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Abstract
Background: Since December 2019, when a new coronavirus disease 2019 (COVID-19) was detected in Wuhan, China, over 

774 million confirmed COVID-19 cases and over seven million deaths have been reported globally, as of 7 January 2024 (WHO, 
2024). Venous thromboembolism is a recognized complication of COVID-19. This study aimed to investigate the prevalence 
of pulmonary embolism (PE) diagnosed by CT pulmonary angiography (CTPA) in COVID-19 patients and the features of the 
associated factors. 

Methods and Results: The study included 162 patients from the Imam Abdulrahman Al-Faisal Hospital who had COVID-
19-confirmed infections while hospitalized in the ICU. Patients were diagnosed as COVID-19 positive by RT-PCR and underwent 
CTPA examination on the Discovery 16-slice CT scanner (Siemens, Germany) following standard protocol. For contrast 
enhancement, non-ionic, iodinated, intravenous contrast material (Omnipaque 350 mg) was used. 

PE was detected by CTPA in 87(53.7%) COVID-19 patients. The D-dimer level was significantly higher in the PE group 
than in the non-PE group. The frequency of renal impairment in the PE group was 2.3 times higher than in the non-PE group. 
The ICU duration was longer in the PE group than in non-PE group (12.9±11.3 and 8.6±7.2 days, P=0.005). The death rate was 
17.2% in the PE group and 1.3% in the non-PE group (P=0.001). The heart and respiratory rates, blood pressure, BMI, BUN, and 
creatinine levels did not differ in the study groups. The frequency of diabetes, hypertension, asthma, COPD, and smoking were 
comparable in the groups.

Conclusion: CTPA is very important in diagnosing PE in COVID-19 patients. CTPA-diagnosed PE is significantly associated 
with D-dimer, ICU duration, and death.(International Journal of Biomedicine. 2024;14(2):305-311.)
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Introduction
Since December 2019, when a new coronavirus disease 

2019 (COVID-19) was detected in Wuhan, China, over 774 
million confirmed COVID-19 cases and over seven million 
deaths have been reported globally, as of 7 January 2024.(1)  

Patients with SARS-CoV-2 infection can experience a 
range of clinical manifestations, from no symptoms to critical 
illness. Venous thromboembolism is a recognized complication 
of COVID-19. Many studies have reported a higher incidence 
of deep vein thrombosis and PE in COVID-19.(2-4) PE in 
COVID-19 has been found to be different from traditional 
PE in terms of demographic and clinical characteristics and 
laboratory data.(5)

SARS-CoV-2 infection could increase predisposition 
to venous and arterial thromboembolism due to excessive 
inflammation, hypoxia, immobilization, and diffuse 
intravascular coagulation.(6) SARS-CoV-2 infection with a 
wide thrombotic response has become a factor in a sudden 
surge in the incidence of PE the world over. Data from 
numerous meta-analyses also strongly indicate a higher 
incidence of PE in COVID-19 patients, especially in ICU 
settings.(7) In a Chinese study, Miesbach et al.(8) reported that 
up to 40% of patients developed PE chiefly localized in small 
pulmonary artery branches. In a French study, Poissy et al.(9) 
reported PE in 20.6% of the patients during their stay in the 
ICU, with a median time of 6 days. Another French study by 
Bompard et al.(10) reported a PE incidence of 50% in ICU, 
COVID-19 patients. 

CTPA, a gold standard,(11) should be performed on 
admission if PE is suspected, or if there is acute degradation 
of hemodynamic or respiratory status, or if the patient presents 
with minimal pulmonary infiltrates or signs of acute right 
ventricular overload.(12,13)

This study aimed to investigate the prevalence of PE 
diagnosed by CTPA in COVID-19 patients and the features of 
the associated factors. 

Materials and Methods
The study included 162 patients from the Imam 

Abdulrahman Al-Faisal Hospital who had COVID-19-
confirmed infections while hospitalized in the ICU. The baseline 
characteristics of COVID-19 patients are shown in Table 1. 

Patients admitted for treatment or isolation had to 
meet the following criteria: (a) positive SARS-CoV-2 RT-
PCR testing on pharyngeal swabs; (b) a thin-section chest 
CT scan indicating any signs of pneumonia; and (c) patients 
hospitalized for treatment or isolation. All patients were 
examined based on the World Health Organization’s interim 
recommendations for the clinical care of COVID-19 patients 
(WHO, 2022). 

