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ABSTRACT

 )VTE( الأهداف: تلخيص الحالات المنشورة عن الانصمام الخثاري الوريدي
في مرضى COVID 19 ووصف عملية التشخيص، والخصائص السريرية، 

ونتائج الفحوصات. 

الدراسات ذات  الرئيسية عن  البيانات  البحث في جميع قواعد  المنهجية: تم 
العلاقة و المنشورة بين 1 ديسمبر 2019م و5 مايو 2021م.

النتائج: تم تحديد ما مجموعه 233 مقالة. تم تضمين 22 مقالًا فقط، تصف 
48 مريضاً. %79.1 من المرضى كانوا مصابين بالانصمام الرئوي و20.9% 
فقط أصيبوا بجلطات الأوردة العميقة. كان معظم المرضى من الذكور بمتوسط 
عمر 56 عامًا. كانت الأمراض المزمنة موجودة في %70.8 من المرضى، بينما 
%85.4 منهم لديه على الأقل أحد عوامل خطر الإصابة بالانصمام الخثاري 
الوريدي. %56.3 من المرضى تلقوا علاج مسبق لمنع تخثر الدم. المضاعفات 
أِثناء الإقامة في المستشفى ظهرت في %27.1. معظم المرضى )80.4%( 

تماثلوا للشفاء. 

الخلاصة: يجب أن يبقى مؤشر الشك في احتمالية حدوث الانصمام الخثاري 
الحالات  وفي  للتخثر  المضادة  الأدوية  أخذ  مع  عالياً حتى   )VTE( الوريدي
مزمنة  أمراض  من  يعانون  والذين  السن  وكبار  الذكور  عند  خاصة  المستقرة، 

ومستويات D-dimer عالية.

Objectives: To summarize cases of venous 
thromboembolism (VTE), including pulmonary 
embolism (PE) and deep vein thrombosis (DVT) 
among coronavirus disease (COVID-19) patients and 
discuss their symptoms, diagnostic method, clinical 
features, and prognosis.

Methods: All major databases were searched for 
relevant studies published between December 1, 2019 
and May 5, 2021.

Results: A total of 233 articles were identified, 22 
describing 48 patients were included. A total of 79.1% 
had PE and 20.9% had DVT. Most patients were men, 
with a mean age of 56 years.  Comorbidities were present 
in 70.8%, and 85.4% had at least one risk factor of 
VTE. 56.3% had received anticoagulation therapy. 
Most patients were treated in the general ward. 

Systematic Review

Complications occurred in 27.1% of the patients, and 
recovery was achieved in 80.4%.

Conclusion: Venous thromboembolism must be 
suspected even in patients who had received prior 
anticoagulant regimens or in stable cases, especially 
in males, the elderly, and patients with comorbidities 
and high D-dimer levels.

Keywords: COVID-19, VTE, PE, DVT, 
hypercoagulability, pulmonary embolism, deep 
venous
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Coronavirus disease (COVID-19) is a condition 
induced by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2). The clinical 
characterization of COVID-19 varies widely, ranging 
from symptomless to life-threatening illnesses.1

Coronavirus disease is linked to a serious illness 
course in approximately 23% of infected people and 
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death in approximately 6% of those affected. Individuals 
with comorbidities and clinical symptoms related to 
COVID-19 severity should be regularly evaluated, and 
high-risk groups should be the focus of preventative 
efforts.2 Inflammation and coagulation malfunction 
were found to be risk factors for a complicated 
disease course.3 Pulmonary embolism (PE) and deep 
veinous thrombosis (DVT) are examples of venous 
thromboembolism (VTE), which has been addressed 
frequently as a common cardiovascular complication 
among patients with COVID-19. However, higher 
levels of thrombotic markers have been discovered to be 
linked to poor clinical outcomes.4

A recently published meta-analysis5 revealed that 
the combined incidence rates of VTE, PE, and DVT 
in hospitalized COVID-19 patients were 21%, 15%, 
and 27%, accordingly. These rates were higher among 
patients in the intensive care unit (ICU), and the 
findings suggest that anticoagulant use was not related 
to a reduced risk of mortality. Thus, evaluation of the 
prophylactic and therapeutic anticoagulation roles 
of COVID-19 is required.5 Another meta-analysis of 
1,988 patients revealed a significant prevalence rate of 
thromboembolic disorders among COVID-19 patients. 
In these patients, the prevalence rates of VTE  was 
31.3%, DVT was 19.8%, and PE  was 18.9%. This 
highlights the importance of appropriate screening 
methods and antithrombotic implantation to avoid 
fatal and severe consequences.6

The intrinsic pathophysiology of COVID-19-
associated hypercoagulability and coagulation disorders 
is not fully understood. However, several hypotheses have 
been proposed to explain possible pathophysiological 
mechanisms, including receptor binding, complement 
activation, cytokine storm, and direct viral endothelial 
damage.7,8

The purpose of this meta-case summary is to review 
and summarize published cases of VTE, either PE or 
DVT, in patients with COVID-19 and to discuss their 
symptoms, diagnostic method, clinical features, and 
prognosis. Also, to shed light on different management 
practices for VTE.

Methods. We carried out a search on major data 
bases such as Web of Science, PubMed, Medline, 
and Scopus to identify all relevant articles published 

between December 1, 2019, and May 5, 2021. The 
search algorithms were “COVID” or “coronavirus” 
or ‘SARS-CoV-2” and “venous thromboembolism 
(VTE)” or “pulmonary embolism (PE)” or “deep vein 
thrombosis (DVT)”. The search was not limited by 
publication date or language. 

Clinical studies with the following criteria were 
considered for inclusion were patient with confirmed 
diagnosis of COVID-19 and VTE has been detected. 
There were no limits on the type of publication, both 
case reports and case series were included. Studies that 
did not report cases of VTE, DVT, or PE, and animal 
studies were excluded. Two researchers independently 
screened titles and abstracts, and any inconsistencies 
were resolved by a discussion. The data was obtained 
into a standard format, that included: patient features, 
duration and severity of coronavirus infection, type, 
and symptoms of VTE, investigations, management, 
and prognosis. The studies were classified according 
to the type of VTE treatment and the severity of the 
coronavirus infection. The qualities of the studies were 
assessed using the Newcastle-Ottawa scale, a validated 
measure for case reports and case series.

Statistical analysis. Findings are summarized in 
tables and in a meta-summary. Flowcharts of the 
included studies are presented in diagrams and in a 
summary of pooled VTE cases. In the meta-summary, 
patients with verified VTE cases were presented in 
compared to patients with potential instances of the 
disease. Frequency and percentage are used to present 
categorical variables. Mean, standard deviation (SD), 
median and interquartile range were used to represent 
the continuous variables. Statistical analysis carried out 
using Statistical Package for Social Sciences, version 
25.0. (IBM Corp. Armonk, NY).

Results. During the search, 233 articles were 
identified. The 208 articles were eliminated according 
to their titles and abstracts. Three full-text articles 
were eliminated due to a lack of VTE description in 
the remaining 25 publications. Thus, 22 studies9-30 
representing 48 cases were included in the meta-
summary. Fourteen studies were carried out in the 
United States,9,10,15-19,21-24,28-30 7 in Europe,11-14,20,25,26 and 
one was carried out in the United Arab Emirates.27 Of 
the studies, 12 were case reports and 10 were case series. 
Figure 1 illustrates an overview of the article selection 
process.

