
Copyright © 2022 Marmara University Press
DOI: 10.33808/clinexphealthsci.994118

Clin Exp Health Sci 2022; 12: 280-284
ISSN:2459-1459

Clinical and Experimental 
Health Sciences

 
ABSTRACT

Objective: The incidence of pulmonary embolism (PE) increases with COVID-19. With the pandemic, changes occur in the utilization of 
computed tomography pulmonary angiography (CTPA), which we use in the diagnosis of PE. In our study, we investigated the impact of the 
pandemic on the utilized and result of CTPA.

Methods: Patients over the age of 18 who applied to the emergency department between 01.03.2019 and 28.02.2021 and underwent CTPA 
was included in this retrospective study. Patients were separated to two groups based on the date of the first case. CTPA result and Polymerase 
chain reaction (PCR) positivity status were recorded. Data were compared between groups.

Results: While 757(1.022%) out of 74,063 patients underwent CTPA in the pre-pandemic period, 649(1.430%) out of 45,397 patients underwent 
CTPA in the during-pandemic period. The PE rate in patients who underwent CTPA in the during-pandemic period was statistically significantly 
higher compared to the pre-pandemic period (pre-pandemic: 89(11.9%), during-pandemic: 122(19%), p<0.001). In the during-pandemic 
period, there was no statistically significant difference in the rate of PCR positivity in any time in patients with PE detected as a result of CTPA 
compared to patients without PE (PE: 14(11.5%), non-PE: 54(10.4%), p=0.725).

Conclusion: Higher rate of CTPA shoot was obtained in the during-pandemic period compared to the pre-pandemic period. Additionally, the 
rate of PE detection among patients who underwent CTPA was statistically significantly higher in the during-pandemic period compared to the 
pre-pandemic period.
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a viral disease that 
starts with symptoms of upper respiratory tract infection 
(1). Since spreading worldwide, it was considered in the 
pandemic (2). COVID-19 causes hypercoagulation by 
causing endothelial damage (3). It was found that the rate 
of pulmonary embolism (PE) is increased in hospitalized 
COVID-19 patients and critical care unit COVID-19 patients 
(4). Although prophylactic anticoagulant therapy, deaths due 
to PE occurred in COVID-19 patients (5).

Although methods such as D-dimer and echocardiography 
are used to diagnose PE in the emergency department (ED), 
the most commonly used diagnostic method is computed 
tomography pulmonary angiography (CTPA) (6). Along 
with the pandemic, changes have occurred in ED patient 
management and the utilization of computed tomography 
(CT) (7,8). To manage the diagnosis and prophylaxis of 
PE, which is a life-threatening disease, epidemiological 

researches are needed to appraise the change in the use of 
CTPA with the pandemic.

In this study, we analyzed the impact of the pandemic on the 
utilization and result of CTPA. For this purpose, we examined 
the utilization of CTPA and the results of CTPA in patients 
who applied to the ED in the 1-year periods before and after 
the onset of the pandemic.

2. METHODS

The study was designed as retrospective, observational and 
single-center. The local ethics committee granted approval 
for the study (Necmettin Erbakan University Meram Medical 
Faculty Pharmaceutical and Non-Medical Device Studies 
Ethical Committee, 2021/3310, 18.06.2021). Patients over 
the age of 18 who applied to the ED of a tertiary university 
hospital between 01.03.2019 and 28.02.2021 and underwent 
CTPA at any time until they left the hospital was included in 
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the study. After the pandemic started, the hospital where 
the study was conducted served both COVİD 19 patients 
and non-COVID 19 patients. Data were obtained by scanning 
the CTPA code over the hospital information management 
system program. Patients whose CTPA not be interpreted due 
to shooting artifact and/or contrast deficiency were excluded 
from the study. Although the contrast and shooting method 
were not optimal, patients whose CTPA was interpreted were 
included in the study. Patients were separated to two groups 
based on the date of the first case in the country where 
the study was conducted (March 2020). The period from 
01.03.2019 to 29.02.2020 was named as the pre-pandemic 
period, and the period from 01.03.2020 to 28.02.2021 was 
named as the during-pandemic period. Besides, the groups 
were named as pre-pandemic and during-pandemic.

