14 (12-20) 23 (11-31)* vs. 1 19 (14-30) 25 (16-36)** vs. 1 <0.001
Time from hospital admission to CT (days) 3 (1-6) 13 (3-22)** vs. 1 12 (2-19)* vs. 1 16 (4-22)"** vs. 1 <0.0001
Hypertension 33 (n = 14/42) 38 (n = 20/52) 42 (n =5/12) 45 (n = 9/20) 0.83"
Hyperlipidemia 12 (n = 5/43) 10 (n = 5/52) 18 (n = 2/11) 18 (n = 4/22) 0.717
Previous AMI 2 (n=1/43) 13 (n = 7/593) 0(n=0/12) 9(n=2/22) 0.17f
Heart failure 7 (n=3/43) 8 (n = 4/53) 0(h=0/12) 0(n=0/22) 0.451
Diabetes 14 (n = 6/42) 23 (n = 12/583) 8(n=1/12) 14 (n = 3/22) 0.53"
COPD 5 (n = 2/43) 6 (n = 3/53) 8(n=0/12) 5(n=1/22) 0.87"
OSAS 5 (n = 2/42) 2 (n=1/53) 8(n=1/12) 9 (n = 2/22) 0.521
Asthma 14 (n = 6/43) 17 (n = 9/53) 27 (n = 3/11) 19 (n = 4/21) 0.76"
Kidney disease 0 (n = 0/43) 8 (n = 4/53) 8(n=1/12) 0(n=0/22) 0.16"
Thromboembolic disease 2 (n=1/43) 0 (n = 0/53) 0(=0/12) 0(n=0/22) 0.56"
Cancer (active and/or cured) 21 (n = 9/42) 9 (n = 5/53) 17 (n = 2/12) 10 (n = 2/21) 0.35"
Radiology
Main pulmonary artery diameter (mm), n = 130 27.4 (26.0-28.8) 29.4 (28.1-30.8) *vs. 1 27.4 (24.3-30.4) 30.4 (28.1-32.6)* vs. 1 0.048
Right ventricular diameter (mm), n = 130 38.0 (35.8-40.1) 39.0 (37.3-40.7) 39.8 (33.4-46.1) 41.9 (38.9-44.9) 0.20
Severe RV dysfunction on CT scan (RV/LV > 1.3) 12 (5/43) 15 (8/53) 8(1/12) 23 (6/22) 0.60
Laboratory data
CRP maximum during hospitalization (mg/L), 139 (103-174) 275 (243-307)** vs. 1 241 (160-323) 325 (270-380)"** vs. <0.0001
n=130 1/*vs. 3
CRP at CT scan (mg/L), n = 130 76 (55-98) 123 (94-152)* vs. 1 116 (31-201) 167 (111-222)*** vs. 1 0.009
White blood cell count at CT scan (10%/L), n = 130 7.1(6.0-8.3) 11.2 (9.7-12.6)"* vs. 1 13.7 (9.9-17.5)"* vs. 1 11.3(8.7-13.9) *vs. 1 <0.0001
Hemoglobin at CT scan (g/L), n = 130 125 (120-131) 109 (104-114)"** vs. 1 119 (105-133) 97 (90-104)** vs. 1/ <0.0001
vs. 2/** vs. 3
P-creatinine at CT scan (umol/L), n = 130 68 (62-74) 86 (70-101) 91 (60-122) 116 (80-151)"** vs. 1/* 0.009
vs. 2
Platelet at CT scan (10%/L) 342 (298-385) 339 (288-389) 362 (215-509) 318 (245-391) 0.91
P-procalcitonin at CT scan (ng/L), n = 128 0.21(0.13-0.34) 0.48 (0.30-0.77)* vs. 1 0.28 (0.07-1.11) 0.86 (0.40-1.88)** vs. 1 0.010
D-dimer at CT scan (mg/L), n = 122 1.2(0.9-1.6) 3.3 (2.4-4.6)" vs. 1 6.1(2.8-13.3) **vs. 1 9.6 (6.5-14.4)"* vs. <0.0001
1/7*vs. 2
Troponin T at CT scan (ng/L), n = 110 10 (8-12) (n = 10) 28 (20-39)** vs. 1 30 (14-66) *vs. 1 (n=2)  48(30-77) **vs. 1/*  <0.0001
(n=8) vs. 2
NT-proBNP at CT scan (ng/L), n = 66 750 (75-2,730) 1020 (531-1,977) 540 (94-3,087) (n =7) 1820 (690-4,800) 0.096
(n=32) (h=13) (h=23)
(Continued)
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TABLE 2 | Continued

Demographics 1.Not widespread 2. Widespread 3. Not widespread 4. Widespread p-value

parenchymal parenchymal parenchymal parenchymal

abnormalities, abnormalities, abnormalities + PE abnormalities + PE

no PE no PE
(n=43) (n =53) (n=12) (n=22)