All patients were identified via the electronic record 
system, and their demographic, clinical, and radiological 
data were extracted and reviewed. Patients were diagnosed 
as COVID-19 positive by RT-PCR and underwent CTPA 
examination on the Discovery 16-slice CT scanner (Siemens, 
Germany) following standard protocol. We used non-ionic, 
iodinated, intravenous contrast material (Omnipaque 350 mg) 
for contrast enhancement. CTPA images were double-reviewed 
by radiologists with more than 10 years of experience. If PE 
was detected in the CTPA, the location, distribution, size, and 
type were documented.(14)

Statistical analysis was performed using the statistical 
software package SPSS version 21.0 (SPSS Inc, Armonk, 
NY: IBM Corp). Baseline characteristics were summarized 
as frequencies and percentages for categorical variables and 
mean ± SD for continuous variables. For data with normal 
distribution, inter-group comparisons were performed using 
Student’s t-test. The frequencies of categorical variables were 
compared using a chi-squared test. A probability value of 
P<0.05 was considered statistically significant.

Results
The patients ranged in age from 18 to 92 years. The 

largest age group was 56-60 years (Table 2). The distribution 
of symptoms in COVID-19 patients is shown in Table 3. 

Patient 
group 

Age
 (years)

Height 
(cm)

Weight
 (kg)

BMI
(kg/m2)

HR
(bpm) 

RR
(bpm) 

Male 52.2±13
(18-92)

169.4±6
(150-188)

80.8±11
(52-119)

28.1±4
(18.1-37.5)

79.5±8
(22-100)

21.3±6
(17-78)

Female 50.8±15
(22-84)

161±7
(134-188)

78.4±15
(52-120)

30±5
(21.4-45.7)

81.4±12
(52-146)

21.1±2
(18-25)

Total 51.8±14
(18-92)

167±7
(134-188)

80.1±12
(52-120)

28.7±4
(18.4-45.7

80.1±9
(22-146)

21.2±5
(17 -78)

Table 1.
Baseline characteristics of COVID-19 patients.

Age group
 (year) N % Cumulative 

Percentage

<20 2 1.2 1.2

20-25 2 1.2 2.5

26-30 6 3.7 6.2

31-35 8 4.9 11.1

36-40 18 11.1 22.2

41-45 20 12.3 34.6

46-50 19 11.7 46.3

51-55 23 14.2 60.5

56-60 25 15.4 75.9

61-65 18 11.1 87.0

66-70 7 4.3 91.4

>70 14 8.6 100.0

Total 162 100.0

Table 2. 
Patient distribution by age group.
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PE was detected by CTPA in 87(53.7%) COVID-19 
patients. In general, the death rate was 9.87%, and the causes 
of death are presented in Table 4. Three images demonstrate 
features of COVID-19 on CT (Figures 1-3).

A comparison of the demographic and clinical 
characteristics of COVID-19 patients with PE and without PE 
is presented in Table 5. Mean levels of SBP and DBP were 
within the recommended values in both groups. The D-dimer 
level was significantly higher in the PE group than in the 
non-PE group (4.7±11.2 vs.1.8±2.8 µg/mL, P=0.031). The 
frequency of renal impairment in the PE group was 2.3 times 

higher than in the non-PE group (27.6% vs.12.0%, P=0.014). 
The ICU duration was longer in the PE group than in non-PE 
group (12.9±11.3 and 8.6±7.2 days, P=0.005). The death rate 
was 17.2% in the PE group and 1.3% in the non-PE group 
(P=0.001). The heart and respiratory rates, blood pressure, 
BMI, BUN, and creatinine levels did not differ in the study 
groups. The frequency of diabetes, hypertension, asthma, 
COPD, and smoking were comparable in the groups. 

Signs and symptoms N Percent

Fever 19 11.7%

Cough 11 6.8%

General symptoms 49 30.2%

General symptoms & pneumonia 30 18.5%

Breath shortness 39 24.1%

Sore throat 2 1.2%

Diarrhea 4 2.5%

Body pain 4 2.5%

Vomiting 2 1.2%

Others 1 0.6%

General symptoms & pneumonia
& other symptoms 1 0.6%

Total 162 100%

Table 3.
The distribution of symptoms in COVID-19 patients.