Age, gender, hospital outcomes (discharge, exitus in-hospital, 
discharged against medical advice (AMA), and referral), in-
hospital mortality status (survivior, non-survivor), length of 
hospital stay, optimality status of CTPA in terms of contrast 
and shooting, CTPA shooting status in ED, CTPA result (PE 
positive, PE negative), localization of the thrombus (if 
there is PE), bilateral thrombus status (if there is PE), and 
thrombolytic treatment status were recorded. Additionally, 
polymerase chain reaction (PCR) positivity in the last 2 
weeks and PCR positivity at any time was recorded in the 
during-pandemic group. It was compared the collected 
data between groups. The primary aim of the study was to 
evaluate the frequency of CTPA scans and PE between the 
two periods. The secondary aim of the study was to compare 
the PCR positivity rates between those who were diagnosed 
with PE and those who were not.

SPSS program was used for statistical analysis. Normality 
analysis of the data was performed. Kolmogorov–Smirnov 
test was used for this. All quantitative data were not 
normally distributed. Quantitative and categorical data were 
expressed as median (Q1 –Q3) and frequency (percentage). 
The differences between the groups were investigated using 
the Mann–Whitney U test and chi-square test. For statistical 
significance, p<0.05 was accepted.

3. RESULTS

A total of 74,063 patients over the age of 18 in the pre-
pandemic period and 45,397 patients over the age of 18 in the 
during-pandemic period were admitted to the ED of hospital 
where the study was conducted. While 757(1.022%) patients 
underwent CTPA in the pre-pandemic period, 649(1.430%) 
patients underwent CTPA in the during-pandemic period. In 
total, 1406 patients underwent CTPA. Fifteen of these 1406 
patients were excluded because CTPA not be interpreted due 
to contrast deficiency and shooting artifact (8 pre-pandemic, 
7 during-pandemic). Of the remaining 1349 patients, 749 
(53.8%) were in the pre-pandemic group and 642 (46.2%) 
were in the during-pandemic group. PE was detected in 211 
(15.2%) of the patients who underwent CTPA. Additionally, 
in 274(19.7%) patients, CTPA was not shot in the emergency 
room, but in the service where they were hospitalized. In-
hospital mortality was observed in 230 (16.5%) of the 
patients included in the study. The data of the patients are 
given in Table 1 in detail.

Table 1. The Result of parameters according to the periods

All
(1391)

Pre-pandemic (749) During-pandemic (642) p value

Age 67(55-78) 66(53-77) 70(57-79) 0.001
Length of Hospital Stay (Day) 4(0-12) 3(0-12) 6(1-13) <0.001

Gender
Male 710(51%) 382(51%) 328(51.1%)

0.974
Female 681(49%) 367(49%) 314(48.9%)

CTPA shooting location
ED 1117(80.3%) 630(84.1%) 487(75.9%)

<0.001
Admission clinic 274(19.7%) 119(15.9%) 155(24.1%)

CTPA result PE positive 211(15.2%) 89(11.9%) 122(19%) <0.001
Contrast enhancement is optimal 1329(95.5%) 721(96.3%) 608(94.7%) 0.161

Hospital Outcome

Discharged 1026(73.8%) 580(77.4%) 446(69.5%)

0.001
Exitus 230(16.5%) 98(13.1%) 132(20.6%)

Referral 50(3.6%) 22(2.9%) 28(4.4%)
Discharged against 

medical advice
85(6.1%) 49(6.5%) 36(5.6%)

In-Hospital Mortality
Survivor 1161(83.5%) 651(86.9%) 510(79.4%)

<0.001
Non-Survivor 230(16.5%) 98(13.1%) 132(20.6%)

CTPA: Computed tomography pulmonary angiography; ED: Emergency department; PE: Pulmonary embolism.
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The PE rate in patients who underwent CTPA in the during-
pandemic period was statistically significantly higher compared 
to the pre-pandemic period (pre-pandemic: 89(11.9%), 
during-pandemic: 122(19%), p<0.001). In-hospital mortality 
rate of patients who underwent CTPA in the during-pandemic 
period was statistically significantly higher compared to the 
pre-pandemic period (pre-pandemic: 98 (13.1%), during-
pandemic: 132 (20.6%), p<0.001). The comparison of the data 
according to the periods is given in Table 1 in detail.

