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Abstract: Purpose: To evaluate the use of pulmonary computed tomography (CT) angiography
during initial admission at an emergency department (ED), to identify COVID-19 patients with
accompanying pulmonary embolism (PE) and its impact on clinical management. Methods: We
performed a retrospective analysis of COVID-19 patients that underwent pulmonary CT angiography
at the ED. CT scans were evaluated for the presence and extent of PE and for imaging changes
suspicious of COVID-19. Patients were subdivided into two groups: (1) Group A consisted of patients
with proven COVID-19 based on real-time polymerase chain reaction (RT-PCR), and (2) Group B
of patients suspected for COVID-19, comprising patients positive on RT-PCR and/or COVID-19-
suspicious CT findings. To assess the differences between patients with and without pulmonary
embolism, Fisher’s exact test was used. Results: A total of 308 patients were admitted to the ED for
diagnostic work-up of dyspnea and suspected COVID-19, and 95 patients underwent pulmonary
CT angiography. PE was detected in 13.6% (3/22) of patients in Group A and 20.7% (6/29) in
Group B. No significant differences were observed between patients with and without PE concerning
hospitalization (Group B: 100% (6/6) vs. 91.3% (21/23)), the necessity of oxygen therapy (Group B:
66% (4/6) vs. 43.5% (10/23)), and death (Group B: 33% (2/6) vs. 4.3% (1/23) p > 0.05, respectively).
Conclusions: In 20.7% of COVID-19 patients, PE was detected upon admission to the ED. Although
the incorporation of early pulmonary CT angiography in patients suspicious of COVID-19 may be
beneficial to identify concomitant PE, further studies are necessary to corroborate these findings.

Keywords: computed tomography; CT; angiography; COVID-19; pneumonia

1. Introduction

The ongoing COVID-19 pandemic poses unforeseen problems to healthcare systems
around the world. At the beginning of the pandemic, there was a lack of protective clothing
or accessories, such as face shields or masks, making it difficult to protect medical personnel
and uninfected patients, even in highly developed countries. At the moment, the high
incidence rates pose new challenges for triage algorithms. However, the detection of viral
nucleic acid by real-time polymerase chain reaction (RT-PCR) in patients with suspected
SARS-CoV-2 infection is still time-consuming. Therefore, workflows need to be further
optimized that allow for a rapid and accurate diagnosis to identify patients at risk of severe
disease progression, minimize contact between infected patients and medical staff to reduce
the risk of infection, and reduce the use of medical resources [1,2].
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Initial reports from China indicated that distinctive imaging patterns on non-contrast-
enhanced computed tomography (CT) examinations can be used to identify patients suffer-
ing from COVID-19 [3-5]. However, recent recommendations stress that these CT findings
should be considered unspecific, especially early in the outbreak in Western countries.
Therefore, a number of guidelines do not recommend CT as an alternative to RT-PCR to
identify COVID-19 patients [6-8]. Still, imaging might play a pivotal role in assessing
disease extent over the course of the disease [9-11]. Furthermore, recent reports on patients
with COVID-19 and concomitant pulmonary embolism (PE) indicate the association of this
disease with coagulation disorders and stress the need for further diagnostic testing [12-17].
These initial reports were confirmed by a recent study by Ward et al. that found an associ-
ation between COVID-19 and a higher 90-day risk of venous thrombosis compared with
influenza [18].

Therefore, the current literature emphasizes the urgency to confirm or exclude the
diagnosis of PE in these patients as early as possible, preferably during the first admission
to the emergency department (ED). Although several tests are available to identify or at
least exclude PE, they are not without shortcomings. Laboratory D-dimer testing has a
low positive predictive value and therefore can only be used to exclude the presence of
thromboembolic events [19]. However, elevated D-dimer levels are frequently found in
COVID-19 patients during and even three months after recovery from the disease and are
therefore of limited clinical use in patients with suspected SARS-CoV-2 infection [20-22].
Lung perfusion scintigraphy increases the exposure between patients and medical staff by
necessitating additional chest X-ray or chest CT examinations to exclude lung opacities [23].
Consequently, pulmonary CT angiography may be a highly valuable option for quick
patient assessment of PE and the extent of parenchymal changes in potential COVID-19
patients [24]. Therefore, the aim of the present study was to evaluate the use of pulmonary
CT angiography in the initial clinical pathway to detect the presence of PE in COVID-19
patients at initial admission to the ED in the early phase of the pandemic.

2. Materials and Methods
2.1. Clinical Pathway at the Emergency Department

To improve the clinical workflow, reduce the contact between medical staff and po-
tentially infectious patients, and minimize the number of examinations, a streamlined
diagnostic concept for patients with respiratory problems was established in our ED in
March 2020 to address the needs of the ongoing COVID-19 pandemic. After the admission
of each patient to the ED, a Manchester triage that included the acquisition of basic vital
parameters (blood pressure, heart rate, breathing frequency, oxygen saturation, tempera-
ture) was performed as a short clinical assessment by an experienced physician trained
in emergency medicine. Then, a second physician performed a second, more profound,
focused clinical examination. In patients with moderate to severe symptoms, point-of-
care testing and a nasopharyngeal swap supplemented this preliminary assessment for
SARS-CoV-2 RT-PCR.