The features of the published cases of COVID-19-
associated VTE are presented in Table 1. The patients 
varied in age from 20 to 92, with a mean of 56 years. 
Males accounted for 70.8% of the total number 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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of patients. The following were the most prevalent 
comorbidities: hypertension (39.6%), diabetes mellitus 
(27.1%), and dyslipidemia (22.9%). Most patients 
presented with risk factors of VTE, such as advanced 
age (79.2%), overweight/obesity (12.5%), and prior 
VTE events (6.2%).

Coronavirus disease-19 was most associated with the 
following symptoms: fever (60.4%), cough (60.4%), 
shortness of breath (50%), fatigue (18.8%), myalgia 
(18.8%), headache (12.5%,), diarrhea (12.5%), and 
chest pain (10.4%). Other reported symptoms included 
chills, nose congestion, nausea or vomiting, sore throat, 
and loss of taste or smell.

Of the 48 patients, 79.1% had confirmed cases of PE, 
and 68.4% were males. The most common presenting 
symptoms of PE were dyspnea (62.5%) and chest pain 
(18.8%), whereas the most common signs were hypoxia 
(18.8%) and tachycardia (4.2%). The remaining 10 
patients (20.9%) were confirmed to have DVT, most of 
whom were men (80%). The most common presenting 
symptoms of DVT were unilateral swelling of the lower 
extremity (8.3%) and leg pain or tenderness (6.2%). 
Only 3 patients developed PE after DVT diagnosis.

Of the 48 patients with confirmed COVID-19 
infection, 15 were treated with hydroxychloroquine; 6, 
azithromycin; 5, steroids (dexamethasone); 5, cefepime; 
5, convulsant plasma; 4, amoxicillin clavulanate; 3, 
linezolid; and 2, oseltamivir.

Most patients were treated in the general ward, with 
a mean length of hospital admission of 4.90±4.45 days. 
Only 20.8% of the patients were transferred to the ICU. 
The average duration of ICU admission was 3.3±8.25 
days. Recovery or hospital discharge was achieved in 
80.4% of patients with COVID-19, whereas 19.6% 
died.

The investigation results and imaging characteristics 
of the confirmed cases of COVID-19-associated VTE 
are presented in Table 2. D-dimer levels were found to 
be increased in 78.9% of patients with PE and 90% of 
those with DVT. Troponin levels (troponins I or T) were 
found to be high in 13% of the patients. The N-terminal 
pro-B-type natriuretic peptide (NT-pro-BNP) level was 
underreported and raised in 7% of the patients. In most 
patients, other inflammatory indicators such as white 
cell count, ferritin, and C-reactive protein levels were 
raised.

Chest radiography was performed for most of the 
patients, of whom 52.1% had signs of pneumonia, such 
as consolidation, ground-glass opacities, and infiltration. 
Echocardiography results were reported in only 11 
patients, 10 of whom had abnormalities consistent 
with moderate to severe pulmonary embolism. Features 
included dilated right ventricle, systolic septal flattening, 
hypercontractile apex, and right ventricle dysfunction. 
An electrocardiography result was reported in only 4 
patients, most of whom had a normal sinus rhythm.

The diagnosis of PE was confirmed using computed 
tomography (CT) and pulmonary angiography (CTPA), 
while the diagnosis of DVT was confirmed with duplex 
ultrasonography, compression ultrasonography (CUS), 
or CT venography in most cases. The most common 
CTPA finding was bilateral PE, followed by right- and 
then left-sided pulmonary embolism.

The types of anticoagulants used to treat the 
confirmed cases of COVID-19-associated VTE are 
presented in Table 3. Of the 48 patients, 56.3% had 
received anticoagulant therapy prior to VTE diagnosis 
(either for the treatment of a preexisting medical 
condition or as a prophylaxis during hospitalization). 
Of the patients, 51.9% were taking low-molecular-
weight heparins (LMWHs) such as nadroparin and 
enoxaparin, 25.9% were taking heparin, and 22.2% 
were taking novel oral anticoagulants (NOACs) such as 
apixaban and rivaroxaban. During hospital admission, 
after VTE diagnosis, the most used medications were 
LMWHs (62.5%), intravenous heparin (22.9%), tissue 
plasminogen activators (14.6%), NOACs (10.4%), 
and venoarterial extracorporeal membrane oxygenation 
(4.2%). Upon discharge, NOACs and LMWHs 
were prescribed to 58.3% and 18.8% of the patients, 

Figure 1 -	Flow chart of study selection.
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Table 1 - Characteristics of published cases of coronavirus associated venous thromboembolism (N=48).

Variable Valid= 
(n/48) n (%) Confirmed PE 

(n=38)
Confirmed DVT 

(n=10) P-value

Age (years)** 48 56±17.17 56±16.90 58.00±19.07 0.796
Male 48 34 (70.8) 26 (68.4) 8 (80.0) 0.745
Presenting symptoms of COVID-19  45

Fever 29 (60.4) 24 (63.2) 5 (50.0) 0.694
Chills 3 (6.2) 2 (5.3) 1 (10.0) 1.000
Cough 29 (60.4) 26 (68.4) 3 (30.0) 0.065
SOB, dyspnoea 24 (50.0) 22 (57.9) 2 (20.0) 0.076
Fatigue, malaise 9 (18.8) 7 (18.4) 2 (20.0) 1.000
Myalgia 9 (18.8) 6 (15.8) 3 (30.0) 0.569
Headache 6 (12.5) 5 (13.2) 1 (10.0) 1.000
New loss of taste or smell (anosmia) 1 (2.1) 1 (2.6) 0 (0.0) 1.000
Nausea or vomiting 2 (4.2) 2 (5.3) 0 (0.0) 1.000
Diarrhea 6 (12.5) 5 (13.2) 1 (10.0) 1.000
Chest pain (pleuritic pain) 5 (10.4) 4 (10.5) 1 (10.0) 1.000

Presenting symptoms/signs of PE 38
Chest pain 9 (18.8) 8 (21.1) 1 (10.0) 0.733
Tachycardia 2 (4.2) 1 (2.6) 1 (10.0) 0.882
Shortness of breath (dyspnea) 30 (62.5) 27 (71.1) 3 (30.0) 0.044
Hypoxia (O2 saturation <90%) 9 (18.8) 9 (23.7) 0 (0.0) 0.211

Presenting symptoms of DVT 9
Unilateral erythematous swelling of the lower extremity 4 (8.3) 1 (2.6) 3 (30.0) 0.032
Leg pain or tenderness of the thigh or calf 3 (6.2) 0 (0.0) 3 (30.0) 0.006

Comorbidities 34
Diabetes mellitus 13 (27.1) 10 (26.3) 3 (30.0) 1.000
Hypertension 19 (39.6) 14 (36.8) 5 (50.0) 0.694
Dyslipidemia 11 (22.9) 8 (21.1) 3 (30.0) 0.86
Asthma 6 (12.5) 6 (15.8) 0 (0.0) 0.42
Atrial fibrillation 5 (10.4) 3 (7.9) 2 (20.0) 0.594
Coronary artery disease 4 (8.3) 1 (2.6) 3 (30.0) 0.032
Congestive heart failure 4 (8.3) 2 (5.3) 2 (20.0) 0.391
Hypothyroidism 4 (8.3) 2 (5.3) 2 (20.0) 0.391
Obstructive sleep apnea 2 (4.2) 2 (5.3) 0 (0.0) 1.000