There was no statistically significant difference between 
the pre-pandemic period and the during-pandemic period 
in parameters such as age, gender, hospitalization time, 
localization of thrombus, in-hospital mortality of patients 
with PE. However, the rate of bilateral PE detected in the 
pre-pandemic period was statistically significantly higher 
compared to during-pandemic period (pre-pandemic: 
54(60.7%), during-pandemic: 57(46.7%), p=0.045) (Table 2).

Table 2. Evaluation of PE patients according to periods

All(211) Pre-pandemic(89) During-pandemic(122) p value

CTPA shooting location
ED 154(73%) 65(73%) 89(73%)

0.989
Admission clinic 57(27%) 24(27%) 33(27%)

Is embolism bilateral? Yes 111(52.6%) 54(60.7%) 57(46.7%) 0.045

Localization of thrombus

Subsegmental artery 12(5.7%) 7(7.9%) 5(4.1%)

0.245
Segmental artery 131(62.1%) 50(56.2%) 81(66.4%)

Main and lobar pulmonary 
artery

68(32.2%) 32(36%) 36(29.5%)

Thrombolytic Therapy 17(8.1%) 6(6.7%) 11(9%) 0.549
Age 71(57-78) 66(55.5-74.5) 72(58-81) 0.019
Gender Male 104(49.3%) 42(47.2%) 62(50.8%) 0.603
Length of Hospital Stay (Day) 9(4-17) 10(4.5-16.5) 9(4-17.25) 0.531

In-Hospital Mortality
Survivor 150(71.1%) 68(76.4%) 82(67.2%)

0.146
Non-Survivor 61(28.9%) 21(23.6%) 40(32.8%)

CTPA: Computed tomography pulmonary angiography; ED: Emergency department; PE: Pulmonary embolism.

Table 3. Evaluation of parameters according to CTPA result

PE(211) Non-PE(1180) P value
Age 71(57-78) 67(55-78) 0.118
Length of Hospital Stay (Day) 9(4-17) 3(0-12) <0.001

Gender
Male 104(49.3%) 606(51.4%)

0.580
Female 107(50.7%) 574(48.6%)

Hospital 
Outcome

Discharged 132(62.6%) 894(75.8%)

<0.001
Exitus 61(28.9%) 169(14.3%)

Referral 20(4.7%) 40(3.4%)
Discharged against 

medical advice
8(3.8%) 77(6.5%)

In-Hospital 
Mortality

Survivor 150(71.1%) 1011(85.7%)
<0.001

Non-Survivor 61(28.9%) 169(14.3%)
CT 
shooting 
location

ED 154(73%) 963(81.6%)
0.004

Admission clinic 57(27%) 217(18.4%)

Contrast enhancement is 
optimal

207(98.1%) 1122(95.1) 0.050

CTPA: Computed tomography pulmonary angiography; ED: Emergency 
department; PE: Pulmonary embolism.

The median length of hospital stay of patients with PE 
detected by CTPA was statistically significantly higher 
compared to patients without PE (PE: 9(4–17), non-PE: 3(0–
12), p<0.001). In-hospital mortality rate of patients with PE 
detected as a result of CTPA was statistically significantly 
higher than patients without PE (PE: 61(28.9%), non-PE: 
169(14.3%), p<0.001). A detailed comparison of the data 
according to the result of CTPA is given in Table 3.

In the during-pandemic period, there was no statistically 
significant difference in the rate of PCR positivity in the last 
2 weeks in patients with PE detected as a result of CTPA 
compared to patients without PE (PE: 7(5.7%), non-PE: 
32(6.2%), p=0.863) (table 4). In the during-pandemic period, 
there was no statistically significant difference in the rate 
of PCR positivity in any time in patients with PE detected 
as a result of CTPA compared to patients without PE (PE: 
14(11.5%), non-PE: 54(10.4%), p=0.725) (Table 4).
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Table 4. Evaluation of CTPA result with PCR positivity in the during-
pandemic period

All(642) PE(122) Non-PE(520) P value
PCR positivity in any 
time

68(10.6%) 14(11.5%) 54(10.4%) 0.725

PCR positivity in the 
last 2 weeks

39(6.1%) 7(5.7%) 32(6.2%) 0.863

PCR: Polymerase chain reaction; CTPA: Computed tomography pulmonary 
angiography; PE: Pulmonary embolism.

