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Background: Pulmonary embolism (PE) is a common and fatal complication of COVID-19 infection. COVID-19’s
main clinical manifestations are not only pneumonia but also coagulation disorders. This study evaluates the
prevalence of pulmonary embolism at CT pulmonary angiography (CTA) for positive coronavirus patients as well

Ei(zlez-i?chivin and communication system as the factors associated with PE severity.
SPSS 8 4 Materials and methods: This is a retrospective cross-sectional study that was conducted at King Faisal Medical

Complex (KFMC) in Taif city of Saudi Arabia from June 2020 to June 2021. Data was collected from the picture
archiving and communication system (PACs) for a total of 445 positive patients who underwent CT pulmonary
angiography and analyzed using SPSS.

Results: The mean age and gender of the male were 57.3 + 15.8 years and 64.5%, respectively. The prevalence of
pulmonary embolism at CTA among patients with COVID-19 was found to be 8.1%. Bilateral segmental and
bilateral subsegmental pulmonary embolism were found to be the most common sites for PE (16.7% for each).
Furthermore, shortness of breath (SOB) was found to be the most common reported symptom among the re-
spondents. Lastly, shortness of breath, chest pain, loss of taste or smell, D-dimer, and cardiac troponin were found
to be significantly associated with PE (P-value = < 0.001, <0.001, 0.001, <0.001 and 0.037 respectively).
Conclusion: Present results show that the prevalence of pulmonary embolism among COVID19 patients with CT
Pulmonary Angiography at KFMC is relatively low (8.1%) and most of the patients were from the ICU depart-
ment. Early detection and treatment of COVID-19 patients with PE and APE complications are critical for
lowering the mortality rate.

1. Introduction 2020, in Saudi Arabia, the first case was announced by the ministry of

health, and as of July 31, 2022, the total number of confirmed cases was

Coronavirus disease 2019 (COVID-19) is a highly contagious disease
caused by the SARS-CoV-2 virus that affects the respiratory system of the
human body. Soon after the detection of the first case in Wuhan, China
on the December 31, 2019, it has been spread quickly around the world
and became a global pandemic (About the virus, 2022). On March 2,

810 K with about 9 K deaths.

The statistics show that Covid-19 patients had mild symptoms
including fever, cough, fatigue, loss of taste/smell, and rhinorrhea
(Lovato et al., 2020). In addition, some patients may develop respiratory
failure. Although the underlying reason for respiratory deterioration
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varies from person to person, the development of acute respiratory
distress syndrome (ARDS), progression of viral pneumonia, and pul-
monary emboli are considered major contributing factors. The diagnosis
of ARDS, pneumonia and PE in COVID-19 patients is challenging with
significant therapeutic implications. Consequently, several international
guidelines recommend the use of low-dose non-enhanced CT (LDCT) for
assessing the severity of COVID-19 pneumonia (Rubin et al., 2020;
Vogel-Claussen et al., 2020). Therefore, PE can be ruled out as a cause of
sudden respiratory deterioration. Moreover, the patients who suffer
from severe pneumonia, show deficiency in some signs and symptoms
that are needed to initiate diagnostic evaluation for PE. This kind of
COVID-19 patients shows elevated levels of d-dimer (Yu et al., 2020).

Pulmonary embolism occurs when a blood clot (thrombus) causes a
blockage in the main pulmonary artery or its bifurcation, this clot arises
from deep leg veins in 95% of cases. PE affects about 300,000-600,000
humans every year and an estimated 100,000 deaths per year in the USA
(Beckman et al., 2010), due to the inconsistency of signs and symptoms,
resulting in the misdiagnosis by doctors. COVID-19 infections usually
cause the coagulation system to be activated. This is known as COVID-19
hypercoagulability, and it results in many complications to the relevant
COVID-19 patients followed by high mortality and morbidity rates
(Connors & Levy, 2020).