Risk factors for VTE 41
Overweight/ obese 6 (12.5) 6 (15.8) 0 (0.0) 0.42
Immobility 1 (2.1) 1 (2.6) 0 (0.0) 1.000
Prior VTE 3 (6.2) 1 (2.6) 2 (20.0) 0.199
Advanced age (>40 years) 38 (79.2) 30 (78.9) 8 (80.0) 1.000
Hospitalization, surgery 2 (4.2) 1 (2.6) 1 (10.0) 0.882
Family history of VTE, stroke 2 (4.2) 1 (2.6) 1 (10.0) 0.882
Recent or recurrent cancer 1 (2.1) 0 (0.0) 1 (10.0) 0.468

Serology 48
D-dimer >500ng/ml 38 (79.2) 30 (78.9) 9 (90.0) 0.403
Lactate (mml/L) ** 4.93±4.40 5.74±4.39 0.90 N/A
LDH (units/L) ** 454.89 ±222.34 454.89±222.34 0 (0.0) N/A
Ferritin >1000 ng/ml 8 (16.7) 8 (21.1) 0 (0) N/A

EKG 4 4 (8.3) 4 (10.5) 0 (0.0) 0.668
Normal sinus rhythm 3 (6.3) 3 (7.9) 0 (0.0)
Sinus tachycardia 1 (2.1) 1 (2.6) 0 (0.0)

Echocardiogram 11
 Right ventricular dysfunction 6 (12.5) 6 (15.8) 0 (0.0) 0.42

Values are presented as number and percentages (%). **Median, N/A- not available, COVID-19: coronavirus disease 2019, PE: pulmonary embolism, 
DVT: deep vein thrombosis, VTE: venous thromboembolism, EKG: electrocardiogram, ICU: intensive care unit, LDH: lactic acid dehydrogenase, 

O2: Oxygen, SOB: shortness of breath
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Table 1 - Characteristics of published cases of coronavirus associated venous thromboembolism (continuation).

Variable Valid= 
(n/48)

Total cases 
(n=48)

Confirmed PE 
(n=38)

Confirmed DVT 
(n=10) P-value

Covid management 25
Hydroxychloroquine 15 (31.2) 15 (39.5) 0 (0.0) 0.044
Azithromycin 6 (12.5) 6 (15.8) 0 (0.0) 0.42
Amoxicillin clavulanate 4 (8.3) 4 (10.5) 0 (0.0) 0.668
Dexamethasone 5 (10.4) 3 (7.9) 2 (20.0) 0.594
Cefepime 5 (10.4) 3 (7.9) 2 (20.0) 0.594
Linezolid 3 (6.2) 2 (5.3) 1 (10.0) 1.000

Outcome 48
Recovery or discharge  37 (80.4) 30 (81.1) 7 (77.8) 1.000
Death  9 (19.6) 7 (18.9) 2 (22.2) 1.000
Undetermined 2 (4.1) 1 (2.6) 1 (0.10) 0.882

Severity of Covid infection 28
ICU admissions 10 (20.8) 9 (23.7) 1 (10.0) 0.663
Average length of ICU admission (days) 3.31 (±8.25) 1.84 (±3.54) 40.00 (1 patient) N/A
Average length of hospital admission 4.90 (±4.45) 4.83 (±4.67) 5.50 (±2.12) 0.847
Complication during admission 13 (27.1) 10 (26.3) 3 (30.0) 1.000
Time of dx till VTE discovery** 10.30 (±7.92) 10.82 (±8.28) 8.11 (±6.11) 0.363

Duration of COVID symptoms** 43 7.91 (±7.03) 7.97 (±7.45) 7.57 (±4.65) 0.892
Values are presented as number and percentages (%). **Median, N/A- not available, COVID-19: coronavirus disease 2019, 
PE: pulmonary embolism, DVT: deep vein thrombosis, VTE: venous thromboembolism, dx: diagnosis, ICU: intensive care 

unit

respectively. The other medications prescribed included 
warfarin and acetylsalicylic acid. The discharge plans of 
the remaining patients (22.9%) were unclear owing to 
either death or car withdrawal, or because they were not 
fully reported.

Complications such as stroke, respiratory failure, 
shock, acute kidney injury, ventilator-associated 
pneumonia, bleeding in the oropharynx, and multiorgan 
dysfunction were found in 27.1% of the patients during 
admission and were associated with older age and poor 
prognosis.

Discussion. This meta-analysis, which included 
48 patients, revealed that VTE occurred in a significant 
number of patients with COVID-19, regardless of 
whether they were treated in the general ward or 
admitted to the ICU. Pulmonary embolism episodes 
were more common than DVT episodes. Our results 
support the potentially higher incidence rates of 
COVID-19-associated VTE in males, the elderly, and 
those with hypertension, diabetes mellitus, dyslipidemia, 
and elevated D-dimer levels. However, despite some 
complications during admission, most patients had a 
good prognosis and were discharged alive. This study 
also discussed diagnostic procedures and management 
plans for patients with COVID-19, including antiviral 
medicines and various anticoagulant regimens.

Pulmonary embolism is usually triggered by DVT, 
alhtough the presence of PE does not always indicate the 

existence of DVT. Thus, the detection of both acute PE 
and DVT in patients with COVID-19 is essential. The 
diagnosed of PE in COVID-19-affected patients may 
have a concomitant lower-extremity DVT occurrence 
in less than 50% of cases. Even though lower limb DVT 
is the predominant type, a recent retrospective review 
of 257 moderate-to-severe COVID-19 patients found 
that upper extremity deep vein thrombosis (UEDVT) 
occurred in approximately 10.9% of the patients (9% 
CI, 7.1-14.7) especially when other risk factors like 
venous catheters or venous stasis existed. Furthermore, 
when compared to individuals who did not require 
ventilation, using continuous positive airway pressure 
(CPAP) raised the incidence of UEDVT by 6 times. 
The presence of UEDVT has been linked to a poor 
prognosis and death.31

In patients with COVID-19, abnormal coagulation 
results such as disseminated intravascular coagulation 
and markedly elevated levels of D‐dimer and fibrin 
degradation products are linked with poor outcomes 
and death.32 A published systematic review assessed the 
diagnostic precision of D-dimer tests for PE and found 
that D-dimer levels >500 and >1000 μg/L showed 
high sensitivity (96% and 91%, respectively) but low 
specificity (10% and 24%, respectively) in the diagnosis 
of PE in patients with COVID-19, which is equivalent 
with the sensitivity of D-dimer levels in patients without 
COVID-19.33
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Table 2 - Imaging characteristics of confirmed cases of coronavirus associated venous thromboembolism.

Author name Age/
Gender

D-dimer 
>500 ng/

mL**

Chest 
x-ray with 
pneumonia

Echocardiogram CTPA 
Duplex 

ultrasound / 
CUS

Other

Davis, Kenyani 34 M N/A + N/A Right Lower Lobe PE N/A N/A
Aoi et al

70 F + N/A Dilated RV and 
clot in transit Saddle PE N/A N/A

Brüggemann 
et al 57 M ++ + N/A Right pulmonary artery and 

bilateral sub-segmental PE N/A CT Brain showed right 
frontal lobe infarction

Colombo et al 73 F N/A + N/A Bilateral PE Normal N/A
Delcros et al

31 M ++ N/A N/A Bilateral PE N/A

CT venography 
showed a 

femoropopliteal DVT 
expanding to the 

subrenal vena cava
Fiorini et al 26 F + N/A Normal Bilateral sub-segmental PE Normal N/A
Haider et al 46 F + + N/A Bilateral PE (segmental and 

sub-segmental) N/A N/A

Kasinathan et al 20 F + + N/A Bilateral PE N/A N/A
Mene-Afejuku 
et al

67 M ++ + N/A Bilateral PE N/A N/A

58 F ++ + N/A

Large saddle PE extending 
to lobar, segmental, and 
subsegmental pulmonary 

arteries.