In patients with suspected lower respiratory tract involvement or a non-infectious
cause defined by dyspnea, low oxygen saturation, increased breathing frequency, coughing
or clinical suspicion for other causes due to clinical tests (e.g., positive Wells score), the
following tests were performed: ECG, blood gas analysis, and advanced laboratory testing,
including leucocyte and lymphocyte count, C-reactive protein (CRP), procalcitonine (PCT),
D-dimer testing and pulmonary CT angiography. Based on the results, patients were either
discharged for outpatient treatment or transferred to a regular ward, an intermediate or an
intensive care unit.

2.2. Patients

Over the course of one month in spring 2020, 308 patients were treated in our ED
for dyspnea with a suspected SARS-CoV-2 infection according to the new COVID-19-
specific workflow (Figure 1). A total of 95 patients (female: 34.7% (33/95); male: 65.3%
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(62/95); mean age: 66.15 + 17.06 years), who underwent pulmonary CT angiography
in the analyzed timeframe at our ED, were included in this retrospective analysis. This
study was approved by the institutional review board of the University of Duisburg-Essen
(application number: 20-9231-BO, approval date: 7 April 2020). Due to the retrospective
nature of this study, informed consent was waived for all patients.

308 patients admitted to the ED in march
2020 that underwent basic clinical
examination including nasopharygeal
swap for SARS-CoV 2

A

158 patients hospitalized due to severe
clinical symptoms and in need of further
diagnostic tests

v

Pulmonary CT angiography performed in
95 patients

73 patients negative for SARS-CoV 2 in RT-

PCR
\ 4 o \
22 patients positive for SARS-CoV 2 in RT- 7 patients with CT 66 patients }N_ith
PCR and proven COVID-19 findings CT not suspicious
suspicious for for COVID-19 /
Group A COVID-19 indeterminate
findings

Figure 1. Flowchart of patients included in the study.

2.3. Acquisition of Pulmonary CT Angiography

CT scans were acquired in the supine position on a Siemens Somatom Force CT
(Siemens Healthineers, Erlangen, Germany). A total of 60 mL of contrast agent (Ultravist
300, Bayer, Berlin, Germany) was injected via a venous 18 G line. Bolus triggering was
performed by placing a region of interest into the main pulmonary artery with a threshold
of 90 Houndsfield units. CT images were acquired 3 s after the threshold was reached
in flash mode (Collimation: 192 x 0.6 mm, pitch: 1.55, rotation time: 0.25 s). Care dose
(reference setting: 174 mAs) and CarekV (reference setting: 80 kV) were used to reduce
the patient dose. Images were reconstructed using a lung (Bv59) and a soft tissue kernel
(Bv36) in 1 mm and 5 mm slice thicknesses. Advanced modeled iterative reconstruction
(ADMIRE, level 3) was used to improve the image quality.

2.4. Data Collection and Image Interpretation

Clinical data were collected from the clinical reports, including preexisting illnesses,
clinical symptoms at admission (fever, cough, fatigue, sputum production, shortness of
breath, myalgia or arthralgia, dysgeusia, headache, sore throat, chills, nausea/vomiting/
diarrhea, discomfort in the chest), basic vital parameters at admission (blood pressure, heart
rate, breathing frequency, oxygen saturation, temperature), results from laboratory testing
at admission (leucocyte and lymphocyte count, C-reactive protein (CRP), procalcitonine,
D-dimer), and the results from RT-PCRs. Application of oxygen therapy, as well as the date
of discharge and, in case of hospitalization, the type of ward, was recorded.
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CT examinations were reviewed by two experienced board-certified radiologists for
the presence of PE and infectious changes of lung parenchyma. The extent of PE was
assessed according to the Qanadli Score [25]. Here, the presence of thrombotic material
in each of the segmental arteries or their proximal arterial level is rated with one point,
and in the case of total vessel occlusion, a weighting factor of 2 can be applied, resulting
in a maximum score of 40. Infectious changes in the lungs were scored according to the
CO-RADS criteria [26,27] (Table 1).

Table 1. Co-RADS criteria [26,27].

Level of Suspicion for

Score CT Findings COVID-19 Infection

Co-RADS 1 Normal CT or defi‘nitt.ely non-infectious
CT findings
CT findings consistent with infections

Co-RADS 2 other than COVID-19 low
Co-RADS 3 Unclear whether COVID-19 is present indeterminate
Co-RADS 4 Abnormalities suspicious of COVID-19 high
Co-RADS 5 Typical COVID-19 findings very high

. proven SARS-CoV-2 infection
Co-RADS 6 by RT-PCR

The following CT findings were considered typical of COVID-19 infection: peripheral
distribution of multifocal ground-glass opacities, consolidations and the absence of pleural
effusion [28,29]. If a Co-RADS score greater than 4 was assigned by either investigator, the
CT severity score was also assessed [9]. Here, the extent of pulmonary opacifications was
rated with 1-4 points for each lobe, resulting in a maximum score of 20. Disagreements
between the two readers regarding the presence of PE were resolved by consensus reading.

2.5. Reference Standard

Although RT-PCR is still considered the gold standard for the diagnosis of SARS-
CoV-2 infection due to its high specificity, a recent study by Ai et al. [4] indicated that
this diagnostic test is not sensitive enough to detect early disease. Based on the reported
high specificity of lung CT for the diagnosis of COVID-19 [29], we decided to define
two reference standards as follows. The results for both reference standards are reported
separately in the results section.

1.  Group A: Patients with positive RT-PCR results for SARS-CoV-2 infections.
2. Group B: Patients with positive RT-PCR results for SARS-CoV-2 infections and /or CT
findings reported as suspicious for COVID-19 by at least one radiologist.

