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Abstract
Background: Thrombotic events can increase the COVID-19 associated disease mortality. The administration of prophylactic
anticoagulants had been shown to decrease the incidence of thrombosis, mortality, and ICU admission rates in COVID-19
patients.
Aims: The present study investigates the rate of thrombosis with early anticoagulation prophylaxis, the various risk factors for
thrombotic events, and the overall survival rate in hospitalized COVID-19 cases.
Methods: In this prospective observational study, 425 patients aged ≥14 years were included in the study who were hospitalized
with COVID-19 related symptoms from March to October 2020 at two tertiary care hospitals in the Kingdom of Saudi Arabia.
Venous thromboembolism (VTE) score was evaluated, and VTE prophylaxis was administered according to the hospital guide-
lines. Patients’ demographics, comorbidities, disease presentation, and sequential hematological profiles were also recorded.
Samples were collected at different time points to determine the hematological profiles.
Results: Out of 425 with positive COVID-19 subjects, eight (1.9%) patients developed thrombosis during admission, with pul-
monary embolism being the most common type. VTE prophylaxis was administered to 394 (92.7%) patients. These anticoagu-
lants included enoxaparin (86.3%), heparin (12.7%), warfarin (0.8%) and apixaban (0.3%). Comorbid conditions were recorded in
253 (59.5%) patients. ICU admission rate was 28% (n= 119), with a median time to transfer to ICU of 1 day (r: 0-33 days). A
trend of high VTE score (5.0) with ICU admission and mortality (P=<.001) was observed. The observed mortality rate for our
cohort was 5.9% (25 events out of 425); however, for patients admitted in ICU, it was 16% (19 events out of 119 admissions).
Conclusion: We are reporting a low incidence of thrombosis in COVID-19 patients. We have demonstrated that the early
administration of prophylactic anticoagulants might reduce the risk of thrombotic events and the associated mortality. We
observed a higher VTE score and thrombosis in patients admitted to the ICU.
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Introduction
In Wuhan, China, a novel human coronavirus severe acute
respiratory syndrome coronavirus 2 (SARS-CoV2) outbreak
became a global pandemic in early 2020. The World Health
Organization (WHO) named the disease Coronavirus disease
of 2019 (COVID-19).1–7 Some 280 million confirmed cases
of COVID-19 have been reported globally to date, causing
close to 5.4 million deaths.8 Several vaccines have been
designed to combat the pandemic, with countries racing
towards achieving vaccination targets.8

Although COVID-19 is primarily a respiratory disease that
can lead to pneumonia or acute respiratory distress syndrome,
various non-respiratory manifestations have also been reported,
including venous and thromboembolic events.9–12 COVID-19
induced thrombosis affects various, organs including the vascu-
lature of lungs,9 legs,11 spleen,10 heart,13 and brain.14 The throm-
botic events can lead to high mortality in severe COVID-19
cases.15 The clinical data reported to date indicates that the
most frequently reported thrombotic events among COVID-19
patients are pulmonary embolism (PE) and deep vein thrombosis
(DVT).12 However, in hospitalized patients, the risk of venous
thromboembolism (VTE) remains the highest.16–19 There are
conflicting reports on the rate of VTEs in hospitalized patients
with an estimated incidence of 12–28%.20 In a multicenter
Saudi study conducted on 636 COVID-19 patients, the rate of
VTE was reported as 0.19% in the non-ICU group and 10.3%
in ICU patients. The rate of arterial events was 0.94% in
non-ICU patients compared to 8.4% in ICU groups.21

The administration of prophylactic anticoagulants had been
shown to decrease VTE incidence, mortality, and admission to the

ICU in severe COVID-19 patients.22,23 In the earlier days of the pan-
demic, conflicting data were reported on the dose of anticoagulation,
making a case for prophylactic versus intermediate or full dose.21

Several mechanisms have been proposed to be associated with
SARS-CoV2 infection that may cause thrombosis.24 The levels of
various markers in COVID-19 patients are altered, including leu-
cocyte count, lymphocyte count, and platelet count.25 The levels of
coagulation markers have also been reported to differ among
COVID-19 patients and non-COVID-19 patients, especially with
ARDS.26 Various preclinical probability scores like DIC & VTE
have shown value in predicting the clinical severity and thrombo-
sis. The present study investigates the rate of thrombosis, the
various risk factors for thrombotic events, and the overall survival
rate in hospitalized COVID-19 cases.