N/A N/A

89 F ++ N/A N/A Bilateral PE N/A N/A

82 F ++ + N/A Bilateral PE N/A N/A

Akel et al
28 F ++ N/A

Dilated RV with 
interventricular 
septal flattening

Bilateral extensive PE N/A N/A

52 M ++ + N/A Bilateral PE N/A N/A

62 M ++ N/A McConnell’s sign Bilateral PE N/A N/A

49 M ++ N/A

RV dilatation 
along with 
systolic and 

diastolic 
flattening of the 

septum

Right segmental PE N/A N/A

59 F + + N/A Bilateral PE N/A N/A
69 M ++ N/A N/A Large bilateral PE N/A N/A

Fortuzi et al 52 M ++ + N/A Right PE N/A N/A
74 F ++ N/A N/A Bilateral PE N/A N/A
31 M + N/A N/A Right sub-segmental PE N/A N/A

Kanso et la 68 M ++ + N/A Right segmental PE N/A N/A
62 M ++ + N/A Left segmental PE N/A N/A

Lewis et al 77 M ++ N/A N/A Bilateral PE N/A N/A

70 M + N/A N/A N/A

Partial 
occlusion in 
popliteal and 
femoral veins

N/A

76 M ++ N/A N/A Right segmental and 
sub-segmental PE N/A N/A

80 M N/A N/A N/A N/A DVT of 
femoral vein N/A

92 M + Care withdrawn
Manek et al

66 M ++ N/A N/A Bilateral PE
DVT of the 
left femoral 

vein
N/A

N/A: not available, RV: right ventricle, EF: ejection fraction, LV: left ventricle, PE: pulmonary embolism, Echo: echocardiogram, CT: computed 
tomography, CTPA: CT pulmonary angiography, CUS: compression ultrasonography, CTA: computed tomography angiography, EKG: 

electrocardiogram, F: female, M: male, **(+) means >500 ng/mL, (++)means >5000 ng/mL
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Table 2 - Imaging characteristics of confirmed cases of coronavirus associated venous thromboembolism (continuation).

Author name Age/
Gender

D-dimer 
>500 ng/

mL**

Chest 
x-ray with 
pneumonia

Echocardiogram CTPA Duplex 
ultrasound / CUS Other

Mangala et al

55 M + N/A N/A Right segmental PE. N/A EKG showed normal 
sinus rhythm  

67 F N/A + N/A

PE in right upper 
lobe pulmonary 

artery and segmental 
branches of 

right lower lobe 
pulmonary artery

N/A EKG showed normal 
sinus rhythm  

Nelson, et al

61 M + + N/A Right segmental PE
Multiple areas of 
turbulent flow in 
lower extremity

N/A

54 M ++ + N/A Negative for PE

Turbulent blood 
flow in the right 
lower extremity 

and right calf vein 
thrombosis

N/A

Overstada et al

55 M ++ N/A N/A N/A  DVT in the
left leg N/A

39 M + N/A N/A Bilateral PE N/A N/A
57 M + N/A N/A Left segmental PE N/A N/A
55 M ++ + N/A Bilateral PE N/A N/A

Sakr et al

66 M ++ + Dilated RV and paradoxical 
septal motion Bilateral PE Right femoral vein 

thrombosis N/A

65 M N/A + Mild dilatation of the RV with 
preserved LV function Right segmental PE Normal N/A

56 M N/A + N/A Right segmental PE Normal N/A

41 M N/A +

Acute right heart failure with 
paradoxical septal motion and 

large thrombus in the right 
pulmonary artery

N/A Thrombosis of the 
left femoral vein N/A

49 M N/A + N/A Right segmental PE Normal N/A

Salam et al 36 M + + McConnell’s sign with septal 
flattening

Saddle PE with 
significant clot 

burden. 
Normal EKG showed sinus 

tachycardia 

Sethi et al 44 M ++ +
EF of 45%, severely dilated and 

reduced RV systolic function 
with a flattening of the septum.

N/A Normal N/A

Singh et al

69 F + N/A N/A N/A N/A

CTA showed 
thrombotic occlusion 
in tibial arteries on 
the right leg, aortic 

thrombus in the aorta, 
with evidence of 
splenic infarct.

33 M + N/A N/A N/A N/A

CTA showed occlusive 
thrombus at the aortic 
bifurcation with near-

complete occlusion 
of right common iliac 

arteryy.

69 F + N/A
EF of 25%-35% and evidence 
of a large LV thrombus at the 

apex.
N/A N/A N/A

Uppuluri et al 32 M N/A + N/A Left segmental and 
subsegmental PE. N/A EKG showed normal 

sinus rhythm 

N/A: not available, RV: right ventricle, EF: ejection fraction, LV: left ventricle, PE: pulmonary embolism, Echo: echocardiogram, CT: computed 
tomography, CTPA: CT pulmonary angiography, CUS: compression ultrasonography, CTA: computed tomography angiography, EKG: 

electrocardiogram, F: female, M: male, **(+) means >500 ng/mL, (++) means >5000 ng/mL.
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Table 3 - Anti-coagulation type used to treat confirmed cases of coronavirus associated venous thromboembolism.

Author name Age/
Gender

Type of anticoagulant
Outcome Complications

Prior to VTE VTE treatment 
(during hospitalization) Upon discharge

Kenyani Davis 34 M N/A N/A NOAC Recovery or discharge N/A
Aoi et al 70 F Heparin IV Heparin N/A Death Cardiac arrest
Brüggemann 
et al 57 M LMWH 

(nadroparin) LMWH (tinzaparin) N/A Recovery or discharge Ischemic stroke

Colombo et al 73 F LMWH 
(enoxaparin) LMWH (enoxaparin) NOAC Recovery or discharge Obstructive shock

Delcros et al 31 M LMWH 
(enoxaparin) LMWH (enoxaparin) LMWH (enoxaparin) Recovery or discharge N/A

Fiorini et al 26 F N/A LMWH (enoxaparin) NOAC Recovery or discharge N/A
Haider et al 46 F Heparin LMWH (enoxaparin) NOAC Recovery or discharge N/A
Kasinathan 
et al 20 F N/A LMWH (enoxaparin) LMWH (enoxaparin) Recovery or discharge N/A

Mene-Afejuku 
et al

67 M Heparin NOAC NOAC Recovery or discharge N/A
58 F Heparin LMWH (enoxaparin) NOAC Recovery or discharge N/A
89 F Heparin IV Heparin NOAC Recovery or discharge N/A