Computed tomography pulmonary angiography (CTPA) provides
many advantages over other modalities in diagnosing PE because it is
fast, noninvasive, widely available, and includes direct visualization of
the embolus cross-sections in multiple planes. Therefore, it is considered
the best modality to diagnose patients with PE. Normal pulmonary
vessels appear as a bright white when the contrast agent is injected
unlike PE appears as a contrast filling defect (Albert et al., 2008)
(Hamid, 2021). There is a lack of publication from our community ac-
cording to literature available for authors, regarding the prevalence of
PE, consequently the present study aims to investigate the prevalence of
PE among COVID-19 patients who have undergone CTPA examinations
and the factors associated with the severity of PE.

2. Materials and methods

This is a retrospective cross-sectional study to investigate the prev-
alence of PE in COVID-19 patients who have been examined by CT
pulmonary angiography and the factors associated with the severity of
PE. The study was conducted at King Faisal Medical Complex in Taif,
from June 2020 to June 2021. The inclusion criteria of COVID-19 pa-
tients include males and females of age greater than 21 years. All data
were collected from the picture archiving and communication system
(PACS) for all patients who were tested positive for COVID-19 and un-
derwent CT pulmonary angiography.

The search term “pulmonary embolism” was used to identify CT
pulmonary angiography examinations performed from December 2020
to September 2021. The electronic medical record for the patients was
reviewed to identify those who were confirmed to have COVID-19
infection by reverse transcription polymerase chain reaction (rt-PCR)
testing of nasopharyngeal or oropharyngeal swab samples. Only the
patients who tested positive for COVID-19 with rt-PCR were included in
the study sample. Note that the King Faisal Medical Complex is the only
designated center for the treatment of COVID-19 patients in Taif city and
it is equipped with two CT machines dedicated to diagnosing COVID-19
patients only during the pandemic. The CTPA examination is performed
as a protocol for any patient admitted to the hospital who had tested
COVID-19 positive. It has been found that most patients are admitted to
the hospital in the early stage of the COVID-19 symptom. The study was
ethically approved by the administration of research and studies in the
directorate of health affair-Taif city, Saudi Arabia.

CT Protocol: All examinations protocol were performed at the
aforementioned King Faisal Medical Complex. Either 64 or 256 slices
were obtained by computed tomography scanners (Siemens/GE) during
the inspiration phase. The patient was supine and arms above the head
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and injected with 40-70 ml omnipaque (iohexol injection) contrast
media (according to the patient’s weight) together with 20 ml of normal
saline, the flow rate was 5 mL/s. The scan direction was caudocranial
from the diaphragm to apices (slice thickness 0.6 mm).

3. Statistical analysis

The results are summarized as mean + SD in the relevant tables
shown in later sections. Data were analyzed by applying the standard
Statistical Package for the Social Sciences (SPSS) version 23. The P-value
of <0.001 was considered significant.

4. Results

In this study, a total of 445 participants were included. The mean age
of respondents was 57.3 + 15.8 years (range 21-112), most of them
were males (64.5%) and 158 (35.5%) were females. Present results
revealed that BI ground-glass opacity (BI GGO) was the most common
reported CT finding among the participants (76.6%) followed by normal
CT finding (11.9%), then pleural effusion shown by (11%) of re-
spondents. Moreover, the CT findings demonstrated that only 6.5%,
5.2%, and 3.4% of participants showed bilateral pleural effusion,
multifocal pneumonia, and ground-glass opacities (GGO) respectively
(Table 1).

4.1. The prevalence of PE in COVID-19 patients experienced CTPA
examinations

This study found that the prevalence of pulmonary embolism at CT
pulmonary angiography was 8.1% among the patients with COVID-19
symptoms who were admitted to the King Faisal Medical Complex
(KFMC) in Taif city of Saudi Arabia (see Fig. 1).

Pulmonary Embolism sites: Present results showed that bilateral
segmental (16.7%) and bilateral subsegmental (16.7%) were equally the
most common sites for Pulmonary Embolism among the respondents
followed by bilateral segmental and subsegmental (13.9%), left lower
segmental (8.3%), left lower subsegmental (8.3%), and right segmental
(8.3%). On the other side, left segmental and left subsegmental were
reported at (11%) collectively (Table 2) (Figs. 2-5).