2.6. Statistical Analysis

We performed an exploratory data analysis using IBM SPSS Statistics 26 (IBM, Ar-
monk, NY, USA). The values are given either as the frequency (%) or as mean values,
including standard deviation. For Co-RADS, Cohen’s kappa, as well as the Spearman’s
rank correlation coefficient, were calculated to analyze the inter-reader agreement. To assess
differences between the two groups, we used categorical data Fisher’s exact test. As we
could not assume a normal distribution for continuous values due to the low patient count,
a Mann-Whitney U test was used. A p-value < 0.05 was considered statistically significant.

3. Results

The clinical characteristics of all patients are displayed in Table 2. According to the
results from RT-PCR, 23.2% of patients were positive for SARS-CoV-2 (Group A, 22/95).
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Table 2. Clinical characteristics of patients treated at the ED, including subgroup analysis of proven
and probable COVID-19 patients.

All Patients (n = 95)

Group A (n =22)

Group B (n =29)

fe?r'le:le 34.7% (33/95) 22.7% (5/22) 31.0% (9/29)
male 65.3% (62/95) 77.3% (17 /22) 69.0% (20/29)
Age (years) 66.2 +17.1 711 £127 70.6 +13.7
Nicotine abuse
never 30.5% (29/95) 36.4% (8/22) 27.6% (8/29)
active smoker 7.4% (7/95) 0% (0/22) 3.4% (1/29)
former smoker 17.9% (17/95) 22.7% (5/22) 20.7% (6/29)
unknown 44.2% (42/95) 40.9% (9/22) 48.3% (14/29)
Preexisting illnesses
cardiovascular 64.2% (61/95) 54.5% (12/22) 48.3% (14/29)
nephrological 11.6% (11/95) 0% (0/22) 0% (0/29)
pulmonary 18.9% (18/95) 22.7% (5/22) 27.6% (8/29)
gastrointestinal 21.1% (20/95) 18.2% (4/22) 17.2% (5/29)
endocrinological 22.1% (21/95) 31.8% (7/22) 31.0% (9/29)
rheumatological 3.2% (3/95) 9.1% (2/22) 6.9% (2/29)
neurological 27.4% (26/95) 27.3% (6/22) 34.5% (10/29)
oncological 22.1% (21/95) 9.1% (2/22) 13.8% (4/29)
immunosupression 10.5% (10/95) 13.6% (3/22) 10.3% (3/29)
transplantation 4.2% (4/95) 0% (0/29) 0% (0/29)
Clinical symptoms
fever 40.0% (38/95) 40.9% (9/22) 37.9% (11/29)
cough 35.8% (34/95) 50.0% (10/20) 41.4% (12/29)
fatique 40.9% (38/93) 4.5% (1/22) 48,1% (13/27)
sputum production 7.4% (7/94) 0% (0/21) 3.6% (1/28)
shortness of breath 54.3% (51/94) 38.1% (8/21) 46.4% (13/28)
myalgia or arthralgia 15.1% (14/93) 18.2% (4/22) 3.8% (4/29)
dysgeusia 6.5% (6/92) 14.3% (3/21) 14.3% (4/28)
headache 11.0% (10/91) 13.6% (3/22) 10.3% (3/29)
sore throat 7.6% (7/92) 9.5% (2/21) 7.1% (2/28)
chills 9.7% (9/93) 4.5% (1/22) 3.4% (1/29)
nausea/vomiting/diarrhea 23.7% (22/93) 13.6% (3/22) 17.9% (5/28)
discomfort in the 13.7% (13/95) 4.5% (1/22) 3.4% (1/29)

chest
Basic vital parameters
blood pressure
(mmHg)
systolic

131.1 £ 22.7 (n = 95)

139.3 +21.5 (n = 22)

135.2 £22.1 (n = 29)

diastolic

127.0 + 82.0 (n = 95)

86.3 & 15.9 (n = 22)

86.7 + 16.3 (n = 29)

heart rate

94 4 21.5 (n = 95)

92.0+17.3 (n =22)

94.5 + 18.1 (n = 29)

breathing frequency

21 +7.0 (n=91)

204 + 5.5 (n =22)

20.5 & 5.5 (n = 29)
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Table 2. Cont.

All Patients (1 = 95) Group A (n=22) Group B (n =29)
oxygen saturation 934 £ 8.6 (n=93) 94.1+5.1(n=22) 94 + 53 (n=29)
temperature (°C) 370+ 1.2 (n=82) 36.7 £ 1.1 (n=22) 36.6 £1.2 (n=27)
Laboratory tests
CRP (<0.5mg/dL) 8.7 £ 9.6 (n =95) 10.0 £5.3 (n =22) 10.5 £ 7.9 (n=29)

PCT (0-0.5 ng/mL) 1.5+ 6.5(n=287) 01+01@m=22) 04+13n=29)
D-dimer (<0.5 mg/dL) 5.6 £9.0 (n =90) 6.1+9.4 (n=22) 6.5 +10.2 (n =28)
Leucocytes (3.6-9.2nL) 9.7 £ 5.6 (n =95) 77 £35(n=22) 7.7 £3.2 (n=29)
Lymphocytes (1.0-34nL) 14 +£13(n=79) 1.6 £ 0.9 (n =22) 1.2 +£ 1.0 (n =29)

PEon CT 13.7% (13/95) 13.6% (3/22) 20.7% (6/29)

In seven additional patients, at least one reader considered the CT findings as sus-
picious of COVID-19, thus, 30.5% of all patients were considered potentially COVID-19
positive (Group B, 29/95).