Lowest PFI (PaO,/FiOy), n = 62 15.4 (10-21) (0 =31)  10.2 (8.5-12) (n = 26) 15.3(8.9-21.6)(n=4)  10.5(8.4-125)(n=7)  0.050'"
PFI at CT scan (Pa0y/FiO), n = 56 22 (15-30) (n = 33) 13 (10-16) (n = 28) 23 (7-39) (n = 6) 20(13-27) (n=7) 0.0541t
Outcome data
Hospitalized at the end of study 7 (n=38/42) 23 (n = 12/53) 8(n=1/12) 27 (n = 6/22) 0.09
ICU at CT scan 0 43 (n = 23/53)* vs. 1 25 (n =3/12) 73 (n =16/22)* vs. 1 <0.0001F
Intubated at CT scan 2 (n=1/43) 43 (n = 23/53)* vs. 1 25 (n =3/12) 73 (n = 16/22)* vs. 1 <0.0001%
Vasopressor treatment at CT scan 12 (n = 5/43) 49 (n = 24/49)* vs. 1 55 (n = 6/11) 68 (n = 15/22)* vs. 1 <0.0001%
Renal replacement therapy at CT scan 2 (n=1/43) 21 (n =11/53)* vs. 1 8(n=1/12) 55 (n = 12/22)* vs. 1 <0.0001%
ICU during stay 16 (n=7/43) 68 (n = 36/53)* vs. 1 67 (n=8/12) 95 (n = 21/22)* vs. 1 <0.0001*
60-day mortality 0% (n = 0/43) 26% (n = 14/53)* vs. 1 17% (n = 2/12) 36% (n = 8/22) <0.001"
Anticoagulant therapy at CT in deceased patients - 86 (n = 12/14) 50 (n=1/2) 75 (n = 6/8) 0.48t

Demographics are expressed as median (interquartile range). Radiological and laboratory data are expressed as mean (% Cl). Procalcitonin, D-dimer, troponin T, and NT-ProBNP were
not normally distributed and log-transformed and are expressed as geometric mean (£ Cl). Comorbidities, radiology, and outcome data are expressed as %, n, affected subjects/total
subjects in each group. For troponin T, NT proBNF, lowest PFl, and PFI at CT, the missing numbers (n) are shown.

Statistical analyses are based on analysis of variance (t-test) between groups. p < 0.05 was considered significant. " pearson chi-squared. 7‘7bNon—,oarametr/c Kruskal-Wallis test.
Post-hoc with Fisher’s test for non-parametric comparisons between mean rank. AMI, acute myocardial infarction; BMI, body mass index; ClI, confidence interval; COPD, chronic
obstructive pulmonary disease; CRF, C-reactive protein; CT, computed tomography; ICU, intensive care unit; N.A., not applicable; PE, pulmonary embolism; OSAS, obstructive sleep
apnea syndrome; PFI, quotient between arterial partial oxygen pressure and fraction of inspired oxygen; NT-proBNF, N-terminal pro brain natriuretic peptide; RV, right ventricular. *p <
0.05, **p < 0.01, and ***p < 0.001.

TABLE 3 | Odds ratios for certain variables to PE event and 60-day mortality.

Variable N Above or below Odds ratio PE (+ p-value Odds ratio 60-day p-value

median 95% confidence mortality

laboratory value interval) (£ 95% confidence
interval)

Kidney disease 130 0.69 (0.07-6.6) 0.74 7.4 (1.1-48.1) 0.035
CRP max (mg/L) 130 >343 2.7 (1.1-6.2) 0.024 3.1 (1.2-7.9) 0.020
White blood cell count (10°/L) 130 >12.4 2.7 (1.1-6.2) 0.024 3.8 (1.56-9.7) 0.005
Hemoglobin (g/L) 130 <96 2.8 (1.2-6.7) 0.017 2.6 (1.0-6.6) 0.051
P-creatinine (wmol/L) 130 >102 2.8 (1.2-6.7) 0.017 8.1(3.1-21.7) <0.0001
Procalcitonin (ug/L) 127 >0.92 2.6 (1.1-6.1) 0.034 3.3 (1.3-8.5) 0.014
P-thrombocytes 130 <227 1.3(0.5-3.2) 0.53 2.1(0.8-5.9) 0.14
D-dimer (mg/L) 122 >7.2 5.0 (2.0-12.0) 0.0003 4.0 (1.5-10.6) 0.005
Troponin-T (109/L) 110 >45 2.7 (1.1-6.6) 0.034 13.0 (4.4-38) <0.0001
PFI lowest (Pa0y/FiO5) 62 0.47 (0.13-1.7) 0.24 6.0 (1.7-21) 0.003
ICU stay 130 7.1 (2.5-20) <0.0001 7.5(2.1-27) <0.001
Vasopressor treatment at CT 125 3.8 (1.6-8.8) 0.001 6.5 (2.3-18) 0.0001
Renal replacement therapy at CT 130 43(1.7-11.0) 0.002 5.6 (2.1-15.0) 0.001
Widespread parenchymal abnormalities 130 1.4 (0.6-3.2) 0.39 10.6 (2.3-48) <0.0001

CRR, C-reactive protein; CT, computed tomography; ICU, intensive care unit; PE, pulmonary embolism; PFI is the quotient between arterial partial oxygen pressure and the fraction of
inspired oxygen.