Causes of death among 162 COVID-19 patients N Percent
Irreversible cardiogenic shock 1 0.617
Metabolic acidosis 1 0.617
Irreversible shock/cardiac arrest 1 0.617
ARDS/septic shock 2 1.234
ARDS/septic shock/cardiac arrest 1 0.617
Septic shock/ARDS /AKI 1 0.617
ARDS/PE/septic shock 1 0.617
ARDS/respiratory failure 1 0.617
Metabolic acidosis/shock 1 0.617
Cardiovascular collapse/refractory hypoxia 1 0.617
ARDS /cardiogenic shock 1 0.617
Shock/metabolic acidosis/AKI/cardiac arrest 1 0.617
ARDS/septic shock/cardiac arrest/PE 1 0.617
Severe ARDS/shock/AKI/pneumothorax/PE 1 0.617
Chronic renal failure/septic shock 1 0.617
Total 16 9.872%

Table 4.
Causes of death.

Variable PE
(n= 87)

Non-PE
(n=75) P-value

Demographic data

Age, years 50.8±12.9 52.2±15.2 0.527

Sex               Female 30 (34.5%) 22 (29.3%)
0.485

                         Male 57 (65.5%) 53 (70.7%)

Nationality   Non-Saudi 56 (64.4%) 37 (49.3%)
0.054

                         Saudi 31 (35.6%) 38 (50.7%)

Height, cm 166.6±8.1 167±6.6 0.734

Weight, kg 78.6±12.7 81.2±13.5 0.209

BMI, kg/m2 28.3±4.3 29.0±3.8 0.277

Vital signs

SBP, mmHg 128±12 129±11 0.583

DBP, mmHg 77.8±5.8 78.7±6.0 0.334

HR, bpm 80±10.8 80±6.8 1.000

RR, bpm 21.5±6.4 20.9±2.2 0.441

History of risk factors

Diabetes Mellites 50 (57.5%) 33 (44.0%) 0.088

Hypertension 31 (35.6%) 30 (40.0%) 0.569

Asthma 11 (12.6%) 10 (13.3%) 0.897

COPD 1 (1.1%) 0.0(0.0%) 0.353

Smoking 2 (2.3%) 1 (1.3%) 0.813

Laboratory investigations

D-dimer, µg/mL 4.7±11.2 1.8±2.8 0.031

BUN, mg/dL 8.2±8.4 7.1±4.0 0.301

Creatinine, µmol/L 73.6±28.9 79.2±43.2 0.328

AKI, n % 24 (27.6%) 9 (12.0%) 0.014

Outcomes

ICU duration, days 12.9±11.3 8.6±7.2 0.005

Death 15 (17.2%) 1 (1.3%) 0.001

Table 5.
Demographic and clinical characteristics of the studied groups.
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Discussion
Pulmonary embolism is highly associated with 

COVID-19 disease and should be further explored and 
characterized for each patient.(15) Our study detected PE, 
diagnosed by CTPA, in 87(53.7%) COVID-19 patients. 
This result is much higher than that of Kyriakopoulos et 
al.(16) in Greece (6%). In a study by Abohamr et al.,(17) the 
incidence of acute PE was 22% [95% confidence interval 
(95% CI): 19%-39%], detected by chest CT. Overall, a 
higher prevalence of PE can be assumed among COVID-19 
patients in Saudi Arabia. This study examined a wide range 
of variables associated with PE in patients with COVID-19. 
Regarding the gender of patients in this study population, 
males were more affected by COVID-19 than females, which 

agrees with a study by Abohamr et al.(17) from Saudi Arabia 
and Espallargas et al.(18) from Spain. This might be attributed 
to a higher probability of contact and exposure to sources of 
SARS-CoV-2 virus due to the nature of work among male 
rather than female patients.  