3.1. CT Imaging

PE on CT was detected in 13.7% of all patients (13/95) with a mean Qanadli score of
6.5 £ 5.1 (out of a maximum of 40 points, indicating complete occlusion of all pulmonary
arteries). In Group B, PE was found in 20.7% (6/29) with a mean Qanadli score of 7.8 & 6.7.
In patients with proven COVID-19 (Group A), PE was detected in 13.6% (3/22) with a
mean Qanadli score of 5.8 £ 2.6.

CT findings were classified as suspicious of COVID-19 (Co-RADS 4) in seven patients
by reader 1 and in 12 patients by reader 2. Both readers regarded the CT changes as typical
for COVID-19 in six patients (Co-RADS 5). A total of seven patients had a positive RT-PCR
for SARS-CoV-2 prior to CT imaging and were therefore classified as Co-RADS 6 by both
readers. CT findings were considered as non-typical for COVID-19 in 66 patients by reader
1 (Co-RADS 1: n = 28; Co-RADS 2: n = 38) and in 53 patients by reader 2 (Co-RADS 1:
n =24; Co-RADS 2: n = 29). CT findings were considered indeterminate in 9 patients by
reader 1 and 17 patients by reader 2 (Co-RADS 3). Detailed results from the CO-RADS
analysis are presented in Table 3. Spearman’s rank correlation coefficient between both
readers was very good for the Co-RADS analysis (rs = 0.88, p < 0.001) and good for Cohen’s
kappa between both readers (k = 0.68, p < 0.001).

Table 3. Results from Co-RADS analysis.

All Patients (1 = 95) Group A (n =22) Group B (1 =29)
Reader1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2

Co-RADS 1 28 24 0 0 0 0
Co-RADS 2 38 29 4 1 6 1
Co-RADS 3 9 17 1 3 3 3
Co-RADS 4 7 12 4 6 7 12
Co-RADS 5 6 6 6 5 6 6
Co-RADS 6 7 7 7 7 7 7

No significant differences could be observed for the COVID-19 CT severity score
between patients with and without PE, nor in patients with proven COVID-19 (Group A:
with PE: 4.8 £ 4.3; without PE: 6.7 & 3.5; p = 0.523) nor patients with suspected COVID-19
(Group B: with PE: 6.1 &+ 5.4; without PE: 6.4 & 3.8; p = 0.655).
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3.2. Clinical and Laboratory Parameters

COVID-19 patients with PE tended to have higher D-dimer values (Group A: 13.5 & 10.9;
Group B: 13.2 £ 14.0) compared to patients without PE (Group A: 5.0 & 8.9; Group B:
4.6 £ 8.3). However, no significant differences in D-dimer values were detected using the
Mann-Whitney U test (Group A: p = 0.132; Group B: p = 0.112).

Clinical outcome parameters yielded similar results in both groups for patients with
and without PE. No significant differences were observed concerning hospitalization
(Group A: patients without PE: 94.7% (18/19), patients with PE: 100% (3/3), p = 1.0; Group
B: patients without PE: 91.3% (21/23), patients with PE: 100% (6/6), p = 1.0); necessity of
intermediate and/or intensive care (Group A: patients without PE: 5.2% (1/19), patients
with PE: 0% (0/3), p = 1.0; Group B: patients without PE: 4.3% (1/23), patients with PE:
0% (6/6), p = 1.0); necessity of oxygen therapy and/or mechanical ventilation (Group A:
patients without PE: 36.8% (17/19), patients with PE: 66% (2/3), p = 0.544; Group B: patients
without PE: 43.5% (10/23), patients with PE: 66% (4/6), p = 0.390); length of hospital stay
(Group A: patients without PE: 10.0 £ 8.1, patients with PE: 9 £ 3, p = 0.787; Group B:
patients without PE: 9.5 £ 7.6, patients with PE: 5.5 £ 4.3, p = 0.302); or death (Group A:
patients without PE: 5.2% (1/19), patients with PE: 33% (1/3), p = 0.260; Group B: patients
without PE: 4.3% (1/23), patients with PE: 33% (2/6), p = 0.100, see Table 4).

Table 4. Clinical outcome of COVID-19 patients.

Group A (n=22) Group B (1 =29)
No PE (n =19) PE (n = 3) p-Value No PE (n = 23) PE (n = 6) p Value
Admission to hospital
94.7% (18/19)  100% (3/3) 1.0 91.3% (21/23)  100% (6/6) 1.0
Of which necessitate at least o o o 0
e e 5.2% (1/19) 0% (0/3) 1.0 13.0% (3/23)  16.7% (1/6) 1.0
Of which necessitate 5.2% (1/19) 0% (0/3) 1.0 43% (1/23) 0% (0/6) 1.0
intensive care
Oxygen therapy
36.8% (7/19) 66% (2/3) 0.544 43.5% (10/23) 66% (4/6) 0.390
Of which necessitate o o o o
b 5.2% (1/19) 0% (0/3) 1.0 4.3% (1/23) 0% (0/6) 1.0
Length of stay 10.0 £8.1 9+3 0.787 95+£76 55+43 0.302
Discharged at time of 78.9% (15/19)  100% (3/3) 82.6% (19/23)  66% (4/6)
data acquisition
Death 5.2% (1/19) 33% (1/3) 0.26 4.3% (1/23) 33% (2/6) 0.1