A higher proportion of patients had standard/prophylactic ~ Sixty-Day Mortality
anticoagulant therapy in the WPA without PE compared to the =~ No deaths occurred in the group without both PE and WPA.
WPA with PE group (30 vs. 5%) (Table 2). Patients with WPA  In the WPA groups, with and without PE, the mortality rate
with or without PE had a tendency to a lower oxygenation was 36 and 26%, respectively (p < 0.001, Table2). The two
index during hospitalization (p = 0.05, Kruskal-Wallis test,  patients without WPA + PE who died had Qanadli scores of 7
Table 2). and 27 (highest in the entire group). A wider main pulmonary
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FIGURE 6 | Qanadli score in the pulmonary embolism (PE) group. Sixty-five
percent of the PE patients had a Qanadli score between 0 and 5, indicating
small peripheral emboli in a large part of the PE cohort.

FIGURE 7 | CT images of two different patients with COVID-19. A 58-year-old
male with widespread parenchymal abnormalities and consolidations (large
arrow) and small peripheral emboli (small arrow). Two-thirds (22/34) of the PE
patient group were classified as having widespread parenchymal
abnormalities.

FIGURE 8 | CT images of two different patients with COVID-19. A
middle-aged male with limited peripheral ground glass opacities (large arrow)
and large central emboli (small arrow).

artery diameter, adjusted for weight, was found in non-surviving
patients compared to surviving patients [width 30.6 mm (28.7-
32.3) vs. 28.3mm (27.4-29.2); p = 0.037, n = 125, ANCOVA,
test]. Right ventricular diameter was not related to mortality.

Odds Ratio Analyses
Univariate OR analysis of certain variables for PE and 60-day
mortality are shown in Table 3.

In multiple OR testing (with the variables CRP maximum,
WBC count, hemoglobin P-creatinine, D-dimer, procalcitonin,
and ICU during stay), PE was related to D-dimer >7.2 mg/L,
[OR = 4.1 (CI = 1.4-12.0)] and ICU stay [OR = 5.6 (CI =
1.5-21)] (p = 0.0004, n = 120). In another multiple OR testing
model (with the laboratory variables CRP maximum, WBC
count, hemoglobin, P-creatinine, platelet, D-dimer, and troponin
T), troponin T > 40 x 10°/L [OR = 8.1 (CI = 1.9-35)], D-
dimer >7.2 mg/L [OR = 5.2 (CI = 1.3-20.1)], and P-creatinine
>102 pmol/L [OR = 4.9 (CI = 1.3-20)] (p = 0.0001, n = 106)
were associated with 60-day mortality. In addition, in the entire
cohort, WPA [OR = 8.5 (Cl = 1.8-41)] and P-creatinine >102
pmol/L [OR = 5.7 (CI = 2.0-16.1)] were significantly associated
with 60-day mortality (p < 0.0001, n = 130), while the presence
of PE was not.
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FIGURE 9 | Correlation between the main pulmonary diameter on CT and maximum C-reactive protein [CRP; unfilled circle; y = 26.4208 + 0.098x, r = 0.28, p =
0.001, dashed line (...), n = 130] or procalcitonin levels [filled circle; y = 29.444 + 0.463x, r = 0.24, p = 0.007, dashed line (...), n = 127] in hospitalized
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DISCUSSION

The present study describes radiological findings in hospitalized
COVID-19 patients who underwent CTPA for suspected PE and
assesses possible associations with disease severity and mortality.
PE was confirmed in 26% of cases. Patients with PE were more
often treated in the ICU and required mechanical ventilation.
The majority of the pulmonary emboli were small, with a sub-
segmental distribution. Patients with PE had higher D-dimer,
troponin T, WBC count, CRP, and P-creatinine levels and lower
hemoglobin levels compared to patients without PE.

The highest mortality in our study was observed in the patient
phenotype with WPA combined with PE and higher CRP levels.
Furthermore, the mortality was higher in patients with WPA
and lower PFI. These findings reflect a more severe COVID-19
disease and are in agreement with the criteria defining severity in
ARDS (13).

The frequency of PE in the present study is in line with
data reported from other European countries (4, 5). In the
Netherlands, thromboembolic complications were reported in
57 of 184 (31%) patients with COVID-19 ARDS and treated
in ICU, and the lung was the most common localization of
thromboembolism (25%) (5). In a French study, in which
all consecutive patients with COVID-19 performed CTPA at
admission, PE was diagnosed in 14.2% of the patients (14).
Our cohort had a higher frequency of PE than another
study that also reported a lower incidence of ICU admissions,
suggesting that fewer patients were critically ill (15). In a
recent review, the prevalence of PE in hospitalized COVID-
19 patients was reported to be 3.5% in non-ICU and
13.7% in ICU patients, with an overall incidence of venous
thromboembolism of 14% across the studies included in their
analysis (6).