Symptoms among the study population: Present results showed
that shortness of breath (SOB) is the most common documented symp-
tom among the respondents (66.5%). Almost the same proportion of
participants (65.4%) experienced chest pain followed by the symptoms
of loss of taste or smell (63.1%). Additionally, we found that cough,

Table 1
CT Findings under this retrospective study.

CT Findings Frequency Percent
1. Normal 53 11.9%
2. Gall bladder stone 12 2.7%
3. Pleural effusion 49 11%
4. Bilateral Pleural effusion 29 6.5%
5. Ground-glass Opacities 15 3.4%
6. Pulmonary Embolism 36 8.1%
7. Bilateral Ground-glass Opacities 341 76.6%
8. Cardiomegaly 12 2.7%
9. Bilateral subsegmental 1 0.2%
10. Renal cyst 12 2.7%
11. Fatty liver 5 1.1%
12. Nodule Breast 1 0.2%
13. Hilar calcified 1 0.2%
14. Hypoxia 2 0.4%
15. Dilated Aorta 5 1.1%
16. Paving opacities 15 3.4%
17. Hepatomegaly 8 1.8%
18. Spleen calcification 1 0.2%
19. Hiatus hernia 4 0.9%
20. Multifocal Pneumonia 23 5.2%
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Pulmonary Embolism in COVID-19 patients

”

— Positive: 8.1%

Negative: 91.9%

I Positive

I Negative

Fig. 1. The Prevalence of Pulmonary Embolism among the study population (n
= 445).

Table 2

Pulmonary Embolism site (n = 36).
Pulmonary Embolism Site Frequency Percent
Bilateral Segmental 6 16.7%
Bilateral Segmental and Subsegmental 5 13.9%
Bilateral Subsegmental 6 16.7%
Left Lower Segmental 3 8.3%
Left Lower Subsegmental 3 8.3%
Bilateral Middle Subsegmental 1 2.8%
Left Segmental 2 5.5%
Left Subsegmental 2 5.5%
Left Upper Segmental 1 2.8%
Right Lower Segmental 1 2.8%
Right Lower Subsegmental - Segmental 1 2.8%
Right Segmental 3 8.3%
Right Segmental - Subsegmental 1 2.8%
Upper Segmental 1 2.8%
Total 36 100%

fever and headache were reported by nearly forty percent (40%) of the
participants. Only 15.5% of respondents suffered from sore throats
(Fig. 6). The prevalence of PE in COVID-19 patients in different studies is
shown in Fig. 7.

Laboratory investigations: Based on the laboratory investigations,
it has been found that the average level of D-dimer was 2.3 + 3.2 uqg/mL
(range 0.2-18.6), the average level of Lactate dehydrogenase was 380.9
+ 177.4 U/L (range 148-1192) and the average level of Cardiac
Troponin was 32 + 107.6 pg/mL (range 3-801.8).

4.2. Association between demographic and clinical characteristics with
pulmonary embolism

Present results have shown a non-significant association between
demographic variables (age and gender) and pulmonary embolism
among the study population. However, there was a positive significant
association between pulmonary embolism and shortness of breath, chest
pain and loss of taste or smell (P values = < 0.001, <0.001 and 0.001
respectively). Based on the laboratory test results, the D-dimer and
Cardiac troponin levels revealed a significant association with pulmo-
nary embolism (P values = < 0.001 and 0.037 respectively) as shown in
Table 3. The pulmonary Embolism site compared to other studies is
shown in Table 4.
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Fig. 2. CTPA of 60 years old female with covid demonstrates PE in the right
middle and left lower segmental branches (red arrow). (For interpretation of
the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Fig. 3. CTPA of 38 years old female with Covid-19 demonstrates PE in the right
descending pulmonary artery (red arrow) and mild bilateral pleural effusion
(yellow arrows). (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)