4. DISCUSSION

In our study, patients who underwent CTPA in the 1-year 
periods before and after the onset of the pandemic were 
examined. The rate of CTPA shoot was found to be higher 
in the during-pandemic period. Additionally, in the during-
pandemic period the number of patients with PE detected 
in patients who underwent CTPA was higher than in the pre-
pandemic period.

PE is a life-threatening disease that requires rapid 
intervention. Due to the relationship between COVID-19 
and hypercoagulation, it is thought that its frequency may 
increase with the pandemic. In this study, the rate of PE 
detection in the during-pandemic period was statistically 
significantly higher compared to the pre-pandemic period. In 
the study by Watchmaker et al., the number of patients with 
PE detected as a result of CTPA in March-April 2019 was 34, 
while the number of patients with PE as a result of CTPA in 
March-April 2020 was 87 (9). In the study by Finn et al., while 
Pulmonary Embolism Response Team (PERT) consultation 
was requested from 26 patients in March-April 2019, PERT 
consultation was requested from 74 patients in March-April 
2020 (10). In the same study, PE was detected by CT in 24 
patients in March-April 2019, whereas PE was detected by 
CT in 43 patients in March-April 2020 (10). There may be 
many reasons for the increase in the incidence of PE with 
the pandemic. The reason for this increase can be shown 
as the direct effect of the COVID-19. Because the rate of PE 
in patients hospitalized due to COVID-19 was found to be 
higher compared in patients hospitalized for other reasons 
(11). Additionally, in a meta-analysis of 22 studies by Suh et 
al., the rate of PE in 3342 COVID-19 patients was found to be 
16.5% (12). Espallargas et al. determined that PE detected 
in COVID-19 patients was predominantly unilateral and on 
the right side (13). In our study, the rate of bilateral PE in 
the during-pandemic period was found to be statistically 
significantly low. This result may be an explanation that the 
cause of increased PE in the during-pandemic period can be 
attributed to COVID-19.

In our study, in the during-pandemic period, there was no 
statistically significant difference in the rate of PCR positivity 
between patients with and without PE according to the CTPA 
result. This result is in contrast to the conclusion that the 
increase in PE may be due to COVID-19. There are studies 
with similar results in the literature. Freund et al. found 
similar PCR positivity between 500 patients with PE and 2753 
patients without PE in a retrospective multicenter study 

conducted with 3253 patients who underwent CTPA (14). 
The reason for this situation be that the pre-diagnosis of PE 
should be considered more in patients with PCR positivity. 
For this reason, it may have increased CTPA negativity for PE 
in patients with PCR positivity. Additionally, the inadequacy 
in the number of PCR tests during the pandemic process and 
the fact that a patient who does not have a PCR test even 
if he/she has COVID-19 can be included in the PCR-negative 
group also causes this increase. To eliminate this bias in a 
patient with PCR positivity, studies with prospective and 
CTPA shot criteria are needed. In the study by Agarwal et al., 
it was determined that the number of CTPA shoots decreased 
after the pandemic compared to the pre-pandemic period 
(8). They thought that the reason for this decrease might be 
the decrease in ED admission (8). Because we know from the 
literature that the number of ED admission has decreased 
during the pandemic period compared to the pre-pandemic 
period. In the study by Hartnett et al., they found that the 
number of ED visits decreased by 42% compared to the pre-
pandemic period (15). In our study, while the number of CTPA 
shoots was found to be less in the during-pandemic period, 
the CTPA shoot rate was found to be higher. The increase in 
CTPA shoot rate increase the number of patients with PE. 
However, in our study, the rate of CTPA shoots increased by 
39.92% in the during-pandemic period compared to the pre-
pandemic period, while the rate of PE detection increased 
by 59.66% in patients who underwent CTPA (1.022%-
1.430%=39.92%; 11.9%-19%=59.66%). In other words, we 
cannot attribute the increase in PE detection rate only to the 
increase in CTPA shoot rate.