Prolonged immobilization in the ICU increases the risk
of thromboembolic disease. However, the occurrence of PE
observed in our study is higher than previous reports on non-
COVID ICU patients (16) or on critically ill patients (17).
Accordingly, within an ICU setting, Helms et al. (16) also
found significantly more thrombotic events in COVID-19 ARDS,
compared to non-COVID-19 ARDS, mainly represented by PE
(14 vs. 2%). The difference reported between studies on PE
prevalence in COVID-19 also mirrors the difficulty during the
COVID-19 pandemics to standardize PE screening (18).

Autopsy data on COVID-19 patients have clearly revealed
distinct vascular findings in the lungs, with widespread
thrombosis and microangiopathy nine times more frequent
than in patients with ARDS secondary to influenza (19). In
an interesting study by Diehl et al. (7), the authors suggest
that endothelial damage may play an important role in the
pathogenesis of COVID-19 respiratory failure, since the SARS-
COV2 receptor (ACE2) is highly expressed on the surface of
endothelial cells. The viral infection may damage the endothelial
cells and may then trigger the activation of coagulation. The
authors demonstrated the presence of endothelial lesions in
COVID-19 ARDS, by measuring increased levels of circulating
endothelial cells (marker of endothelial lesion) together
with raised D-dimers (marker of thrombosis) and found
an association with increased physiological dead space and
ineffective ventilation. Furthermore, curative anticoagulation
could prevent COVID-19 coagulopathy and endothelial
lesion (20).

The study by Fauvel et al. (21) strengthens the strong
interaction of inflammation and coagulopathy in COVID-
19. In our study, WPA were also associated with a high
inflammatory state, mirrored by high CRP, WBC count,
procalcitonin, and D-dimer. The increase of D-dimers
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FIGURE 10 | Main pulmonary artery diameter (mm), P-creatinine (umol/L), D-dimer (mg/L), and troponin T (10%/L) in the four different groups. (A) Main pulmonary
artery diameter (mm), (B) P-creatinine (wmol/L), (C) D-dimer (mg/L), and (D) troponin T (10°/L). Bars represent mean values + 95% confidence intervals in the different
groups. (1) No widespread parenchymal abnormalities (WPA), no pulmonary embolism (PE); (2) WPA, no PE; (3) No WPA+PE; and (4) WPA+PE. For main pulmonary
artery diameter, the red and black dashed lines represent 90% cutoff values in men and women, respectively, from a large reference material of 3,171 men and
women (12).

may reflect microthrombi formation in COVID-19, and
indeed, reported histopathological observations revealed
the presence of alveolar fibrin deposits in pulmonary
samples (22).

The interpretation of increased D-dimer levels in COVID-
19 is a complex issue and has been debated in many studies.
There is a technical difficulty comparing results from different
assays expressed in different units (23). In line with our findings,
some studies have shown D-dimer to be a marker of COVID-
19 disease severity and a predictor of mortality (24, 25). Other
researchers showed that higher D-dimer levels were associated
with a higher risk of PE (21, 26, 27). Furthermore, some
authors suggest the use of a predefined D-dimer level as a
tool in PE diagnosis, with the cutoff adjusted for COVID-19
(18). In addition, there have been attempts to identify a D-
dimer threshold for risk stratification and support for enhanced
anticoagulation (28).

The optimal strategy for prevention of thromboembolic
events in critically ill COVID-19 patients is uncertain. Clinical
guidelines suggest standard dose LMWH in hospitalized
COVID-19 patients and intermediate doses to be considered in
ICU patients with high risk (29). Recent studies have reported
benefits of anticoagulation therapy before hospitalization
(21, 30) and guidelines suggest the same (31). Some studies
have shown lower mortality rates in severe COVID-19
treated with therapeutic doses of LMWH compared with
prophylactic/intermediate doses (32, 33). According to Tang
et al., neither prophylactic nor intermediate doses of LMWH in
patients with very severe COVID-19 are associated with a better
outcome (34). According to Sadeghipur, the use of intermediate
doses, compared with standard doses, did not result in lower
incidence of embolism or mortality in ICU patients (35).

From a morphological point of view, the analysis of the
PE distribution in our cohort revealed the presence of both
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central/lobular and segmental/sub-segmental emboli, with a
predominance of the latter. Increased main pulmonary artery
diameter was associated with WPA and 60-day mortality.
The main pulmonary diameter has been regarded as a sign
of pulmonary hypertension, and a diameter >29mm is
often used as a cutoff in men (12, 36). However pulmonary
hypertension is also seen in non-COVID-19-associated
ARDS and is multifactorial, with factors including hypoxia
and hypercapnia, severity of the parenchymal disease, and
possibly microembolism.