5. Discussion

This is a retrospective cross-sectional study that assessed the preva-
lence of pulmonary embolism in patients who tested positive for coro-
navirus disease and were examined by CT pulmonary angiography at
King Faisal Medical Complex (KFMC) in Taif city of Saudi Arabia.
COVID-19 may predispose patients to thrombotic complications as a
result of excessive inflammation, platelet activation, endothelial
dysfunction, and stasis (Bikdeli et al., 2020). The impact of thrombotic
complications is increasingly recognized as an important component of
this disease, and a subset of patients who develop severe respiratory
distress syndrome, sepsis, septic shock, and pulmonary embolism
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Fig. 4. CTPA of 37 years old female with Covid-19 demonstrates PE in the left
lower and right lower segmental pulmonary artery (red arrow). (For interpre-
tation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)

MA: 406.0
KV: 100.0

Fig. 5. CTPA of 69 years old male with Covid-19 demonstrates PE in the
bilateral lower segmental branches (red arrow) and Ground Glass Opacification
(yellow arrow). (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)

requires more likely mechanical ventilation and critical care unit for
recovery than the patients who do not have a pulmonary embolism
(Awulachew et al., 2020).

A review of the literature shows that several studies from around the
world have assessed the prevalence of PE in COVID19 patients only
recently, beginning with a single case and small-series reports (Danzi
et al., 2020; Fabre et al., 2020; Rotzinger et al., 2020; Ullah et al., 2020;
Xie et al., 2020). In the current study, we found that the prevalence of PE
at CT Pulmonary Angiography was 8.1% among patients with
COVID-19. This prevalence was lower than in some other studies con-
ducted in Saudi Arabia, with rates between 12% and 32% (Abohamr
et al., 2021; Badr et al., 2021; Bukhari et al., 2021). Other studies in
Italy, New York, Spain, and the UK revealed a very high prevalence of PE

296

Journal of Radiation Research and Applied Sciences 15 (2022) 293-298

Patient symptoms
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Fig. 6. Symptoms among the study population (n = 445).
The prevalence of pulmonary embolism in
COVID-19 patients in different studies.
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Fig. 7. The prevalence of pulmonary embolism

different studies.

—

n COVID-19 patients in

Table 3
Association between demographic and clinical characteristics with PE.
Variable APE Non-PE P value
N =36 N = 409
Demographic data:
Age (years) (mean =+ SD) 56.1 (16.3) 57.4 (15.7) 0.633
Gender, n (%) Male 22 (61.1%) 265 (64.8%) 0.658
Female 14 (38.9%) 144 (35.2%)
Department ICU 34 (94.4%) 401 (98%) 0.162
Emergency 2 (5.6%) 8 (2%)
Clinical presentation: n (%)
Fever 20 (55.6%) 161 (39.4%) 0.058
SOB 35 (97.2%) 261 (63.8%) < 0.001
Sore throat 3(8.3%) 66 (16.1%) 0.215
Chest pain 35 (97.2%) 256 (62.6%) < 0.001
Cough 20 (55.6%) 168 (41.1%) 0.092
Loss of taste or smell 32 (88.9%) 249 (60.9%) 0.001
Headache 18 (50%) 160 (39.1%) 0.201
Not mentioned 0 (0) 14 (3.4%) 0.259
Laboratory tests: median (in quartile range 25% - 75%)
D-dimer test ug/ml 3.5@1.1-7.1) 1.0 (0.7-1.9) < 0.001
Lactate Dehydrogenase U/L 342 (267.5-420) 385.5 (278-522) 0.637
Cardiac troponin pg/ml 13.2 (8.5-52.5) 8.6 (6.1-12.2) 0.037

among COVID-19 patients, 40%, 37.1%, 50%, and 38% respectively
(Alonso-Fernandez et al., 2020; Kaminetzky et al., 2020; Masselli et al.,
2021; Ooi et al., 2020). However, earlier studies in Spain and UK
demonstrated a lower rate of PE prevalence 6.4% and 5.4% respectively
among COVID 19 patients (Mestre-Gomez et al., 2020; Whyte et al.,
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Table 4
Pulmonary Embolism site compared to other studies.