Methods

Study Design and Participants
After appropriate approval by the Institutional Review Board of
both centers, a prospective observational study was carried out.
We included 425 adolescent and adult (age ≥14 years) patients
who were hospitalized mainly with COVID-19 related symp-
toms from March to October 2020 at two tertiary care hospitals
in the Kingdom of Saudi Arabia (KSA),

Data Collection
According to the hospital guidelines, each admitted patient under-
went evaluation for a VTE score27 and received VTE prophylaxis
(Table 1). Patients’ data were measured upon admission on

Table 1. Hospital guidelines for VTE prophylaxis

• Prefer to have pharmacologic prophylaxis for all COVID-19 positive admitted patients according to:

Condition Recommendation

1- If BMI <35 kg/m2, Enoxaparin 40 mg SC once daily
2- If BMI >35 kg/m2, Enoxaparin 30 mg SC twice daily
3- If eGFR < 30 ml/min, Heparin 5000 units SC Q8hrs
4- If has a confirmed history of HITT, Fondaparinux 2.5 mg SC once daily
5- If there is an absolute contraindication to
pharmacologic prophylaxis;

Order above knee intermittent pneumatic compression and assure application for a
minimum of 20 hours a day

6-For patients with D-Dimer less than 2.5 µg/mL Use standard dose thromboprophylaxis as above
7- In high-risk patients with D-Dimer of 2.5 µg/mL or
more:

1- Enoxaparin SC 0.5 mg/Kg twice daily if eGFR >30 mL/min

2- If eGFR <30 mL/min use low dose heparin infusion as per KFSH&RC heparin
protocol
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demographics, details on symptoms, COVID-19 stage, sequential
hematological profiles, VTE prophylaxis, and score, treatment,
and outcome were recorded throughout their stay at the hospital.
Comorbidities, including cancer, hyperlipidemia, hypertension,
and diabetes, were defined according to the medical history, body
mass index (BMI), and mortality rate at day-30. Samples for
special coagulation tests were collected on admission to the hospital.

Laboratory Analysis
Samples were collected at admission, days 3, 7, and 14 for those
staying up to 14 days. All our patients had 10 cc of EDTA, 10 cc
of Citrated blood (at 3.2%), and 5 cc sodium heparin collected.
CBC was tested from the EDTA samples using an automated
SYSMEX XN-10 instrument (Sysmex Corporation, Kobe,
Japan), while automated chemistry analyzer COBAS 601
(Roche Diagnostics, Basel, Switzerland) was used to measure
serum creatinine and C reactive protein.

The samples for coagulation tests were centrifuged within two
hours and aliquoted for testing different coagulation markers,
including PT / INR, aPTT, D-dimer, and fibrinogen (FIB) done
at all four time-points, while antithrombin (AT), protein C (PC),
protein S (PS), von Willebrand factor antigen (vWFAg) and
factor VIII (FVIII) activity were done at admission to hospital
using STAR Max® (Diagnostica Stago, Marseille, France).

COVID-19 Stages
To explore the correlation between disease severity and coagu-
lation markers, we used a hospital-based clinical staging system

for COVID-19 to assess disease severity. The system divides
patients into stages A to D, as summarized in Table 2.

Statistical Analysis
After performing quality checks on the dataset, descriptive statis-
tics were calculated using developed algorithms for missing and
abnormal values. Measures on continuous variables were provided
as median with range for data not conforming to normality
assumptions and categorical variables as number and percentage.
Chi-square test or Fisher’s exact test were used to analyze the asso-
ciation between the categorical variables. Independent-samples
Mann-Whitney U Test and Kruskal-Wallis Test were used to
test for the significance of the difference between two and more
categories of continuous variables. Cut-off values of the parame-
ters were calculated using Youden’s criterion. All statistical anal-
ysis was performed using IBM-SPSS (version 20.0) and R
(version 4.0.5) with R Studio (version 1.1.456). P–value threshold
of less than .05 was considered statistically significant. No impu-
tation for missing data

Results
The median age in our cohort was 52 years (range “r’: 14-92
years). Out of 425 patients admitted to the hospital with positive
COVID-19 diagnosis, 227 male patients accounted for 53.4%,
with the male to female ratio of 1:0.9. Only 34 (8%) were
asymptomatic at presentation admitted for observation due to
various medical reasons. Respiratory-related symptoms were
the most common (n= 293, 68.9%), followed by fever (n=
266, 62.6%), and GIT symptoms (n= 120, 28.2%).
Co-morbid conditions were recorded in 253 (59.5%) patients,
with hypertension being the commonest (n= 171, 40.2%).
Twenty-nine (6.8%) of our patients had cancer. COVID-19
stage B was the most common stage at the presentation time
(n= 200, 47.1%). ICU admission rate was 28% (n= 119),
with a median time to transfer to the ICU of one day (r: 0-33
days). The median ICU stay was 9 days (r: 1-115 days).
Patients’ demographic, clinical characteristics and prophylaxis
incidence of thrombosis, and survival outcome are presented
in Table 3. The overall mortality rate for our cohort was 5.9%
(25 events out of 425); however, for patients admitted to the
ICU, it was 16% (19 events out of 119 admissions).