In our study, statistically significant difference was not found 
in the in-hospital mortality rates and length of hospital 
stays of patients with PE in the during-pandemic period 
compared to the pre-pandemic period. Additionally, the rate 
of thrombolytic therapy and the localization of the thrombus 
(segmental, subsegmental) were found to be similar between 
the two groups in our study. In the study by Finn et al., the 
length of hospital stays, in-hospital mortality rates and 
severity of PE (massive-submassive) was found to be similar 
between the pre-pandemic group and the during-pandemic 
group (10). However, high mortality rates have been shown 
in the literature in COVID-19 patients with PE. In a meta-
analysis of 8 studies by Liao et al., they found a mortality rate 
of 45.1% in COVID-19 patients with PE (16). We can explain 
this contradiction by the small number of patients in our 
study. Because, although there was no statistical difference 
in our study, the in-hospital mortality rate was 32.8% in 
patients with PE in the during-pandemic period, while it was 
23.6% in the pre-pandemic period.

This study has some limitations. The fact that the study is 
retrospective and single-centered is a limitation. Failure to 
evaluate the CTPA shoot criteria creates a limitation. The 
inability to explain a clear reason for the difference between 
the two periods is a limitation. Not evaluating patients 
receiving anticoagulant prophylaxis is a limitation.
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5. CONCLUSION

According to the results of the study, a higher rate of 
CTPA shoots was obtained in the during-pandemic period 
compared to the pre-pandemic period. Additionally, the 
rate of PE detection among patients who underwent CTPA 
was statistically significantly higher in the during-pandemic 
period compared to the pre-pandemic period.

REFERENCES

[1] Mawaddah A, Genden HS, Lum SG, Marina MB. Upper 
respiratory tract sampling in COVID-19. Malays J Pathol. 
2020;42(1):23-35.

[2] Tekin E, Bayraktar M, Gür A, Ozlu İ. Investigation of the 
usability of CT in clinical decision making by comparing 
COVID-19 positive and probable patients diagnosed according 
to CT imaging findings. Duzce Medical Journal. 2021; 23(2): 
205-210.

[3] Filippi L, Sartori M, Facci M, Trentin M, Armani A, Guadagnin 
ML, Prandoni P. Pulmonary embolism in patients with 
COVID-19 pneumonia: When we have to search for it? Thromb 
Res. 2021;206(10):29-32.

[4] Kwee RM, Adams HJ, Kwee TC. Pulmonary embolism in 
patients with COVID-19 and value of D-dimer assessment: a 
meta-analysis. Eur Radiol. 2021;31(11):8168-8186.

[5] Lax SF, Skok K, Zechner P, Kessler HH, Kaufmann N, Koelblinger 
C, Vander K, Bargfrieder U, Trauner M.. Pulmonary arterial 
thrombosis in COVID-19 with fatal outcome: results from a 
prospective, single-center, clinicopathologic case series. Ann 
Intern Med. 2020;173(5):350-361.

[6] Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, 
Harjola VP, Huisman MV, Humbert M, Jennings CS, Jiménez D, 
Kucher N, Lang IM, Lankeit M, Lorusso R, Mazzolai L, Meneveau 
N, Ní Áinle F, Prandoni P, Pruszczyk P, Righini M, Torbicki A, 
Van Belle E, Zamorano JL; ESC Scientific Document Group. 
2019 ESC Guidelines for the diagnosis and management 
of acute pulmonary embolism developed in collaboration 
with the European Respiratory Society (ERS). Eur Heart J. 
2020;41(4):543-603.

[7] Möckel M, Bachmann U, Behringer W, Pfäfflin F, Stegemann 
MS. How emergency departments prepare for virus disease 
outbreaks like COVID-19. Eur J Emerg Med. 2020;27(3):161-
162.