4. Discussion

Since the beginning of this global pandemic, CT imaging has been considered an
important diagnostic tool in the detection of COVID-19, enabling early and better iden-
tification of lung involvement [4,11,28]. Nevertheless, up to its current status, RI-PCR is
still considered the gold standard for the diagnosis of SARS-CoV-2 infections due to its
high specificity, as recently demonstrated by Ai et al. [4]. Hence, despite the promising
results of the first studies, recent recommendations opposed the initial idea of using non-
contrast-enhanced CT as a screening tool to identify patients suffering from a SARS-CoV-2
infection [3-5]. Especially in Western countries with a low pretest probability for COVID-19,
most radiological societies do not yet recommend CT as a tool to screen or identify COVID-
19-positive patients [7,8]. Nonetheless, the role of CT imaging in COVID-19 remains to be
pivotal: first, to assess disease extent, which might be an important prognostic factor [9],
and second, to identify and/or exclude other causes of dyspnea. Therefore, we aimed to
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evaluate a new clinical pathway in our ED that included pulmonary CT angiography to
detect PE in COVID-19 patients at initial admission.

In an effort to streamline clinical pathways in the ED during this pandemic, an impor-
tant step was to include CT for suspected COVID-19 in the early steps of the patient triaging
algorithm. One of the most thoroughly discussed issues was the administration of contrast
agents. Most initial studies underlining the importance of CT imaging in COVID-19 recom-
mended the application of non-contrast-enhanced CT imaging [3-5]. While this enables the
identification of potential lung parenchymal involvement, other causes of dyspnea, such
as PE, are debarred from detection. The importance of contrast application and thus the
exclusion of PE is emphasized by the fact that the current literature indicates coagulopathic
disorders and a high probability of elevated D-dimer values in patients suffering from
COVID-19 [18,21,30-32].

To ensure efficient diagnostics while minimizing the exposure of medical staff and
other patients to potential COVID-19 patients, pulmonary CT angiography was included
early in the patient triaging algorithm in our emergency department. The decision to in-
clude contrast application is also supported by a recent study published by Poissy et al. [33].
They raised awareness of an increased prevalence of PE in COVID-19 patients, which was
evident in their results of an observational study among the first 107 consecutive con-
firmed COVID-19 patients admitted to the intensive care unit ICU for pneumonia from
mid-February to the end of March 2020. While the overall number of PE in COVID-19
patients is comparable to our results (20.6% vs. 20.7%, respectively), the most pivotal
difference between the two studies lies in the time of PE detection. Poissy et al. performed
the pulmonary CT angiography scans for exclusion/confirmation of PE at an average of
6 days after ICU admission. On the contrary, in our study, pulmonary CT angiography was
performed on the initial day of admission into the ED, suggesting that the development of
PE may occur much earlier in the course of the disease than anticipated according to the
results of Poissy et al. [33]. In addition, our findings are consistent with other recent studies
on PE and COVID-19, revealing a comparably high incidence of PE in COVID-19 patients
(>20%) compared to patients in general EDs (3-10%) [16,33,34]. These findings have also
been confirmed by autopsy studies where, in a recent meta-analysis, Zuin et al. reported
acute PE in 30% of COVID-19 patients. Moreover, PE was the underlying cause of death
in almost 20% of cases [35]. Therefore, the proposed changes in the diagnostic workflow
may be useful to ensure effective thromboprophylaxis and early PE treatment in COVID-19
patients [32,36].

Considering D-dimer levels and their association with the prevalence of PE, our results
highlight an anticipated association between elevated D-dimer values and the increased
likelihood of PE. However, in contrast to the results of Léonard-Lorant et al., our results
on laboratory and clinical parameters did not show significant correlations with clinical
outcomes [16]. This could be due to the early recognition of PE and the corresponding
change in patient management; however, further studies with larger patient cohorts are
needed in this regard.

Our study has limitations. First, we performed a retrospective analysis. Therefore,
no benefit of this new algorithm for patient triage in terms of outcome parameters such
as survival can be derived from the current data. Here, a prospective randomized trial is
necessary to evaluate its potential advantages. Second, the study data do not comprise
patients suffering from new virus variants, such as delta or omicron. Therefore, continued
data analysis on this topic would be desirable.

5. Conclusions

Opverall, putting our result into perspective to the current literature in these early stages
of the pandemic in Western countries, our results go in line with the current literature in
underlining the higher prevalence of pulmonary embolisms in COVID-19 patients, while
emphasizing the potential of pulmonary CT angiography as an early detection tool in a
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streamlined COVID-19 patient triaging algorithm. However, further studies are necessary
to elucidate the benefit of this new patient triaging algorithm concerning overall survival.

Author Contributions: Conceptualization, B.M.S. and D.E,; data curation, BM.S., D.F. and L.U;
formal analysis, B.M.S., D.F. and L.U.; funding acquisition, M.F. and L.U.; investigation, B.M.S., D.E,,
Y.L, MK. and ].H.; methodology, B.M.S., D.F. and L.U.; project administration, O.W., M.F. and L.U.;
resources, O.W., M.F,, C.H. and L.U,; software, O.W., M.F. and L.U.; supervision, O.W., M.F,, C.H. and
L.U,; validation, O.W., M.E,, C.H. and L.U.; visualization, B.M.S,, ].G. and L.U.; writing—original
draft, B.M.S. and D.F; writing—review and editing, B.M.S., D.E, J.G., O.W,, M.E,, C.H. and L.U. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the University of Duisburg-Essen
(application number: 20-9231-BO).

Informed Consent Statement: The Institutional Review Board has waived the requirement of written
informed consent due to the retrospective nature of the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available for data protection reasons.