VTE Score, Anticoagulation Prophylaxis and Thrombosis
VTE score was calculated for all admitted patients on admis-
sion, days 3, 7 and 14. A trend of high VTE score (5.0) with
thrombosis (P= .051), ICU admission, and mortality (P<
.001, respectively) was observed (Supplement Table-B). Eight
(1.9%) patients developed thrombosis during admission. The
type of thrombosis was pulmonary embolism in 4 patients,
while others had thrombosis in the inferior vena cava, internal
jugular, and portal vein, with one patient having a stroke.
Three out of five patients with thrombosis who were admitted
to the ICU, the thrombotic event was documented 7 days

Table 2. Hospital based clinical staging system for COVID-19 to
assess disease severity

Stage
Clinical
Presentation Characteristic features

Stage
A

Asymptomatic Patients with no signs or symptoms of
infection

Stage
B

Mild Infection Upper respiratory tract infection
symptoms and other mild symptoms
(including fever and gastrointestinal
symptoms) without evidence of
pneumonia

Stage
C

Moderate
Infection

Patients with hypoxia with oxygen
saturation less than 93% at rest or
presence of pneumonia not requiring
ICU admission

Stage
D

Severe Infection Pneumonia requiring ICU admission or
any of the following:

1. Respiratory rate of 30 breaths/min
2. Arterial oxygen partial pressure to

fractional inspiratory oxygen ratio
(PaO2/FiO2) less than 300

3. More than 50% lung involvement on
imaging within 24–48 hours

4. Critical respiratory failure requiring
mechanical ventilation, septic shock
or multi-organ dysfunction.
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after ICU admission, while for one patient it occured within 3
days of admission and for the other it was on the same day.
According to hospital guidelines, VTE prophylaxis was admin-
istered to 394 (92.7%) patients: enoxaparin to 340 (86.3%),
heparin to 50 (12.7%), warfarin to 3 (0.8%), and apixaban
was given to 1 (0.3%) patient.

Incidence of thrombosis was significantly associated with
ICU admission and high DIC and VTE scores (Supp B).
Factors like elevated d-dimer, higher BMI, platelets >450×
109/L, advanced age with comorbid conditions, and being
symptomatic at admission were significantly associated with
ICU admission during hospital stay (Table 3).

Hematological parameters, including platelet count, pro-
thrombin time (PT), antithrombin levels, protein S level,
protein C levels, d-dimer, soluble fibrinogen (FIB), factor
VIII (FVIII) levels, and von Willebrand factor (VWF) antigen
levels at the time of hospital are listed in Table 4.

Overall Outcome
Besides older age and having an ICU visit, patients presenting with
comorbid conditions, especially diabetes and malignancy, higher
COVID-19 stage, having DIC score of 4 or above, higher VTE
score, d-dimer and fibrinogen, and platelets below 140×109/L
were significantly associated with mortality (Tables 3 and 4).

400 (94.1%) patients in our cohort survived. Of the 425
patients, 306 did not require ICU admission, while 417 did
not report any thrombotic events. The median BMI of our
cohort was 28.4, with an elevated BMI of 38.4 in patients
reporting thrombosis. The comorbidities observed in our
cohort were hypertension (40.2%), diabetes (36.5), hyperlipid-
emia (18.1%), malignancy (6.8%), previous VTE (1.6%), and
bleeding (0.5%). Pre-existing comorbidities were a significant
risk factor for mortality (P–value .036), with diabetes (P–
value .050) and malignancy (P–value .021) being the most sig-
nificant risk factors. Stage B was the most common disease pre-
sentation. However, in patients with thrombosis, the most
common presentation was stage D. Stage of the disease, ICU
admission, and DIC score were associated with determining
the risk of a fatal outcome (P–value <0.001). We found that
the cut-off value of 1.2 for INR, 4 for DIC, and 5 for VTE
score had higher sensitivity & specificity to predict mortality.
Enoxaparin was observed to be the most effective prophylactic
treatment to prevent death (P–value <.001).