Higher troponin T levels were associated with an increased
60-day mortality rate. Other studies have reported the same
finding (37). This reflects myocardial damage that may be
caused by severe infection, hypoxia, cytokine storm, and
cardiovascular microthrombosis or embolism (38, 39). In the
study by Goudot et al,, the high-sensitivity cardiac troponin
was shown to be the best predictor of ICU referral for
COVID-19 patients (40). Furthermore, the association of high
levels of high-sensitivity cardiac troponin, D-dimer, and right
ventricle dilatation emphazises the hypothesis of underlying
microthrombosis in COVID-19, causing increased right ventricle
afterload, dilatation, and some degree of myocardial injury (40).

The lowest hemoglobin levels were found in patients with
WPA and PE. Low hemoglobin has also been reported frequently
in the ICU and in critically ill COVID-19 patients (41). We
believe that lower hemoglobin levels in COVID-19 patients could
be explained by longer hospitalization and by red blood cell
destruction in presence of microthrombosis.

In the present study, P-creatinine was also associated with
60-day mortality in the multiple OR analysis. This finding may
reflect kidney injury of thromboembolic origin in COVID-19
disease (42) and has previously been correlated with increased
D-dimers levels (43). Whether iodinated contrast is more toxic
in COVID-19 is not known.

One strength of the present study is the prospective collection
of patients with a positive virus test from regular wards, high-
dependency units, and ICUs. Two experienced radiologists
validated the CT findings independently, and thin slices allowed
us to detect both small and large emboli and lung parenchymal
disease. The present study comprises a relatively small sample
of patients, but our data highlight possible morphological
and laboratory markers of COVID-19 disease severity. Of the
variables considered in our study, D-dimer and troponin T best
predicted the disease severity.

One major limitation of this study is that patients were chosen
by convenience sampling. Only patients with a clinical suspicion
of PE and stable enough to be transported to the radiology
department were investigated by CTPA and included in the
study. Thus, some COVID-19 patients were missed and even the
occurrence of PE might have been underestimated. Therefore,
our findings may not be generalized to the entire population of
COVID-19 patients. Radiological limitations include respiration
artifacts, which, in combination with widespread consolidations,
could make the detection of small peripheral PE more difficult.
These technical difficulties may lead to underestimation of the

real incidence of PE in patients with WPA. However, we do not
believe that this altered the major findings in the study.

In conclusion, in our population, clinically suspected
pulmonary embolism was confirmed by radiology in 26%
of cases. However, widespread pulmonary infiltrates (WPA)
were even more common (66%). D-dimer was confirmed
as the superior laboratory parameter for prediction of risk
for pulmonary embolism. Pulmonary embolism contributed
to mortality risk in COVID-19 patients with widespread
parenchymal abnormalities. Most thrombi were small and
could be easily missed. Elevated CRP, D-dimer, troponin-T,
P-creatinine, and enlarged pulmonary artery were associated
with a worse outcome and may mirror a more severe systemic
disease. A liberal approach to radiological investigation should be
recommended at clinical deterioration, when the situation allows
it. Although CTPA added to risk assessment, CT imaging even
without intravenous contrast to assess the severity of pulmonary
infiltrates in combination with clinical laboratory parameters
might be of value to predict outcome. Better radiological
techniques with higher resolution could improve the detection of
microthromboses. This could influence anticoagulant treatment,
preventing clinical deterioration.

DATA AVAILABILITY STATEMENT

The presented in  this study can Dbe
found online repositories. The names of the
repository/repositories and accession number(s) can be found
at: 10.6084/m9.figshare.13299164.

datasets
in

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Karolinska University Hospital, Sweden. Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

FJ, MOB, MB, SN, and AK were involved in the concept and
design of the study. FJ, AK, MOB, SN, and AS performed the
data analysis. FJ, MOB, MS, AS, MB, FS, SN, and AK contributed
to interpreting the data. The first draft was written by FJ and
AK. All co-authors were engaged in revising the final version
of the manuscript and provided final approval of the version to
be published.

FUNDING

This study was supported by Karolinska Institutet, Karolinska
University Hospital, from KTH the Royal Institute of
Technology, Stockholm, Sweden, from Hedlunds foundation
Grant No. M-2021-1670 and by a donation from Einar Mattsson.

Frontiers in Medicine | www.frontiersin.org

13

June 2021 | Volume 8 | Article 666723


https://figshare.com/articles/dataset/dx_doi_org_10_6084_m9_figshare_13299164/13299164
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Jalde et al.