Among factors predisposing to increased mortality with 
COVID-19 infection, male sex, hypertension, obesity, and 
increasing age are most important, but multiple studies have 
shown that excess weight is also significantly associated with 
severe COVID-19 disease.(19) The body mass index (BMI) 
of 28.7±4.0 kg/m2 of participants in our research, which 
corresponds to the overweight range according to NHLBI 
(2022),(20) was found to be close to the mean BMI of 30.8 kg/m2, 
which is within the obese range found in a US study of 20,736 
COVID-19 patients.(21)

By analyzing the relationship between known 
risk factors for poor prognosis in COVID-19 and the 
development of PE, we found that COVID-19 patients with 
PE were characterized by significantly higher D-dimer 
level and ICU duration than non-PE patients [4.7±11.2 
vs.1.8±12.8 µg/mL (P=0.031), 12.9±11.3 vs. 8.6±7.2 days 
(P=0.005), respectively]. Abohamr et al.(17) found that 
COVID-19 patients with PE had significantly higher levels 
of D-dimer, C-reactive protein, cardiac troponin, and lactate 
dehydrogenase than those in patients without PE. In a study 
by Mouhat,(22) elevated D-dimers  (>2590 ng/mL) and the 
absence of anticoagulant therapy predicted PE in hospitalized 
COVID-19 patients with clinical signs of severity. D-dimers 
≥2000 ng/mL (26.3 [4.1–537.8]) and neutrophils ≥7.0 g/L 
(5.8 [1.4–29.5]) were two biomarkers associated with a 
higher risk of PE (P=0.0002) and death or intensive care unit 
(ICU) transfer (HR [95%CI], 12.9 [2.5–67.8], P<0.01)  in a 
study by Thoreau et al.(23) According to Kaminetzky et al.,(24) 
the D-dimer level can be used to stratify patients according 
to PE risk and severity.

The relationships we found between CTPA-diagnosed 
PE and studied parameters in our study were consistent with 
the results of a number of studies. Bompard et al.(10) showed 
that patients with PE were more frequently hospitalized in the 
ICU and more frequently under mechanical ventilation, with 
a longer median (IQR) hospitalization duration (15(9–17) vs. 
8(4–12) days [P=0.04] in the PE-negative patients).  

In our study, high levels of blood D-dimer, and ICU 
duration in PE patients were accompanied by more than 13 
times higher mortality: 17.2% in the PE group and 1.3% in the 
non-PE group (P=0.001). Causes of death were irreversible 
cardiogenic shock, acute kidney injury, metabolic acidosis, 
large PE, respiratory failure, acute respiratory distress 
syndrome, septic shock, cardiovascular collapse, refractory 
hypoxia, and right-side pneumothorax. These causes of 
death were in accordance with data from Menter et al.(25) and 
Elezkurtaj et al.(26) Moreover, PE, in the study of  Elezkurtaj et 
al.,(26) was the cause of death in 3.8% of cases.

As is known,  comorbidities complicate the prognosis 
of COVID-19 patients. In our study, diabetes, identified in 
57.5% of COVID-19 patients with PE and 44.0% of non-PE 
patients, was the most prevalent comorbidity, followed by 
hypertension. The high incidence of diabetes in our study is 

Fig.1. A 22-year-old Saudi female patient. 
Bilateral patchy consolidated opacities at 
the lower lobes.

Fig.2. A 65-year-old non-Saudi male 
patient. Bilateral ground glass opacity, the 
middle and lower consolidation.

Fig.3. A 31-year-old non-Saudi male 
patient. Crazy paving (red arrow) and areas 
of consolidation (blue arrow)
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explained by the high incidence of diabetes in the country. 
According to the International Diabetes Federation,(27) 17.7% 
of Saudi Arabia’s adult population suffers from diabetes, 
which is the second highest diabetes prevalence in the region 
and seventh worldwide.

Hypertension is also the most common comorbidity in 
COVID-19 patients and increases in-hospital mortality. Blood 
pressure (BP) variability is associated with clinical outcomes 
in hypertensive patients. A study by He et al.(28) included 702 
COVID-19 patients with hypertension from Huoshenshan 
Hospital (Wuhan, China). The authors demonstrated that 
day-by-day in-hospital systolic blood pressure variability can 
independently predict mortality and acute respiratory distress 
syndrome  in COVID-19 patients with hypertension. In our 
study, the frequency of hypertension in the PE and non-PE 
groups was 35.6% and 40.0%, respectively, without statistical 
significance. However, mean levels of systolic blood pressure 
and diastolic blood pressure were within the recommended 
values in PE and non-PE patients. The heart and respiratory 
rates did not differ in the study groups. 