Acknowledgments: The authors would like to thank Irma Kollenda for constructive criticism of
the manuscript.

Conflicts of Interest: Oliver Witzke has received research grants for clinical studies, speaker’s fees,
honoraria and travel expenses from Amgen, Alexion, Astellas, Basilea, Biotest, Bristol-Myers Squibb,
Correvio, Chiesi, Gilead, Hexal, Janssen, Dr. E. Kéhler Chemie, MSD, Novartis, Roche, Pfizer, Sanofi,
TEVA and UCB. Oliver Witzke is supported by an unrestricted grant of the Rudolf-Ackermann-
Stiftung. Lale Umutlu has received a research grant on PET/MRI by Siemens Healthineers and
speaker’s fees from Siemens Healthineers and Bayer Healthcare. Benedikt M. Schaarschmidt has
received a research grant from PharmaCept. All other authors have nothing to disclose.

References

1.

10.

11.

Calabrese, E,; Pezzuto, F.; Giraudo, C.; Vedovelli, L.; Fortarezza, E; Del Vecchio, C.; Lunardi, F; Fraia, A.S.; Cocconcelli, E.; Vuljan,
S.E.; et al. The Diagnostic Yield of the Multidisciplinary Discussion in Patients with COVID-19 Pneumonia. Front. Med. 2021,
8, 637872. [CrossRef] [PubMed]

Pelosi, P; Tonelli, R.; Torregiani, C.; Baratella, E.; Confalonieri, M.; Battaglini, D.; Marchioni, A.; Confalonieri, P.; Clini, E,;
Salton, F; et al. Different Methods to Improve the Monitoring of Noninvasive Respiratory Support of Patients with Severe
Pneumonia/ARDS Due to COVID-19: An Update. J. Clin. Med. 2022, 11, 1704. [CrossRef] [PubMed]

Chung, M.; Bernheim, A.; Mei, X.; Zhang, N.; Huang, M.; Zeng, X.; Cui, J.; Xu, W,; Yang, Y.; Fayad, Z.A.; et al. CT Imaging
Features of 2019 Novel Coronavirus (2019-NCoV). Radiology 2020, 295, 202-207. [CrossRef] [PubMed]

Ai, T; Yang, Z.; Hou, H.; Zhan, C.; Chen, C.; Lv, W,; Tao, Q.; Sun, Z.; Xia, L. Correlation of Chest CT and RT-PCR Testing for
Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases. Radiology 2020, 296, E32-E40. [CrossRef] [PubMed]
Fang, Y.; Zhang, H.; Xie, J.; Lin, M.; Ying, L.; Pang, P.; Ji, W. Sensitivity of Chest CT for COVID-19: Comparison to RT-PCR.
Radiology 2020, 296, E115-E117. [CrossRef] [PubMed]

Hope, M.D,; Raptis, C.A.; Shah, A.; Hammer, M.M.; Henry, T.S. A Role for CT in COVID-19? What Data Really Tell Us so Far.
Lancet 2020, 395, 1189-1190. [CrossRef]

Deutsche Rontgengesellschaft e.V COVID-19 | DRG.De. Available online: https://www.drg.de (accessed on 24 March 2022).
ACR ACR Recommendations for the Use of Chest Radiography and Computed Tomography (CT) for Suspected COVID-19
Infection. Available online: https://www.acr.org/Advocacy-and-Economics/ ACR-Position-Statements / Recommendations-
for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection (accessed on 24 March 2022).

Li, K; Fang, Y,; Li, W,; Pan, C.; Qin, P,; Zhong, Y.; Liu, X.; Huang, M.; Liao, Y.; Li, S. CT Image Visual Quantitative Evaluation and
Clinical Classification of Coronavirus Disease (COVID-19). Eur. Radiol. 2020, 30, 4407—-4416. [CrossRef]

Baratella, E.; Ruaro, B.; Marrocchio, C.; Starvaggi, N.; Salton, F; Giudici, F.; Quaia, E.; Confalonieri, M.; Cova, M.A. Interstitial
Lung Disease at High Resolution CT after SARS-CoV-2-Related Acute Respiratory Distress Syndrome According to Pulmonary
Segmental Anatomy. J. Clin. Med. 2021, 10, 3985. [CrossRef]

Sverzellati, N.; Ryerson, C.J.; Milanese, G.; Renzoni, E.A.; Volpi, A.; Spagnolo, P.; Bonella, F.; Comelli, I.; Affanni, P.; Veronesi,
L.; et al. Chest Radiography or Computed Tomography for COVID-19 Pneumonia? Comparative Study in a Simulated Triage
Setting. Eur. Respir. |. 2021, 58, 2004188. [CrossRef]


http://doi.org/10.3389/fmed.2021.637872
http://www.ncbi.nlm.nih.gov/pubmed/33869252
http://doi.org/10.3390/jcm11061704
http://www.ncbi.nlm.nih.gov/pubmed/35330029
http://doi.org/10.1148/radiol.2020200230
http://www.ncbi.nlm.nih.gov/pubmed/32017661
http://doi.org/10.1148/radiol.2020200642
http://www.ncbi.nlm.nih.gov/pubmed/32101510
http://doi.org/10.1148/radiol.2020200432
http://www.ncbi.nlm.nih.gov/pubmed/32073353
http://doi.org/10.1016/S0140-6736(20)30728-5
https://www.drg.de
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
http://doi.org/10.1007/s00330-020-06817-6
http://doi.org/10.3390/jcm10173985
http://doi.org/10.1183/13993003.04188-2020