82 F LMWH 
(enoxaparin) LMWH (enoxaparin) NOAC Recovery or discharge N/A

Akel et al 28 F LMWH 
(enoxaparin)

tPA, LMWH 
(enoxaparin) NOAC Recovery or discharge N/A

52 M LMWH 
(enoxaparin) LMWH (enoxaparin) NOAC Recovery or discharge N/A

62 M N/A tPA, IV heparin NOAC Recovery or discharge N/A

49 M LMWH 
(enoxaparin) LMWH (enoxaparin) NOAC Recovery or discharge N/A

59 F LMWH 
(enoxaparin) LMWH (enoxaparin) NOAC Recovery or discharge N/A

69 M Heparin IV Heparin NOAC Recovery or discharge N/A
Fortuzi et al 52 M Heparin IV Heparin N/A Death AKI, Septic shock

74 F LMWH 
(enoxaparin) LMWH (enoxaparin) NOAC Recovery or discharge N/A

31 M N/A NOAC NOAC Recovery or discharge N/A
Kanso et la 68 M LMWH 

(enoxaparin) LMWH (enoxaparin) Warfarin Recovery or discharge N/A

62 M LMWH 
(enoxaparin) LMWH (enoxaparin) NOAC Recovery or discharge N/A

Lewis et al 77 M NOAC (Apixaban) LMWH (enoxaparin) N/A Death Multi-system organ 
failure

70 M NOAC (Apixaban) LMWH (enoxaparin)
NOAC (Apixaban), 

LMWH (enoxaparin), 
loaded warfarin

Recovery or discharge N/A

76 M NOAC 
(Rivaroxaban) LMWH (enoxaparin) NOAC (Rivaroxaban) Recovery or discharge N/A

80 M NOAC 
(Rivaroxaban) LMWH (enoxaparin) LMWH (enoxaparin) Death N/A

92 M NOAC (Apixaban) Care withdrawn Care withdrawn Death
Left-sided facial droop, 
left-sided hemiplegia 

and stroke
Manek et al 66 M N/A IV heparin NOAC (Apixaban) Recovery or discharge N/A
Mangala et al 55 M LMWH 

(enoxaparin) LMWH (enoxaparin) NOAC (Apixaban) Recovery or discharge aspiration pneumonia

67 F LMWH 
(enoxaparin) IV heparin NOAC (Apixaban) Recovery or discharge N//A

VTE: venous thromboembolism, N/A: not available, M: male, F: female, LMWH: low molecular weight heparin, IV: intravenous; NOAC: novel oral 
anticoagulants, VA-ECMO: venoarterial extracorporeal membrane oxygenation, AKI: acute kidney injury, tPA: tissue plasminogen activator, ASA: 

acetylsalicylic acid (aspirin)
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Table 3 - Anti-coagulation type used to treat confirmed cases of coronavirus associated venous thromboembolism (continuation).

Author Name Age/
Gender

Type of anticoagulant
Outcome Complications

Prior to VTE VTE treatment 
(During hospitalization) Upon discharge

Nelson et al
61 M N/A IV heparin N/A Death Septic shock

54 M N/A tPA, LMWH 
(enoxaparin) N/A Death N/A.

Overstada et al

55 M N/A NOAC (Apixaban) N/A Recovery or discharge N/A
39 M N/A NOAC (Apixaban) NOAC (Apixaban) Recovery or discharge N/A
57 M N/A NOAC (Apixaban) NOAC (Apixaban) Recovery or discharge N/A

55 M N/A LMWH (Dalteparin) LMWH (Dalteparin) Recovery or discharge N/A

Sakr et al

66 M N/A tPA and IV heparin N/A Death Progressive multi-organ 
failure

65 M N/A LMWH (enoxaparin) LMWH Recovery or discharge N/A
56 M N/A LMWH (enoxaparin) LMWH Recovery or discharge N/A

41 M N/A tPA, VA -ECMO, 
LMWH (tinzaparine) LMWH Recovery or discharge

Ventilator-associated 
pneumonia, severe 

hypoxemia.

49 M LMWH 
(enoxaparin) LMWH N/A Death Necrotizing pneumonia

Salam et al 36 M N/A tPA , LMWH 
(enoxaparin) NOAC (Apixaban) Recovery or discharge N/A

Sethi et al 44 M N/A
tPA, LMWH 
(enoxaparin),  
VA -ECMO

LMWH Recovery or discharge Bleeding within the 
oropharynx

Singh et al

69 F N/A IV heparin NOAC (Rivaroxaban) 
with low dose ASA

Recovery or 
discharge N/A

33 M N/A IV heparin NOAC (Rivaroxaban) Recovery or 
discharge N/A

69 F NOAC 
(Apixaban) LMWH N/A Undetermined

Massive stroke in the 
territory of the

left middle cerebral 
artery and clinically 

deteriorated.
Uppuluri et al 32 M N/A LMWH (enoxaparin) NOAC (Apixaban) Undetermined N/A

VTE: venous thromboembolism, N/A: not available, M: male, F: female, LMWH: low molecular weight heparin, IV: intravenous; NOAC: novel oral 
anticoagulants, VA-ECMO: venoarterial extracorporeal membrane oxygenation, AKI: acute kidney injury, tPA: tissue plasminogen activator, ASA: 

acetylsalicylic acid (aspirin)

On the other hand, a multicenter retrospective 
analysis that included 451 hospitalized patients with 
COVID-19 who underwent an ultrasonographic 
evaluation revealed that 14% of the patients had acute 
DVT. The D-dimer level was the most important 
influencing factor of the risk of DVT, and D-dimer 
levels > 5000 ng/mL were considered beneficial for 
predicting DVT. Therefore, in the early stages of 
COVID-19, regular D-dimer monitoring may be 
beneficial.34 In our summary, most patients with PE and 
DVT had a positive D-dimer test result (>500 μg/L; 
Table 1). However, in consideration of the high range of 
occurrence of VTE in patients with COVID-19, a high 
standard of doubt is essential, regardless of the D-dimer 
value.

A recent systematic review was conducted to identify 
the lung histopathological features of COVID-19 and to 
see how they relate to another previous viral pandemic. 
The review revealed that the presence of microthrombi 
in capillaries, small and medium vessels was a frequent 
histopathological pattern in lung pathologies in patients 
with COVID-19 (57%) and SARS (58%) in comparison 
to those with H1N1 influenza (24%). This points to a 
link between coronaviruses and microthrombi.35

In a recent retrospective study in Italy, 476 hospitalized 
COVID-19 patients from the first (n=316) and second 
(n=160) COVID-19 waves were compared. There were 
no significant variations in baseline features, admission 
biomarkers, severity metrics, or lethality between the 
first and second COVID-19 waves of patients admitted 
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to a particular hospital and undergoing standard-dose 
thromboprophylaxis. However, a larger percentage 
of patients in the second wave had acute respiratory 
distress syndrome (46.3%) compared to the first wave 
(29.1%). The median length of hospitalization was 
longer in the second wave (17 days) compared to the 
first wave (10 days). In addition, the second wave had 
a greater rate of VTE. Possible explanations include 
a longer stay in the hospital, more diagnostic testing, 
and increased knowledge of thromboembolic problems. 
This emphasizes the fact that VTE identification is 
not completely reliant on the presence or absence of 
common signs and symptoms; rather, more frequent 
imaging is linked to more VTE incidents diagnoses.36

Several studies have indicated the risk of VTE since 
the COVID-19 epidemic started in both inpatient and 
outpatient patients with COVID-19. According to the 
recommendations of the VAS European Independent 
Foundation in Angiology/Vascular Medicine, 
patients who undergo home therapy for COVID-19 
should begin thromboprophylaxis with LMWH, 
rivaroxaban, or betrixaban. For hospitalized patients, 
thromboprophylaxis should be administered with 
weight-adjusted intermediate doses of LMWH. For the 
treatment of VTE or hypercoagulability during hospital 
admission, LMWHs are preferable to unfractionated 
heparins or NOACs. After discharge, prolonged 
thromboprophylaxis with LMWH, rivaroxaban, or 
betrixaban is recommended.37 National Institute for 
Health and Care Excellence (NICE) recommendations 
which were recently released, suggested administering 
LMWH at a therapeutic dosage for people with 
COVID-19 who need oxygenation without an increased 
risk of bleeding.38 We found that LMWHs (enoxaparin, 
dalteparin, and nadroparin) were the most frequently 
used medications for prophylaxis and the treatment of 
hospitalized patients, whereas NOACs (apixaban and 
rivaroxaban) were the most frequently used medication 
after discharge.