COVID-19 CT Findings and Mortality

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, et al. Evolution of the novel

coronavirus from the ongoing Wuhan outbreak and modeling of its spike
protein for risk of human transmission. Sci China Life Sci. (2020) 63:457-60.
doi: 10.1007/s11427-020-1637-5

. Zhou S, Wang Y, Zhu T, Xia L. CT features of coronavirus disease 2019

(COVID-19) pneumonia in 62 patients in Wuhan, China. AJR Am ]
Roentgenol. (2020) 214:1287-94. doi: 10.2214/AJR.20.22975

. Wu C, Chen X, Cai Y, Xia J, Zhou X, Xu S, et al. Risk factors associated with

acute respiratory distress syndrome and death in patients with coronavirus
disease 2019 pneumonia in Wuhan, China. JAMA Intern Med. (2020)
180:934-43. doi: 10.1001/jamainternmed.2020.0994

. Grillet E Behr J, Calame P, Aubry S, Delabrousse E. Acute pulmonary

embolism associated with COVID-19 pneumonia detected by pulmonary CT
angiography. Radiology. (2020) 296:E186-E8. doi: 10.1148/radiol.2020201544

. Klok FA, Kruip M, van der Meer NJM, Arbous MS, Gommers D,

Kant KM, et al. Incidence of thrombotic complications in critically
ill ICU patients with COVID-19. Thromb Res. (2020) 191:145-7.
doi: 10.1016/j.thromres.2020.04.013

. Nopp S, Moik E, Jilma B, Pabinger I, Ay C. Risk of venous thromboembolism

in patients with COVID-19: a systematic review and meta-analysis. Res Pract
Thromb Haemost. (2020) 4:1178-91. doi: 10.1002/rth2.12439

. Diehl JL, Peron N, Chocron R, Debuc B, Guerot E, Hauw-Berlemont C, et al.

Respiratory mechanics and gas exchanges in the early course of COVID-
19 ARDS: a hypothesis-generating study. Ann Intensive Care. (2020) 10:95.
doi: 10.1186/513613-020-00716-1

. Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, Dane K,

et al. American Society of Hematology 2021 guidelines on the use of
anticoagulation for thromboprophylaxis in patients with COVID-19. Blood
Adv. (2021) 5:872-88. doi: 10.1182/bloodadvances.2020003763

. Qanadli SD, El Hajjam M, Vieillard-Baron A, Joseph T, Mesurolle B, Oliva

VL, et al. New CT index to quantify arterial obstruction in pulmonary
embolism: comparison with angiographic index and echocardiography. AJR
Am ] Roentgenol. (2001) 176:1415-20. doi: 10.2214/ajr.176.6.1761415

Ye Z, Zhang Y, Wang Y, Huang Z, Song B. Chest CT manifestations of new
coronavirus disease 2019 (COVID-19): a pictorial review. Eur Radiol. (2020)
30:4381-9. doi: 10.1007/500330-020-06801-0

Revel MP, Parkar AP, Prosch H, Silva M, Sverzellati N, Gleeson E et al.
COVID-19 patients and the radiology department - advice from the European
Society of Radiology (ESR) and the European Society of Thoracic Imaging
(ESTTI). Eur Radiol. (2020) 30:4903-9. doi: 10.1007/s00330-020-06865-y
Truong QA, Massaro JM, Rogers IS, Mahabadi AA, Kriegel ME, Fox CS, et al.
Reference values for normal pulmonary artery dimensions by noncontrast
cardiac computed tomography: the Framingham Heart Study. Circ Cardiovasc
Imaging. (2012) 5:147-54. doi: 10.1161/CIRCIMAGING.111.968610

Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND,
Caldwell E, et al. Acute respiratory distress syndrome: the Berlin Definition.
JAMA. (2012) 307:2526-33. doi: 10.1001/jama.2012.5669

Jevnikar M, Sanchez O, Chocron R, Andronikof M, Raphael M, Meyrignac
O, et al. Prevalence of pulmonary embolism in patients with COVID
19 at the time of hospital admission. Eur Respir J. (2021) 57:2100116.
doi: 10.1183/13993003.00116-2021

Poyiadji N, Cormier P, Patel PY, Hadied MO, Bhargava P, Khanna K, et al.
Acute pulmonary embolism and COVID-19. Radiology. (2020) 297:E335-8.
doi: 10.1148/radiol.2020201955

Helms J, Tacquard C, Severac F, Leonard-Lorant I, Ohana M, Delabranche X,
et al. High risk of thrombosis in patients with severe SARS-CoV-2 infection: a
multicenter prospective cohort study. Intensive Care Med. (2020) 46:1089-98.
doi: 10.1007/s00134-020-06062-x

Lim W, Meade M, Lauzier E Zarychanski R, Mehta S, Lamontagne
E et al. Failure of anticoagulant thromboprophylaxis: risk factors in
medical-surgical critically ill patients®. Crit Care Med. (2015) 43:401-10.
doi: 10.1097/CCM.0000000000000713

Planquette B, Le Berre A, Khider L, Yannoutsos A, Gendron N, de Torcy M.
Prevalence and characteristics of pulmonary embolism in 1042 COVID-19
patients with respiratory symptoms: a nested case-control study. Thromb Res.
(2021) 197:94-9. doi: 10.1016/j.thromres.2020.11.001

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger E

et al. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in
Covid-19. N Engl ] Med. (2020) 383:120-8. doi: 10.1056/NEJMoa2015432
Khider L, Gendron N, Goudot G, Chocron R, Hauw-Berlemont C, Cheng
C, et al. Curative anticoagulation prevents endothelial lesion in COVID-19
patients. ] Thromb Haemost. (2020) 18:2391-9. doi: 10.1111/jth.14968