Diagnostics 2022, 12,1183 10 of 11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Giannis, D.; Ziogas, L. A.; Gianni, P. Coagulation Disorders in Coronavirus Infected Patients: COVID-19, SARS-CoV-1, MERS-CoV
and Lessons from the Past. J. Clin. Virol. 2020, 127, 104362. [CrossRef]

Klok, FA ; Kruip, M.J.H.A.; van der Meer, N.J.M.; Arbous, M.S.; Gommers, D.A.M.PJ.; Kant, K.M.; Kaptein, EH.J.; van Paassen, J.;
Stals, M.A.M.; Huisman, M.V,; et al. Incidence of Thrombotic Complications in Critically Ill ICU Patients with COVID-19. Thromb.
Res. 2020, 191, 145-147. [CrossRef] [PubMed]

Fabre, O.; Rebet, O.; Carjaliu, I.; Radutoiu, M.; Gautier, L.; Hysi, I. Severe Acute Proximal Pulmonary Embolism and COVID-19:
A Word of Caution. Ann. Thorac. Surg. 2020, 110, e409-e411. [CrossRef] [PubMed]

Cellina, M.; Oliva, G. Acute Pulmonary Embolism in a Patient with COVID-19 Pneumonia. Diagn. Interv. Imaging 2020, 101,
325-326. [CrossRef] [PubMed]

Léonard-Lorant, I.; Delabranche, X.; Séverac, F.; Helms, J.; Pauzet, C.; Collange, O.; Schneider, F; Labani, A.; Bilbault, P.; Moliére,
S.; et al. Acute Pulmonary Embolism in Patients with COVID-19 at CT Angiography and Relationship to d-Dimer Levels.
Radiology 2020, 296, E189-E191. [CrossRef] [PubMed]

Bahraini, M.; Dorgalaleh, A. The Impact of SARS-CoV-2 Infection on Blood Coagulation and Fibrinolytic Pathways: A Review of
Prothrombotic Changes Caused by COVID-19. Semin Thromb Hemost 2022, 48, 19-30. [CrossRef]

Ward, A.; Sarraju, A.; Lee, D.; Bhasin, K.; Gad, S.; Beetel, R.; Chang, S.; Bonafede, M.; Rodriguez, F; Dash, R. COVID-19 Is
Associated with Higher Risk of Venous Thrombosis, but Not Arterial Thrombosis, Compared with Influenza: Insights from a
Large US Cohort. PLoS ONE 2022, 17, €0261786. [CrossRef]

Osteresch, R.; Fach, A.; Hambrecht, R.; Wienbergen, H. ESC-Leitlinien 2019 zu Diagnostik und Management der akuten
Lungenembolie. Herz 2019, 44, 696-700. [CrossRef]

Zhang, L.; Yan, X,; Fan, Q.; Liu, H; Liu, X.; Liu, Z.; Zhang, Z. D-Dimer Levels on Admission to Predict in-Hospital Mortality in
Patients with COVID-19. J. Thromb. Haemost. 2020, 18, 1324-1329. [CrossRef]

Gao, Y,; Li, T.; Han, M; Li, X.;; Wu, D.; Xu, Y; Zhu, Y,; Liu, Y.; Wang, X.; Wang, L. Diagnostic Utility of Clinical Laboratory Data
Determinations for Patients with the Severe COVID-19. J. Med. Virol. 2020, 92, 791-796. [CrossRef]

Lehmann, A.; Prosch, H.; Zehetmayer, S.; Gysan, M.R.; Bernitzky, D.; Vonbank, K.; Idzko, M.; Gompelmann, D. Impact of
Persistent D-Dimer Elevation Following Recovery from COVID-19. PLoS ONE 2021, 16, €0258351. [CrossRef]

Zuckier, L.S.; Moadel, R.M.; Haramati, L.B.; Freeman, L.M. Diagnostic Evaluation of Pulmonary Embolism during the COVID-19
Pandemic. J. Nucl. Med. 2020, 61, 630-631. [CrossRef] [PubMed]

Rotzinger, D.C.; Beigelman-Aubry, C.; von Garnier, C.; Qanadli, S.D. Pulmonary Embolism in Patients with COVID-19: Time to
Change the Paradigm of Computed Tomography. Thromb. Res. 2020, 190, 58-59. [CrossRef] [PubMed]

Qanadli, S.D.; El Hajjam, M.; Vieillard-Baron, A.; Joseph, T.; Mesurolle, B.; Oliva, V.L.; Barré, O.; Bruckert, F.; Dubourg, O.;
Lacombe, P. New CT Index to Quantify Arterial Obstruction in Pulmonary Embolism. Am. J. Roentgenol. 2001, 176, 1415-1420.
[CrossRef] [PubMed]

The Radiology Assistant the Radiology Assistant: COVID-19 CO-RADS Classification.  Available online: https://
radiologyassistant.nl/chest/covid-19/corads-classification (accessed on 24 March 2022).