Early reports indicate that acute kidney injury is 
common among patients with COVID-19 and is associated 
with worse outcomes and high mortality. In a study by Chan 
et al.,(29) of 3993 hospitalized patients with COVID-19, acute 
kidney injury occurred in 1835(46%) patients; 347(19%) of 
the patients with acute kidney injury required dialysis. In our 
study, renal impairment was found in 27.6% of COVID-19 
patients with PE and only 12.0% of non-PE patients 
(P=0.014).

Compared to factors predisposing to increased 
mortality with COVID-19 infection, such as male sex, 
hypertension, obesity, and increasing age, airway diseases 
gave some contradictory results. Finnerty et al.,(30) in a 
systematic global review and meta-analysis, showed that for 
asthma and COPD, prevalence in patients hospitalized with 
COVID-19 varies markedly by region. The authors found no 
evidence that asthma predisposes one to increased mortality 
in COVID-19 disease. For COPD, there was clear evidence 
of an association with increased mortality. In our study, the 
prevalence of asthma and COPD was 12.6% and 1.1% in the 
PE group and 13.3% and 0% in the non-PE group, and no 
differences were found.

Conclusion 
CT pulmonary angiography (CTPA) is very important 

in diagnosing PE in COVID-19 patients. CTPA-diagnosed 
PE is significantly associated with D-dimer, ICU duration, 
and death. The specified parameters, such as D-dimer levels 
in COVID-19 patients, as well as ICU duration, can be 
recommended as indicators or predictors of the development 
of PE in circumstances where immediate CT is unavailable.

Ethical Considerations
The study was conducted in accordance with ethical 

principles of the WMA Declaration of Helsinki (1964, ed. 

2013) and was approved by the King Saud Medical City’s 
institutional review board.

Competing Interests
The authors declare that they have no competing 

interests.

References
1. WHO: COVID-19 epidemiological update – 19 January 
2024Available from: https://www.who.int/publications/m/
item/covid-19-epidemiological-update---19-january-2024
2. Yousaf M, Thomas MM, Almughalles S, Hameed 
MA, Alharafsheh A, Varikkodan I, Waseem A, Babikir 
M, Chengamaraju D, Khatib MY. Pulmonary embolism 
in COVID-19, risk factors and association with 
inflammatory biomarkers. Medicine (Baltimore). 2023 Feb 
17;102(7):e32887. doi: 10.1097/MD.0000000000032887. 
PMID: 36800623; PMCID: PMC9936004.
3. Xiong X, Chi J, Gao Q. Prevalence and risk factors of 
thrombotic events on patients with COVID-19: a systematic 
review and meta-analysis. Thromb J. 2021 May 19;19(1):32. 
doi: 10.1186/s12959-021-00284-9. PMID: 34011381; 
PMCID: PMC8132033.
4. Bilaloglu S, Aphinyanaphongs Y, Jones S, Iturrate E, 
Hochman J, Berger JS. Thrombosis in Hospitalized Patients 
With COVID-19 in a New York City Health System. JAMA. 
2020 Aug 25;324(8):799-801. doi: 10.1001/jama.2020.13372. 
PMID: 32702090; PMCID: PMC7372509.
5. Fauvel C, Weizman O, Trimaille A, Mika D, Pommier T, 
Pace N, Douair A, Barbin E, Fraix A, Bouchot O, Benmansour 
O, Godeau G, Mecheri Y, Lebourdon R, Yvorel C, Massin M, 
Leblon T, Chabbi C, Cugney E, Benabou L, Aubry M, Chan 
C, Boufoula I, Barnaud C, Bothorel L, Duceau B, Sutter W, 
Waldmann V, Bonnet G, Cohen A, Pezel T; Critical Covid-19 
France Investigators. Pulmonary embolism in COVID-19 
patients: a French multicentre cohort study. Eur Heart J. 2020 
Jul 1;41(32):3058-3068. doi: 10.1093/eurheartj/ehaa500. 
PMID: 32656565; PMCID: PMC7528952.
6. Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, 
Gommers DAMPJ, Kant KM, Kaptein FHJ, van Paassen 
J, Stals MAM, Huisman MV, Endeman H. Incidence of 
thrombotic complications in critically ill ICU patients 
with COVID-19. Thromb Res. 2020 Jul;191:145-147. doi: 
10.1016/j.thromres.2020.04.013. Epub 2020 Apr 10. PMID: 
32291094; PMCID: PMC7146714.
7. Akhter MS, Hamali HA, Mobarki AA, Rashid H, 
Oldenburg J, Biswas A. SARS-CoV-2 Infection: Modulator 
of Pulmonary Embolism Paradigm. J Clin Med. 2021 Mar 
4;10(5):1064. doi: 10.3390/jcm10051064. PMID: 33806540; 
PMCID: PMC7961449.