In a recently published prospective cohort study 
with almost 6195 patients with COVID-19, 598 
patients were hospitalized upon diagnosis, and 5597 
were managed as outpatients. Of the outpatients, 
2.9%received outpatient anticoagulation (OPAC). The 
likelihood of being admitted to the hospital was lowered 
by 43% in the patients who were receiving OPAC before 
the diagnosis of COVID-19. Unfortunately, owing to 
the small number of users, the precision of the effect 
of the type and dosage of the anticoagulants used, such 
as warfarin, NOACs, and enoxaparin, were inadequate. 
Furthermore, in hospitalized COVID-19 patients, 

failure to start anticoagulation or to continue OPAC was 
linked to a greater mortality risk.39 In 89.6% of the cases 
in our summary, the COVID-19 signs and symptoms 
lasted for 7.91±7.03 days, and VTE was discovered 
10.30±7.92 days after diagnosis. This emphasizes the 
significance of initiating thromboprophylaxis upon 
diagnosis.

Owing to the ongoing pandemic, it is essential to 
promote awareness of VTE as a possible complication 
of COVID-19 infection. Many approaches have been 
used to reduce the likelihood of VTE occurrence 
and to control confirmed cases. However, failure of 
thromboprophylaxis and the presence of VTE in 
patients with COVID-19 admitted to ICUs imply 
that rather than a broad treatment plan, a customized 
approach tailored to the severity and stage of the 
disease should be used.40 In France, a comprehensive 
multi-center retrospective study was carried out to 
investigate the impact of intermediate-dose compared 
to standard prophylactic anticoagulation (AC) in 
COVID-19 patients admitted to medical wards. 
In-hospital mortality was not considerably different.41  
In our meta-case summary, 56.3% of the patients had 
received anticoagulant therapy prior to hospitalization. 
However, it did not reduce the incidence rate of VTE, 
or complications found upon admission, which suggests 
a prophylaxis failure. 

Novel oral anticoagulants are among the commonly 
used anticoagulants and have demonstrated acceptable 
efficacy/safety features; nonetheless, some studies 
have shown drug-drug interactions between NOACs, 
and specific antiviral drugs used in patients with 
COVID-19.38 A recent study compared 13,003 
patients with COVID-19 who received NOAC therapy 
(dabigatran, apixaban, rivaroxaban, or edoxaban) 
without any other accompanying anticoagulation for 
at least one year prior to COVID-19 diagnosis and 
were still receiving this therapy at the time of diagnosis 
with another 13,003 patients with COVID-19 who 
did not take any anticoagulant therapy (either oral 
or parenteral). Surprisingly, the authors found that 
prolonged use of NOAC therapy up to the time of 
COVID-19 diagnosis was not related to better clinical 
outcomes or reduced hospitalization/rehospitalization 
rates than those in patients with COVID-19 who were 
not treated with oral anticoagulants.42

Study limitations. The present meta-analysis has 
some limitations that must be addressed. The qualities 
of the included studies had low levels of evidence. Most 
of them were case reports and case series which may 
not be representative of all cases. Some of the collected 
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data were incomplete, posing a high risk of prejudice 
in information. The study comprised a limited number 
of studies, and each study had its own patient selection 
bias.

In conclusion, this meta-summary of cases of VTE 
associated with COVID-19, we identified 10 cases 
with DVT diagnosed using duplex ultrasonography, 
compression ultrasonography, or CT venography, and 
38 cases with PE based on CTPA with high D-dimer 
levels and evidence of strain on echocardiography. 
Patients with VTE often developed common 
COVID-19 symptoms, including fever, cough, chest 
pain, fatigue, and shortness of breath. In general, both 
acute and chronic presentations of VTE are common; 
however, in individuals with COVID-19, acute VTE 
can cause serious illness and death. 

A high index of suspicion among COVID-19 
patients is essential, irrespective of whether they are 
treated in the general ward or in ICU settings or with 
anticoagulant therapy prior to or during COVID-19 
diagnosis. Our review provides a glimpse into the 
current management practices used in individual cases 
of VTE practices and warrants future investigations in 
larger number of cases.

Acknowledgment. The authors gratefully acknowledge 
Scribendi (www.scrobendi.com) for the English language editing. 

References
 
  1.	 Majumder J, Minko T. Recent developments on therapeutic 

and diagnostic approaches for COVID-19. AAPS J 2021; 23: 
14. 

  2.	 Li J, Huang DQ, Zou B, Yng H, Hui WZ, Rui F, et al. 
Epidemiology of COVID-19: A systematic review and meta-
analysis of clinical characteristics, risk factors, and outcomes. J 
Med Virol 2021; 93: 1449-1458. 

  3.	 Wolff D, Nee S, Hickey NS, Marschollek M. Risk factors for 
Covid-19 severity and fatality: a structured literature review. 
Infection. 2021; 49: 15-28. 

  4.	 Dou Q, Wei X, Zhou K, Yang S, Jia P. Cardiovascular 
Manifestations and Mechanisms in Patients with COVID-19. 
Trends Endocrinol Metab 2020; 31: 893-904. 

  5.	 Pan LY,  Zhang  WW, Cheng  F, Hu SS, Zhang X, Jiang HY. 
A meta-analysis of the incidence of venous thromboembolic 
events and impact of anticoagulation on mortality in patients 
with COVID-19. Int J Infect Dis 2020; 100: 34-41. 

  6.	 Di Minno A, Ambrosino P, Calcaterra I, Di Minno MN. 
COVID-19 and venous thromboembolism: a meta-analysis of 
literature studies. Semin Thromb Hemost 2020; 46: 763-771. 

  7.	 Walid A. Hypercoagulability in COVID-19: A review of the 
potential mechanisms underlying clotting disorders. SAGE 
Open Med 2021; 9: 20503121211002996.

  8.	 Mazzeffi MA, Chow JH, Tanaka K. COVID-19 Associated 
hypercoagulability: manifestations, mechanisms, and 
management. Shock  2021; 55: 465-471.

  9.	 Davis, Kenyani. COVID-19 pneumonia with back pain: 
Presentation of an acute pulmonary embolism associated with 
novel coronavirus infection in an outpatient setting. Clinical 
Case Reports 2020; 8: 2514-2517.

10.	 Aoi S, Kakkar AM, Golowa Y, Grushko M, Coyle CM, Elrafei 
T, et al. Saddle pulmonary embolism and clot in transit in 
COVID-19 infection: a case report of catastrophic venous 
thromboembolism. Eur Heart J Case Rep 2020; 4: 1-6. 

11.	 Brüggemann R, Gietema H, Jallah B, Ten Cate H, Stehouwer 
C, Spaetgens B. Arterial and venous thromboembolic disease 
in a patient with COVID-19: A case report. Thromb Res 2020; 
191: 153-155. 