Fauvel C, Weizman O, Trimaille A, Mika D, Pommier T, Pace N, et al.
Pulmonary embolism in COVID-19 patients: a French multicentre cohort
study. Eur Heart J. (2020) 41:3058-68. doi: 10.1093/eurheartj/ehaa500

Zhang H, Zhou P, Wei Y, Yue H, Wang Y, Hu M, et al. Histopathologic changes
and SARS-CoV-2 immunostaining in the lung of a patient with COVID-19.
Ann Intern Med. (2020) 172:629-32. doi: 10.7326/M20-0533

Thachil ], Longstaff C, Favaloro EJ, Lippi G, Urano T, Kim PY, et al.
The need for accurate D-dimer reporting in COVID-19: communication
from the ISTH SSC on fibrinolysis. ] Thromb Haemost. (2020) 18:2408-11.
doi: 10.1111/jth.14956

Cummings MJ, Baldwin MR, Abrams D, Jacobson SD, Meyer BJ, Balough
EM, et al. Epidemiology, clinical course, and outcomes of critically ill adults
with COVID-19 in New York City: a prospective cohort study. Lancet. (2020)
395:1763-70. doi: 10.1016/S0140-6736(20)31189-2

Grasselli G, Tonetti T, Protti A, Langer T, Girardis M, Bellani G,
et al. Pathophysiology of COVID-19-associated acute respiratory distress
syndrome: a multicentre prospective observational study. Lancet Respir Med.
(2020) 8:1201-8. doi: 10.1016/52213-2600(20)30370-2

Garcia-Olive I, Sintes H, Radua J, Abad Capa J, Rosell A. D-dimer in patients
infected with COVID-19 and suspected pulmonary embolism. Respir Med.
(2020) 169:106023. doi: 10.1016/j.rmed.2020.106023

Leonard-Lorant I, Delabranche X, Severac F, Helms J, Pauzet C, Collange
O, et al. Acute pulmonary embolism in COVID-19 patients on CT
angiography and relationship to D-dimer levels. Radiology. (2020) 296:E189-
91. doi: 10.1148/radiol.2020201561

Oudkerk M, Buller HR, Kuijpers D, van Es N, Oudkerk SEF, McLoud
T, et al. Diagnosis, prevention, and treatment of thromboembolic
complications in COVID-19: report of the National Institute for
Public Health of the Netherlands. Radiology. (2020) 297:E216-E22.
doi: 10.1148/radiol.2020201629

Spyropoulos AC, Levy JH, Ageno W, Connors JM, Hunt BJ, Iba T,
et al. Subcommittee on Perioperative and Haemostasis 2020 Scientific
and Standardization Committee communication: Clinical guidance on
the diagnosis, prevention, and treatment of venous thromboembolism in
hospitalized patients with COVID-19. ] Thromb Haemost. (2020) 18:1859-65.
doi: 10.1111/jth.14929

Chocron R, Galand V, Cellier J, Gendron N, Pommier T, Bory O, et al.
Anticoagulation before hospitalization is a potential protective factor for
COVID-19: insight from a French Multicenter Cohort Study. ] Am Heart
Assoc. (2021) 10:e018624. doi: 10.1161/JAHA.120.018624

The European Society for Cardiology. ESC Guidance for the Diagnosis
and Management of CV Disease during the COVID-19 Pandemic. Available
online at: https://www.escardio.org/Education/COVID-19-and- Cardiology/
ESC-COVID-19-Guidance (accessed June 10, 2020).

Tonescu F Jaiyesimi I, Petrescu I, Lawler PR, Castillo E, Munoz-Maldonado
Y, et al. Association of anticoagulation dose and survival in hospitalized
COVID-19 patients: a retrospective propensity score-weighted analysis. Eur
] Haematol. (2021) 106:165-74. doi: 10.1111/ejh.13533

Jonmarker S, Hollenberg J, Dahlberg M, Stackelberg O, Litorell ], Everhov AH,
et al. Dosing of thromboprophylaxis and mortality in critically ill COVID-19
patients. Crit Care. (2020) 24:653. doi: 10.1186/s13054-020-03375-7

Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment
is associated with decreased mortality in severe coronavirus disease
2019 patients with coagulopathy. J Thromb Haemost. (2020) 18:1094-9.
doi: 10.1111/jth.14817

Investigators I, Sadeghipour P, Talasaz AH, Rashidi E Sharif-Kashani
B, Beigmohammadi MT, et al. Effect of intermediate-dose vs standard-
dose prophylactic anticoagulation on thrombotic events, extracorporeal
membrane oxygenation treatment, or mortality among patients with
COVID-19 admitted to the intensive care unit: the INSPIRATION
randomized clinical trial. JAMA. (2021) 325:1620-30. doi: 10.1001/jama.20
21.4152