*Corresponding author: Prof. Abdelmoneim A. Sulieman, 
Radiological Sciences College of Applied Medical Sciences - Al 
Ahsa, King Saud bin Abdulaziz University for Health Sciences, Al-
Ahsa, KSA. E-mail: abdelmoneim_a@yahoo.com



310                                        A. I. Haidar et al. / International Journal of Biomedicine 14(2) (2024) 305-311

8. Miesbach W, Makris M. COVID-19: Coagulopathy, Risk 
of Thrombosis, and the Rationale for Anticoagulation. Clin 
Appl Thromb Hemost. 2020 Jan-Dec;26:1076029620938149. 
doi: 10.1177/1076029620938149. PMID: 32677459; PMCID: 
PMC7370334.
9. Poissy J, Goutay J, Caplan M, Parmentier E, Duburcq T, 
Lassalle F, Jeanpierre E, Rauch A, Labreuche J, Susen S; Lille 
ICU Haemostasis COVID-19 Group. Pulmonary Embolism 
in Patients With COVID-19: Awareness of an Increased 
Prevalence. Circulation. 2020 Jul 14;142(2):184-186. doi: 
10.1161/CIRCULATIONAHA.120.047430. Epub 2020 Apr 
24. PMID: 32330083.
10. Bompard F, Monnier H, Saab I, Tordjman M, Abdoul 
H, Fournier L, Sanchez O, Lorut C, Chassagnon G, Revel 
MP. Pulmonary embolism in patients with COVID-19 
pneumonia. Eur Respir J. 2020 Jul 30;56(1):2001365. doi: 
10.1183/13993003.01365-2020. PMID: 32398297; PMCID: 
PMC7236820.
11. Righini M, Robert-Ebadi H. Diagnosis of acute Pulmonary 
Embolism. Hamostaseologie. 2018 Feb;38(1):11-21. English. 
doi: 10.5482/HAMO-17-07-0023. Epub 2018 Feb 26. PMID: 
29536476.
12. Adams E, Broce M, Mousa A. Proposed Algorithm for 
Treatment of Pulmonary Embolism in COVID-19 Patients. 
Ann Vasc Surg. 2021 Jan;70:282-285. doi: 10.1016/j.
avsg.2020.08.088. Epub 2020 Sep 4. PMID: 32891745; 
PMCID: PMC7471764.
13. Rosovsky RP, Grodzin C, Channick R, Davis GA, Giri 
JS, Horowitz J, Kabrhel C, Lookstein R, Merli G, Morris 
TA, Rivera-Lebron B, Tapson V, Todoran TM, Weinberg AS, 
Rosenfield K; PERT Consortium. Diagnosis and Treatment 
of Pulmonary Embolism During the Coronavirus Disease 
2019 Pandemic: A Position Paper From the National PERT 
Consortium. Chest. 2020 Dec;158(6):2590-2601. doi: 
10.1016/j.chest.2020.08.2064. Epub 2020 Aug 27. PMID: 
32861692; PMCID: PMC7450258.
14. Wong KT, Antonio GE, Hui DS, Lee N, Yuen EH, Wu 
A, Leung CB, Rainer TH, Cameron P, Chung SS, Sung JJ, 
Ahuja AT. Thin-section CT of severe acute respiratory 
syndrome: evaluation of 73 patients exposed to or with the 
disease. Radiology. 2003 Aug;228(2):395-400. doi: 10.1148/
radiol.2283030541. Epub 2003 May 8. PMID: 12738877.
15. Benzakoun J, Hmeydia G, Delabarde T, Hamza L, Meder 
JF, Ludes B, Mebazaa A. Excess out-of-hospital deaths during 
the COVID-19 outbreak: evidence of pulmonary embolism as 
a main determinant. Eur J Heart Fail. 2020 Jun;22(6):1046-
1047. doi: 10.1002/ejhf.1916. Epub 2020 Jun 29. PMID: 
32463538; PMCID: PMC7283748.
16. Kyriakopoulos C, Gogali A, Exarchos K, Potonos D, 
Tatsis K, Apollonatou V, Loukides S, Papiris S, Sigala I, 
Katsaounou P, Aggelidis M, Fouka E, Porpodis K, Kontakiotis 
T, Sampsonas F, Karampitsakos T, Tzouvelekis A, Bibaki E, 
Karagiannis K, Antoniou K, Tzanakis N, Dimeas I, Daniil 
Z, Gourgoulianis K, Kouratzi M, Steiropoulos P, Antonakis 
E, Papanikolaou IC, Ntritsos G, Kostikas K. Reduction in 
Hospitalizations for Respiratory Diseases during the First 
COVID-19 Wave in Greece. Respiration. 2021;100(7):588-
593. doi: 10.1159/000515323. Epub 2021 Apr 7. PMID: 
33827103; PMCID: PMC8089411.