12.	 Colombo L,  Macheda A, Gentile D, Panizzardi F, Pierini S, 
Codazzi C, et al. How to manage thromboembolic risk in 
patient with SARS-CoV-2-related disease in the Emergency 
Department: A case report of cardiogenic shock due to massive 
pulmonary embolism. Respir Med Case Rep 2003; 31: 101185.

13.	 Delcros Q, Rohmer J, Tcherakian C, Groh M. Extensive DVT 
and pulmonary embolism leading to the diagnosis of coronavirus 
disease 2019 in the absence of severe acute respiratory syndrome 
coronavirus 2 pneumonia. Chest 2020; 158: e269-e271.

14.	 Fiorini NB, Garagoli  F, Bustamante  RC, Pizarro R. Acute 
pulmonary embolism in a patient with mild COVID-19 
symptoms: a case report. Eur Heart J Case Rep 2021; 5; 
ytaa563. 

15.	 Maryam HB, Abbas F, Hafeez W. A 46-year-old woman 
who presented with diabetic ketoacidosis and COVID-19 
pneumonia with multiple pulmonary thromboemboli: A case 
report. Am J Case Rep 2020; 21: e925794-1-e925794-4, 

16.	 Sushma K, Ashraf HM, Minkowitz S, Adeyinka A, Bailey-
Correa K. COVID-19 infection and acute pulmonary embolism 
in an adolescent female with sickle cell disease. Cureus 2020; 
12: e12348. 

17.	 Mene-Afejuku TO, Jeyashanmugaraja  GP, Akinlonu  AA, 
Osman M, Hoq M. Venous thromboembolism has a variable 
time of occurrence in the course of COVID-19: A case series. 
Cureus 2020; 12: e12295. 

18.	 Akel T, Qaqa F, Abuarqoub A, Shamoon F. Pulmonary 
embolism: A complication of COVID 19 infection. Thromb 
Res 2020; 193: 79-82. 

19.	 Fortuzi K, Ghazanfar H, Haider A, Patel K, Patel M. Pulmonary 
embolism in COVID-19 pneumonia: Random association or 
causality? Cureus 2020; 12: e8900. 

20.	 Kanso M, Cardi T, Marzak H, Schatz A, Faucher L, Grunebaum 
L, et al. Delayed pulmonary embolism after COVID-19 
pneumonia: a case report. Eur Heart J Case Rep 2020; 4: 1-4. 

21.	 Paul L, Tharp  JL. Breakthrough venous thromboembolic events 
in five patients with COVID-19 on direct oral anticoagulants. J 
Clin Pharm Ther 2021; 46: 519-523. 

22.	 Gaurav M, Gupta M, Congrete S, Datta D. Submassive 
pulmonary embolism in mild COVID-19 without lung 
infiltrates. Cureus 2021; 13; e13978.

23.	 Onkarappa Mangala Y, Daid SS, Lakshmanan S, Kapil R, 
Miskovsky J. Acute pulmonary embolism in COVID-19: A 
report of two cases. Cureu 2020; 12:e9459. 

24.	 Mathew N, Shi D, Gordon M, Chavda Y, Grimaldi C, Bajaj  
T. Where there’s smoke, there’s fire: A case report of turbulent 
blood flow in lower extremity point-of-care ultrasound in 
COVID-19. Clinical practice and cases in emergency medicine 
2021; 5: 30-34. 

25.	 Overstad S, Tjonnfjord E, Garabet L, Fronas S, Bergan J, Aballi 
S, et al. Venous thromboembolism and coronavirus disease 2019 
in an ambulatory care setting - A report of 4 cases. Thromb Res 
2020; 194: 116-118. 

https://pubmed.ncbi.nlm.nih.gov/33400058/
https://pubmed.ncbi.nlm.nih.gov/33400058/
https://pubmed.ncbi.nlm.nih.gov/33400058/
https://pubmed.ncbi.nlm.nih.gov/32790106/
https://pubmed.ncbi.nlm.nih.gov/32790106/
https://pubmed.ncbi.nlm.nih.gov/32790106/
https://pubmed.ncbi.nlm.nih.gov/32790106/
https://pubmed.ncbi.nlm.nih.gov/32860214/
https://pubmed.ncbi.nlm.nih.gov/32860214/
https://pubmed.ncbi.nlm.nih.gov/32860214/
https://pubmed.ncbi.nlm.nih.gov/33172748/
https://pubmed.ncbi.nlm.nih.gov/33172748/
https://pubmed.ncbi.nlm.nih.gov/33172748/
https://pubmed.ncbi.nlm.nih.gov/32798659/
https://pubmed.ncbi.nlm.nih.gov/32798659/
https://pubmed.ncbi.nlm.nih.gov/32798659/
https://pubmed.ncbi.nlm.nih.gov/32882719/
https://pubmed.ncbi.nlm.nih.gov/32882719/
https://pubmed.ncbi.nlm.nih.gov/32882719/
https://pubmed.ncbi.nlm.nih.gov/33815798/
https://pubmed.ncbi.nlm.nih.gov/33815798/
https://pubmed.ncbi.nlm.nih.gov/33815798/
https://pubmed.ncbi.nlm.nih.gov/32890309/
https://pubmed.ncbi.nlm.nih.gov/32890309/
https://pubmed.ncbi.nlm.nih.gov/32890309/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7752615/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7752615/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7752615/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7752615/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7252130/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7419271/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7419271/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7419271/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7419271/
https://pubmed.ncbi.nlm.nih.gov/33280767/
https://pubmed.ncbi.nlm.nih.gov/33280767/
https://pubmed.ncbi.nlm.nih.gov/33280767/
https://pubmed.ncbi.nlm.nih.gov/33280767/
https://pubmed.ncbi.nlm.nih.gov/33521514/
https://pubmed.ncbi.nlm.nih.gov/33521514/
https://pubmed.ncbi.nlm.nih.gov/33521514/
https://pubmed.ncbi.nlm.nih.gov/33521514/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7394556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7394556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7394556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7394556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7840446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7840446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7840446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7840446/
https://pubmed.ncbi.nlm.nih.gov/33520499/
https://pubmed.ncbi.nlm.nih.gov/33520499/
https://pubmed.ncbi.nlm.nih.gov/33520499/
https://pubmed.ncbi.nlm.nih.gov/33520499/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7247481/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7247481/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7247481/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7389163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7389163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7389163/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7793223/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7793223/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7793223/
https://pubmed.ncbi.nlm.nih.gov/33217032/
https://pubmed.ncbi.nlm.nih.gov/33217032/
https://pubmed.ncbi.nlm.nih.gov/33217032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8053007/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8053007/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8053007/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7455387/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7455387/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7455387/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7872592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7872592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7872592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7872592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7872592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303641/


990

COVID-19 and VTE ... ALGhasab et al

Saudi Med J 2022; Vol. 43 (9)     https://smj.org.sa    

26.	 Sakr Y, Giovini M, Leone M, Pizzilli G, Kortgen A, Bauer M. The 
clinical spectrum of pulmonary thromboembolism in patients 
with coronavirus disease-2019 (COVID-19) pneumonia: A 
European case series. J Crit Care2021; 61: 39-44. 