Pulmonary Embolism Sites Our Findings Spain Saudi Arabia
Bilateral 50% 60% 72.7%
Segmental 30.5% 53% 27.3%
Subsegmental 13.9% 7% None
Unilateral (Segmental - Subsegmental) 5.6% None None

2020, pp. 95-99) (see Fig. 7). This may indicate that the differences
between these studies are due to variations in the clinical condition of
the sample population, which is explained in a systemic review from the
Netherlands which concluded that the frequency of PE in patients with
COVID-19 is highest in the ICU, followed by general wards and the
emergency department (Kwee et al., 2021, pp. 1-19). It has been found
that the results of the systemic review are similar to our results, most PE
patients 34 (94.4%) were from the intensive care unit and 2 (5.6%) were
from the emergency department. Moreover, the effect of vaccines should
be considered while calculating the reduction of prevalence and inci-
dence of PE. It is assumed that some of the above-mentioned studies
were conducted before the development and successful administration
of COVID-19 vaccines. In addition, the observed frequency of PE also
depends on the selection criteria for CT Pulmonary Angiography.

The current study revealed that Bilateral segmental and Bilateral
subsegmental were the most common sites for PE in the current par-
ticipants. A case-control study in Saudi Arabia has reported similar re-
sults to ours, namely that unilateral acute PE was seen in 3/11 cases,
while bilateral distribution was seen in 8/11 cases. There were no
emboli at the central level among 11 cases of acute PE, but there were
three cases of PE at the lobar level, three cases at the segmental level,
and five cases at the lobar, segmental, and subsegmental levels (Darwish
et al., 2021, pp. 1-5). Another study in Spain supported this finding
(Alonso-Fernandez et al., 2020) (Table 4).

Several studies have reported that D-dimer levels are significantly
associated with pulmonary embolism in COVID-19 patients (Alonso--
Fernandez et al., 2020; Darwish et al., 2021, pp. 1-5; Masselli et al.,
2021). The D-dimer level appears to be an important parameter in the
management of COVID-19 patients, allowing both the severity of the
disease (Zhou et al., 2020) and the suspicion of acute pulmonary em-
bolism (APE). Given that an increase in D-dimer levels has been linked to
COVID-19, it would be interesting to see if there is a cut-off D-dimer
level at which CTPA could be recommended to look for APE in
COVID-19 patients based on large-scale studies (Leonard-Lorant et al.,
2020). Moreover, we found other associated factors with PE such as
shortness of breath, chest pain, loss of taste or smell, and cardiac
troponin level. Also, another study in Saudi Arabia (Abohamr et al.,
2021) showed a significant association between PE in COVID-19 pa-
tients and cardiac troponin levels, which is in agreement with the pre-
sent study. This indicates that more studies are needed to have a better
understanding of the pathophysiology of PE among COVID-19 patients.

6. Conclusion

This study shows that the prevalence of pulmonary embolism among
COVID-19 patients diagnosed by CT Pulmonary Angiography at King
Faisal Medical Complex in Taif city of Saudi Arabia is relatively low
(8.1%) and most of the patients were from the ICU department. Pre-
ventive measures should be considered for hospitalized patients who
have shortness of breath, chest pain, loss of taste or smell, and elevated
D-dimer and cardiac troponin levels. Early detection and treatment of
COVID-19 patients with PE and APE complications are critically needed
for lowering the mortality rate. More studies are needed to assess the
risk factors and thrombosis mechanisms associated with the COVID-19
symptoms.
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7. Limitations

Due to the retrospective study design, it was not possible to establish
a causal relationship between COVID-19 and pulmonary embolism.
Furthermore, the present study utilized the data that was obtained only
from King Faisal Medical Complex in Taif, which is recognized as the
COVID-19 Center in Taif city of Saudi Arabia. Data obtained from
several designated hospitals may provide more accurate results by
removing any possible bias with many known/unknown local/regional
factors.
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