17. Abohamr SI, Aldossari MA, Amer HA, Saadeddin HM, 
Abulhamid SW, Bhat FA, Elsheikh E. The Incidence of Acute 
Pulmonary Embolism with COVID-19 Pneumonia in Saudi 
Arabia: A Retrospective Single-Center Study. J Saudi Heart 
Assoc. 2020 May 6;33(2):128-134. doi: 10.37616/2212-
5043.1253. PMID: 34183909; PMCID: PMC8143725.
18. 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 Apr;31(4):1915-
1922. doi: 10.1007/s00330-020-07300-y. Epub 2020 Sep 22. 
PMID: 32964337; PMCID: PMC7508235.
19. Yu W, Rohli KE, Yang S, Jia P. Impact of obesity 
on COVID-19 patients. J Diabetes Complications. 2021 
Mar;35(3):107817. doi: 10.1016/j.jdiacomp.2020.107817. 
Epub 2020 Nov 26. PMID: 33358523; PMCID: PMC7690270.
20. NHLBI. Calculate Your Body Mass Index. Available 
from: https://www.nhlbi.nih.gov/health/educational/lose_wt/
BMI/bmi-m.htm
21. Roth GA, Emmons-Bell S, Alger HM, Bradley SM, Das 
SR, de Lemos JA, Gakidou E, Elkind MSV, Hay S, Hall JL, 
Johnson CO, Morrow DA, Rodriguez F, Rutan C, Shakil S, 
Sorensen R, Stevens L, Wang TY, Walchok J, Williams J, 
Murray C. Trends in Patient Characteristics and COVID-19 In-
Hospital Mortality in the United States During the COVID-19 
Pandemic. JAMA Netw Open. 2021 May 3;4(5):e218828. 
doi: 10.1001/jamanetworkopen.2021.8828. PMID: 33938933; 
PMCID: PMC8094014.
22. Mouhat B, Besutti M, Bouiller K, Grillet F, Monnin C, 
Ecarnot F, Behr J, Capellier G, Soumagne T, Pili-Floury S, Besch 
G, Mourey G, Lepiller Q, Chirouze C, Schiele F, Chopard R, 
Meneveau N. Elevated D-dimers and lack of anticoagulation 
predict PE in severe COVID-19 patients. Eur Respir J. 2020 
Oct 22;56(4):2001811. doi: 10.1183/13993003.01811-2020. 
PMID: 32907890; PMCID: PMC7487272.
23. Thoreau B, Galland J, Delrue M, Neuwirth M, Stepanian 
A, Chauvin A, Dellal A, Nallet O, Roriz M, Devaux M, 
London J, Martin-Lecamp G, Froissart A, Arab N, Ferron 
B, Groff MH, Queyrel V, Lorut C, Regard L, Berthoux E, 
Bayer G, Comarmond C, Lioger B, Mekinian A, Szwebel 
TA, Sené T, Amador-Borrero B, Mangin O, Sellier PO, 
Siguret V, Mouly S, Kevorkian JP, Lariboisière Covid Group, 
Vodovar D, Sene D. D-Dimer Level and Neutrophils Count 
as Predictive and Prognostic Factors of Pulmonary Embolism 
in Severe Non-ICU COVID-19 Patients. Viruses. 2021 Apr 
26;13(5):758. doi: 10.3390/v13050758. PMID: 33926038; 
PMCID: PMC8146364.
24. Kaminetzky M, Moore W, Fansiwala K, Babb JS, 
Kaminetzky D, Horwitz LI, McGuinness G, Knoll A, Ko 
JP. Pulmonary Embolism at CT Pulmonary Angiography in 
Patients with COVID-19. Radiol Cardiothorac Imaging. 2020 
Jul 2;2(4):e200308. doi: 10.1148/ryct.2020200308. PMID: 
33778610; PMCID: PMC7336753.
25. Menter T, Haslbauer JD, Nienhold R, Savic S, Hopfer H, 
Deigendesch N, Frank S, Turek D, Willi N, Pargger H, Bassetti 
S, Leuppi JD, Cathomas G, Tolnay M, Mertz KD, Tzankov 
A. Postmortem examination of COVID-19 patients reveals 