Frontiers in Medicine | www.frontiersin.org

June 2021 | Volume 8 | Article 666723


https://doi.org/10.1007/s11427-020-1637-5
https://doi.org/10.2214/AJR.20.22975
https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1148/radiol.2020201544
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1002/rth2.12439
https://doi.org/10.1186/s13613-020-00716-1
https://doi.org/10.1182/bloodadvances.2020003763
https://doi.org/10.2214/ajr.176.6.1761415
https://doi.org/10.1007/s00330-020-06801-0
https://doi.org/10.1007/s00330-020-06865-y
https://doi.org/10.1161/CIRCIMAGING.111.968610
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1183/13993003.00116-2021
https://doi.org/10.1148/radiol.2020201955
https://doi.org/10.1007/s00134-020-06062-x
https://doi.org/10.1097/CCM.0000000000000713
https://doi.org/10.1016/j.thromres.2020.11.001
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1111/jth.14968
https://doi.org/10.1093/eurheartj/ehaa500
https://doi.org/10.7326/M20-0533
https://doi.org/10.1111/jth.14956
https://doi.org/10.1016/S0140-6736(20)31189-2
https://doi.org/10.1016/S2213-2600(20)30370-2
https://doi.org/10.1016/j.rmed.2020.106023
https://doi.org/10.1148/radiol.2020201561
https://doi.org/10.1148/radiol.2020201629
https://doi.org/10.1111/jth.14929
https://doi.org/10.1161/JAHA.120.018624
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://doi.org/10.1111/ejh.13533
https://doi.org/10.1186/s13054-020-03375-7
https://doi.org/10.1111/jth.14817
https://doi.org/10.1001/jama.2021.4152
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Jalde et al.

COVID-19 CT Findings and Mortality

36.

37.

38.

39.

40.

Alhamad EH, Al-Boukai AA, Al-Kassimi FA, Alfaleh HE, Alshamiri MQ,
Alzeer AH, et al. Prediction of pulmonary hypertension in patients with or
without interstitial lung disease: reliability of CT findings. Radiology. (2011)
260:875-83. doi: 10.1148/radiol.11103532

Salvatici M, Barbieri B, Cioffi SMG, Morenghi E, Leone FP,
Maura FE et al. Association between cardiac troponin I and
mortality in patients with COVID-19. Biomarkers. (2020) 25:634-40.
doi: 10.1080/1354750X.2020.1831609

Imazio M, Klingel K, Kindermann I, Brucato A, De Rosa FG, Adler
T, et al. COVID-19 pandemic and troponin: indirect myocardial injury,
myocardial inflammation or myocarditis? Heart. (2020) 106:1127-31.
doi: 10.1136/heartjnl-2020-317186

Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O. Potential

effects of coronaviruses on the cardiovascular system: a review.
JAMA  Cardiol.  (2020)  5:831-40.  doi:  10.1001/jamacardio.202
0.1286

Goudot G, Chocron R, Augy JL, Gendron N, Khider L, Debuc B,
et al. Predictive factor for COVID-19 worsening: insights for high-
sensitivity troponin and D-dimer and correlation with right ventricular
afterload. Front Med (Lausanne). (2020) 7:586307. doi: 10.3389/fmed.2020.
586307

41.

42.

43.

Hariyanto TI, Kurniawan, A. Anemia is associated with severe coronavirus
disease 2019 (COVID-19) infection. Transfus Apher Sci. (2020) 59:102926.
doi: 10.1016/j.transci.2020.102926

Batlle D, Soler MJ, Sparks MA, Hiremath S, South AM, Welling PA, et al. Acute
kidney injury in COVID-19: emerging evidence of a distinct pathophysiology.
J Am Soc Nephrol. (2020) 31:1380-3. doi: 10.1681/ASN.2020040419

Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al. Kidney disease
is associated with in-hospital death of patients with COVID-19. Kidney Int.
(2020) 97:829-38. doi: 10.1016/j.kint.2020.03.005

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Jalde, Beckman, Svensson, Bell, Skold, Strand, Nyren and Kistner.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Medicine | www.frontiersin.org

15

June 2021 | Volume 8 | Article 666723


https://doi.org/10.1148/radiol.11103532
https://doi.org/10.1080/1354750X.2020.1831609
https://doi.org/10.1136/heartjnl-2020-317186
https://doi.org/10.1001/jamacardio.2020.1286
https://doi.org/10.3389/fmed.2020.586307
https://doi.org/10.1016/j.transci.2020.102926
https://doi.org/10.1681/ASN.2020040419
https://doi.org/10.1016/j.kint.2020.03.005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Widespread Parenchymal Abnormalities and Pulmonary Embolism on Contrast-Enhanced CT Predict Disease Severity and Mortality in Hospitalized COVID-19 Patients
	Introduction
	Patients and Methods
	Study Design
	Patients
	CT Protocol
	Laboratory Measurements
	Statistical Analysis

	Results
	General Patient Data
	Patients With or Without Widespread Parenchymal Abnormalities
	Sixty-Day Mortality
	Odds Ratio Analyses

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