Fujioka, T.; Takahashi, M.; Mori, M.; Tsuchiya, J.; Yamaga, E.; Horii, T.; Yamada, H.; Kimura, M.; Kimura, K,; Kitazume, Y.; et al.
Evaluation of the Usefulness of CO-RADS for Chest CT in Patients Suspected of Having COVID-19. Diagnostics 2020, 10, 608.
[CrossRef]

Shi, H.; Han, X,; Jiang, N.; Cao, Y.; Alwalid, O.; Gu, J.; Fan, Y.; Zheng, C. Radiological Findings from 81 Patients with COVID-19
Pneumonia in Wuhan, China: A Descriptive Study. Lancet Infect. Dis. 2020, 20, 425-434. [CrossRef]

Bai, H.X,; Hsieh, B.; Xiong, Z.; Halsey, K.; Choi, J.W,; Tran, TM.L.; Pan, L; Shi, L.-B.; Wang, D.-C.; Mei, J.; et al. Performance
of Radiologists in Differentiating COVID-19 from Non-COVID-19 Viral Pneumonia at Chest CT. Radiology 2020, 296, E46-E54.
[CrossRef]

van Gorp, E.C.M.; Suharti, C.; ten Cate, H.; Dolmans, WM.V,; van der Meer, ] W.M,; ten Cate, ] W.; Brandjes, D.P.M. Review:
Infectious Diseases and Coagulation Disorders. J. Infect. Dis. 1999, 180, 176-186. [CrossRef]

Fogarty, H.; Townsend, L.; Ni Cheallaigh, C.; Bergin, C.; Martin-Loeches, I.; Browne, P; Bacon, C.L.; Gaule, R.; Gillett, A.; Byrne,
M.; et al. COVID19 Coagulopathy in Caucasian Patients. Br. |. Haematol. 2020, 189, 1044-1049. [CrossRef]

The Task Force for the management of COVID-19 of the European Society of Cardiology. ESC Guidance for the Diagnosis and
Management of Cardiovascular Disease during the COVID-19 Pandemic: Part 2—Care Pathways, Treatment, and Follow-Up.
Eur. Heart ]. 2022, 43, 1059-1103. [CrossRef]

Poissy, J.; Goutay, J.; Caplan, M.; Parmentier, E.; Duburcq, T.; Lassalle, F.; Jeanpierre, E.; Rauch, A.; Labreuche, J.; Susen, S.; et al.
Pulmonary Embolism in Patients with COVID-19. Circulation 2020, 142, 184-186. [CrossRef]

Corrigan, D.; Prucnal, C.; Kabrhel, C. Pulmonary Embolism: The Diagnosis, Risk-Stratification, Treatment and Disposition of
Emergency Department Patients. Clin. Exp. Emerg. Med. 2016, 3, 117-125. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jcv.2020.104362
http://doi.org/10.1016/j.thromres.2020.04.013
http://www.ncbi.nlm.nih.gov/pubmed/32291094
http://doi.org/10.1016/j.athoracsur.2020.04.005
http://www.ncbi.nlm.nih.gov/pubmed/32305287
http://doi.org/10.1016/j.diii.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32303472
http://doi.org/10.1148/radiol.2020201561
http://www.ncbi.nlm.nih.gov/pubmed/32324102
http://doi.org/10.1055/s-0041-1736166
http://doi.org/10.1371/journal.pone.0261786
http://doi.org/10.1007/s00059-019-04863-5
http://doi.org/10.1111/jth.14859
http://doi.org/10.1002/jmv.25770
http://doi.org/10.1371/journal.pone.0258351
http://doi.org/10.2967/jnumed.120.245571
http://www.ncbi.nlm.nih.gov/pubmed/32238427
http://doi.org/10.1016/j.thromres.2020.04.011
http://www.ncbi.nlm.nih.gov/pubmed/32302782
http://doi.org/10.2214/ajr.176.6.1761415
http://www.ncbi.nlm.nih.gov/pubmed/11373204
https://radiologyassistant.nl/chest/covid-19/corads-classification
https://radiologyassistant.nl/chest/covid-19/corads-classification
http://doi.org/10.3390/diagnostics10090608
http://doi.org/10.1016/S1473-3099(20)30086-4
http://doi.org/10.1148/radiol.2020200823
http://doi.org/10.1086/314829
http://doi.org/10.1111/bjh.16749
http://doi.org/10.1093/eurheartj/ehab697
http://doi.org/10.1161/CIRCULATIONAHA.120.047430
http://doi.org/10.15441/ceem.16.146
http://www.ncbi.nlm.nih.gov/pubmed/27752629

Diagnostics 2022, 12,1183 11 of 11

35.  Zuin, M,; Engelen, M.M,; Bilato, C.; Vanassche, T.; Rigatelli, G.; Verhamme, P.; Vandenbriele, C.; Zuliani, G.; Roncon, L. Prevalence
of Acute Pulmonary Embolism at Autopsy in Patients With COVID-19. Am. J. Cardiol. 2022, 171, 159-164. [CrossRef] [PubMed]

36. Moores, L.K,; Tritschler, T.; Brosnahan, S.; Carrier, M.; Collen, J.E; Doerschug, K.; Holley, A.B.; Iaccarino, J.; Jimenez, D.; LeGal, G.; et al.
Thromboprophylaxis in Patients With COVID-19: A Brief Update to the CHEST Guideline and Expert Panel Report. Chest 2022,
in press. [CrossRef]


http://doi.org/10.1016/j.amjcard.2022.01.051
http://www.ncbi.nlm.nih.gov/pubmed/35277253
http://doi.org/10.1016/j.chest.2022.02.006

	Introduction 
	Materials and Methods 
	Clinical Pathway at the Emergency Department 
	Patients 
	Acquisition of Pulmonary CT Angiography 
	Data Collection and Image Interpretation 
	Reference Standard 
	Statistical Analysis 

	Results 
	CT Imaging 
	Clinical and Laboratory Parameters 

	Discussion 
	Conclusions 
	References