27.	 Salam S, Mallat J, Elkambergy H. Acute high-risk pulmonary 
embolism requiring thrombolytic therapy in a COVID-19 
pneumonia patient despite intermediate dosing deep vein 
thromboprophylaxis. Respir Med Case Rep 2020; 31: 101263.

28.	 Sethi SS, Zilinyi R, Green P, Eisenberger A, Brodie D, Agerstrand 
C, et al. Right ventricular clot in transit in COVID-19: 
Implications for the pulmonary embolism response team. JACC 
Case Rep 2020; 2: 1391-1396. 

29.	 Singh G, Bin Attique  H, Gadela NV, Mapara K, Manickaratnam 
S. COVID-19 Related arterial coagulopathy. Cureus 2020; 12:  
e9490. 

30.	 Uppuluri EM, Shapiro NL. Development of pulmonary 
embolism in a nonhospitalized patient with COVID-19 who 
did not receive venous thromboembolism prophylaxis. Am J 
Health Syst Pharm 2020; 23: 1957-1960. 

31.	 Mumoli N, Dentali F, Conte G, Colombo A, Capra R, Porta 
C, et al. Upper extremity deep vein thrombosis in COVID-19: 
incidence and correlated risk factors in a cohort of non-ICU 
patients. PLoS One 2022; 17: e0262522.

32.	 Tang N, Li D, Wang X, Sun Z. Abnormal coagulation 
parameters are associated with poor prognosis in patients with 
novel coronavirus pneumonia. J Thromb Haemost 2020; 18: 
844-847. 

33.	 Suh YJ, Hong H, Ohana M, Bompard F, Revel MP, Valle 
C, et al. Pulmonary embolism and deep vein thrombosis in 
COVID-19: A systematic review and meta-analysis. Radiology 
2021; 298: E70-E80. 

34.	 Riyahi S, Hectors SJ, Prince MR, Sweeney EM, Lane EG, 
Honya R, et al. Predictors of acute deep venous thrombosis 
in patients hospitalized for COVID-19. Medicine (Baltimore) 
2021; 100: e27216. 

35.	 Hariri LP, North CM, Shih AR,  Isreal RA, Maley JH, Villalba 
JA, et al. Lung histopathology in COVID-19 as compared to 
SARS and H1N1 influenza: a systematic review. Chest 2021; 
159: 73–84.

36.	 Mumoli N, Conte G, Cei M, Vitale J, Capra R, Rotiroti G, 
et al. In-hospital fatality and venous thromboembolism during 
the first and second COVID-19 waves at a center opting for 
standard-dose thromboprophylaxis. Thromb Res 2021; 203: 
82-84. 

37.	 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. Thrombosis and 
haemostasis 2020; 120: 1597-1628. 

38.	 National Institute for Health and Care Excellence. COVID-19 
rapid guideline: managing COVID-19. [Updated 2022 Jly 14; 
accessed 2022 March 9]. Available from: https://www.nice.org.
uk/guidance/ng191/chapter/Recommendations

39.	 Hozayen SM, Zychowski D, Benson S, Lutsey PL, Haslbauer  
J, Tzankovet A, et al. Outpatient and inpatient anticoagulation 
therapy and the risk for hospital admission and death among 
COVID-19 patients. EClinicalMedicine 2021; 41: 101139. 

40.	 Asakura H, Ogawa H. COVID-19-associated coagulopathy 
and disseminated intravascular coagulation. Int J Hematol 
2021; 113: 45-57. 

41.	 Smadja DM, Bonnet G, Gendron N, Weizman O, Khider L, 
Trimaille A, et al. Intermediate- vs. standard-dose prophylactic 
anticoagulation in patients with COVID-19 admitted in 
medical ward: A propensity score-matched cohort study. Front 
Med (Lausanne) 2021; 8: 747527. 

42.	 Rivera-Caravaca JM, Buckley BJ, Harrison SL, Fazio-
Eynullayeva E, Underhill P, Marín F, et al. Direct-acting 
oral anticoagulants use prior to COVID-19 diagnosis and 
associations with 30-day clinical outcomes. Thromb Res 2021; 
205: 1-7. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7518181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7518181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7518181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7518181/
https://pubmed.ncbi.nlm.nih.gov/33083223/
https://pubmed.ncbi.nlm.nih.gov/33083223/
https://pubmed.ncbi.nlm.nih.gov/33083223/
https://pubmed.ncbi.nlm.nih.gov/33083223/
https://pubmed.ncbi.nlm.nih.gov/32879814/
https://pubmed.ncbi.nlm.nih.gov/32879814/
https://pubmed.ncbi.nlm.nih.gov/32780839/
https://pubmed.ncbi.nlm.nih.gov/32780839/
https://pubmed.ncbi.nlm.nih.gov/32780839/
https://pubmed.ncbi.nlm.nih.gov/32780839/
https://pubmed.ncbi.nlm.nih.gov/35020777/
https://pubmed.ncbi.nlm.nih.gov/35020777/
https://pubmed.ncbi.nlm.nih.gov/35020777/
https://pubmed.ncbi.nlm.nih.gov/35020777/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/32073213/
https://pubmed.ncbi.nlm.nih.gov/33320063/
https://pubmed.ncbi.nlm.nih.gov/33320063/
https://pubmed.ncbi.nlm.nih.gov/33320063/
https://pubmed.ncbi.nlm.nih.gov/33320063/
https://pubmed.ncbi.nlm.nih.gov/34559112/
https://pubmed.ncbi.nlm.nih.gov/34559112/
https://pubmed.ncbi.nlm.nih.gov/34559112/
https://pubmed.ncbi.nlm.nih.gov/34559112/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7538870/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7538870/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7538870/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7538870/
https://pubmed.ncbi.nlm.nih.gov/33975205/
https://pubmed.ncbi.nlm.nih.gov/33975205/
https://pubmed.ncbi.nlm.nih.gov/33975205/
https://pubmed.ncbi.nlm.nih.gov/33975205/
https://pubmed.ncbi.nlm.nih.gov/33975205/
https://pubmed.ncbi.nlm.nih.gov/32920811/
https://pubmed.ncbi.nlm.nih.gov/32920811/
https://pubmed.ncbi.nlm.nih.gov/32920811/
https://pubmed.ncbi.nlm.nih.gov/32920811/
https://pubmed.ncbi.nlm.nih.gov/32920811/
https://pubmed.ncbi.nlm.nih.gov/32920811/
https://www.nice.org.uk/guidance/ng191/chapter/Recommendations
https://www.nice.org.uk/guidance/ng191/chapter/Recommendations
https://www.nice.org.uk/guidance/ng191/chapter/Recommendations
https://www.nice.org.uk/guidance/ng191/chapter/Recommendations
https://pubmed.ncbi.nlm.nih.gov/34585129/
https://pubmed.ncbi.nlm.nih.gov/34585129/
https://pubmed.ncbi.nlm.nih.gov/34585129/
https://pubmed.ncbi.nlm.nih.gov/33161508/
https://pubmed.ncbi.nlm.nih.gov/33161508/
https://pubmed.ncbi.nlm.nih.gov/33161508/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8553987/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8553987/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8553987/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8553987/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8553987/
https://pubmed.ncbi.nlm.nih.gov/34218058/
https://pubmed.ncbi.nlm.nih.gov/34218058/
https://pubmed.ncbi.nlm.nih.gov/34218058/
https://pubmed.ncbi.nlm.nih.gov/34218058/
https://pubmed.ncbi.nlm.nih.gov/34218058/

	Title
	Affiliation
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