311A. I. Haidar et al. / International Journal of Biomedicine 14(2) (2024) 305-311

diffuse alveolar damage with severe capillary congestion 
and variegated findings in lungs and other organs suggesting 
vascular dysfunction. Histopathology. 2020 Aug;77(2):198-
209. doi: 10.1111/his.14134. Epub 2020 Jul 5. PMID: 
32364264; PMCID: PMC7496150.
26. Elezkurtaj S, Greuel S, Ihlow J, Michaelis EG, Bischoff 
P, Kunze CA, Sinn BV, Gerhold M, Hauptmann K, Ingold-
Heppner B, Miller F, Herbst H, Corman VM, Martin H, 
Radbruch H, Heppner FL, Horst D. Causes of death and 
comorbidities in hospitalized patients with COVID-19. Sci 
Rep. 2021 Feb 19;11(1):4263. doi: 10.1038/s41598-021-
82862-5. PMID: 33608563; PMCID: PMC7895917.
27. IDF Diabetes Atlas 2021. Available from: https://
diabetesatlas.org/atlas/tenth-edition/
28. He C, Liu C, Yang J, Tan H, Ding X, Gao X, Yang Y, 
Shen Y, Xiang H, Ke J, Yuan F, Chen R, Cheng R, Lv H, Li 
P, Zhang L, Huang L. Prognostic significance of day-by-day 
in-hospital blood pressure variability in COVID-19 patients 
with hypertension. J Clin Hypertens (Greenwich). 2022 

Mar;24(3):224-233. doi: 10.1111/jch.14437. Epub 2022 Feb 
7. PMID: 35293689; PMCID: PMC8925012.
29. Chan L, Chaudhary K, Saha A, Chauhan K, Vaid A, 
Zhao S, Paranjpe I, Somani S, Richter F, Miotto R, Lala 
A, Kia A, Timsina P, Li L, Freeman R, Chen R, Narula J, 
Just AC, Horowitz C, Fayad Z, Cordon-Cardo C, Schadt E, 
Levin MA, Reich DL, Fuster V, Murphy B, He JC, Charney 
AW, Böttinger EP, Glicksberg BS, Coca SG, Nadkarni GN; 
on behalf of the Mount Sinai COVID Informatics Center 
(MSCIC). AKI in Hospitalized Patients with COVID-19. 
J Am Soc Nephrol. 2021 Jan;32(1):151-160. doi: 10.1681/
ASN.2020050615. Epub 2020 Sep 3. PMID: 32883700; 
PMCID: PMC7894657.
30. Finnerty JP, Hussain ABMA, Ponnuswamy A, Kamil HG, 
Abdelaziz A. Asthma and COPD as co-morbidities in patients 
hospitalised with Covid-19 disease: a global systematic review 
and meta-analysis. BMC Pulm Med. 2023 Nov 22;23(1):462. 
doi: 10.1186/s12890-023-02761-5. PMID: 37993829; 
PMCID: PMC10664669.