[8] Agarwal M, Udare A, Patlas M, Ramonas M, Alaref AA, 
Rozenberg R, Ly DL, Golev DS, Mascola K, van der Pol CB. Effect 
of COVID-19 on computed tomography usage and critical test 
results in the emergency department: an observational study. 
CMAJ Open. 2020;8(3):568-576.

[9] Watchmaker JM, Goldman DT, Lee JY, Choi S, Mills AC, Toussie 
D, Finkelstein M, Sher AR, Jacobi AH, Bernheim AM, Chung MS, 
Eber CD, Lookstein RA. Increased incidence of acute pulmonary 
embolism in emergency department patients during the 
COVID-19 pandemic. Acad Emerg Med. 2020;27(12):1340-
1343.

[10] Finn MT, Gogia S, Ingrassia JJ, Cohen M, Madhavan MV, Nabavi 
Nouri S, Brailovsky Y, Masoumi A, Fried JA, Uriel N, Agerstrand 
CI, Eisenberger A, Einstein AJ, Brodie D, B Rosenzweig E, Leon 
MB, Takeda K, Pucillo A, Green P, Kirtane AJ, Parikh SA, Sethi 
SS. Pulmonary embolism response team utilization during the 
COVID-19 pandemic. Vasc Med. 2021;26(4):426-433.

[11] Gerotziafas GT, Catalano M, Colgan MP, Pecsvarady Z, 
Wautrecht JC, Fazeli B, et al. Guidance for the management 
of patients with vascular disease or cardiovascular risk 
factors and COVID-19: position paper from VAS-European 
Independent Foundation in Angiology/Vascular Medicine. 
Thromb Haemost. 2020;120(12):1597-1628.

[12] Suh YJ, Hong H, Ohana M, Bompard F, Revel MP, Valle C, 
Gervaise A, Poissy J, Susen S, Hékimian G, Artifoni M, Periard 
D, Contou D, Delaloye J, Sanchez B, Fang C, Garzillo G, Robbie 
H, Yoon SH. Pulmonary embolism and deep vein thrombosis in 
COVID-19: a systematic review and meta-analysis. Radiology. 
2021;298(2):70-80.

[13] Espallargas I, Rodríguez Sevilla JJ, Rodríguez Chiaradía DA, 
Salar A, Casamayor G, Villar-Garcia J, Rodó-Pin A, Marsico S, 
Carbullanca S, Ramal D, Del Carpio LA, Gayete Á, Maiques JM, 
Zuccarino F. CT imaging of pulmonary embolism in patients 
with COVID-19 pneumonia: a retrospective analysis. Eur 
Radiol. 2021;31(4):1915-1922.

[14] Freund Y, Drogrey M, Miró Ò, Marra A, Féral-Pierssens AL, 
Penaloza A, Hernandez BAL, Beaune S, Gorlicki J, Vaittinada 
Ayar P, Truchot J, Pena B, Aguirre A, Fémy F, Javaud N, Chauvin 
A, Chouihed T, Montassier E, Claret PG, Occelli C, Roussel M, 
Brigant F, Ellouze S, Le Borgne P, Laribi S, Simon T, Lucidarme 
O, Cachanado M, Bloom B; IMPROVING EMERGENCY 
CARE FHU Collaborators. Association between pulmonary 
embolism and COVID-19 in emergency department patients 
undergoing computed tomography pulmonary angiogram: the 
PEPCOV International Retrospective Study. Acad Emerg Med. 
2020;27(9):811-820.

[15] Hartnett KP, Kite-Powell A, DeVies J, Coletta MA, Boehmer TK, 
Adjemian J, Gundlapalli AV; National Syndromic Surveillance 
Program Community of Practice. Impact of the COVID-19 
pandemic on emergency department visits—United States, 
January 1, 2019–May 30, 2020. MMWR Morb Mortal Wkly 
Rep. 2020;69(23):699-704.

[16] Liao S-C, Shao S-C, Chen Y-T, Chen Y-C, Hung M-J. Incidence and 
mortality of pulmonary embolism in COVID-19: a systematic 
review and meta-analysis. Crit Care. 2020;24(1):464-464.