Laboratory Changes
Platelet count was ≥140×109/L–<250×109/L for most of our
cohort with no thrombotic event. In 3 out of 8 patients with throm-
bosis, the platelet count was <140×109/L. D-dimer level was
>0.5–<1.0 µg/mL in 3 patients with thrombosis, ≥1.0–<2.0 µg/
mL in another 3 patients, while 2 patients had level >5 µg/mL.
The details of hematological markers are presented in Table 4.
Platelet count was significantly associated with thrombosis risk
(P–value .033), ICU admission (P–value .002), and mortality
(P–value .002). FIB level was associated with ICU admission

(P–value <.001) and thrombosis risk (P–value .055). D-dimer
was also associated with the risk of thrombosis (P–value .012),
ICU admission (P value<.001), and mortality (P value<.001).
PT, AT, Protein C, Protein S, vWF:Ag and FVIII were not asso-
ciated with the risk of thrombosis, ICU admission or death.

WBC count, neutrophil count, lymphocytes count did not
change significantly from the time of admission to day-7 but
increased significantly from day 7 to 14. Platelet count
increased gradually from the time of admission to day-14.
There was a significant increase in the levels of C reactive
protein, creatinine, monocyte count, PT, and PTT from the
time of admission to day-14. Fibrinogen level declined during
the hospital stay. HgB count and INR didn’t change signifi-
cantly throughout the study. The trends observed in hematolog-
ical markers are summarized in Supplement table A.

Discussion
There is reported male preponderance reflecting more severe
disease and an increased tendency for coagulopathy among
males.28–30 Likewise, we observed male preponderance in our
cohort with 53.4% males. Initial reports on COVID-19 have
shown male preponderance,31 increased risk of mortality due
to COVID-19,28,32 and increased prevalence of comorbidities
such as cardiopulmonary diseases. Male patients, especially
from advanced age groups, are also at increased risk of
extended hospital stays and a slower recovery.33 ACE-2 expres-
sion differences have been proposed to mediate the risk and
severity of COVID-19 based on gender,34 however, further
studies are required to confirm this proposition. Another molec-
ular factor that has been proposed to mediate the disease
severity of COVID-19 among elderly males is testosterone.35

However, the precise mechanisms that control the gender-based
risk and severity of COVID-19 have yet to be deciphered.

There are varied reports on the incidence of thrombosis among
hospitalized COVID-19 patients, as high as 28%.20 The incidence
of thromboembolism was 31% in a Dutch ICU-admitted popula-
tion.36 However, we found a much lower incidence of VTE (n=
8, 1.9%) in our cohort. Our study further investigated the incidence
of thrombosis and overall survival for hospitalized patients with
COVID-19. The risk of VTE events remains the highest in hospi-
talized patients,16–19 with VTE incidence in those patients ranging
between 12–28%.20 In a multicenter Saudi study conducted on
636 COVID-19 patients, the risk of VTEs was higher in ICU
patients (10.3%) than non-ICU group (0.19%). In the same
study, the rate of arterial thrombotic events was 0.94% in
non-ICU patients compared to 8.4% in the ICU group.21 Tang
et al has reported that only 0.6% of survivors met the criteria of
disseminated intravascular coagulation (DIC) compared to
71.4% of non-survivors.22 In a retrospective study that included
6153 patients, the risk of VTE was 7.2% in patients requiring
mechanical ventilation, <1% in hospital-discharged patients, and
0.14% after a single ER visit.37 Likewise, our cohort also
showed higher trends of VTEs and associated mortalities in hospi-
talized patients. In total, eight (1.9%) patients developed thrombo-
sis during admission, with four events of pulmonary embolism.
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Table 4. Hematological and coagulation related parameters at admission of COVID-19 infected patients

Parameters
No Thrombotic

event (417, 98.1%)
Thrombosis
(8, 1.9%) P value

No ICU visit
(306, 72%)

With ICU visit
(119, 28%)

P
value

Survivors
(400, 94.1%)

Non-survivros
(25, 5.9%)

P
value

Platelets .033 .002 .002
<140× 109/L 53 (94.6%) 3 (5.4%) 30 (53.6%) 26 (46.4%) 46 (82.1%) 10 (17.9%)
≥140–<250×
109/L

246 (99.2%) 2 (0.8%) 185 (74.6%) 63 (25.4%) 237 (95.6%) 11 (4.4%)

≥250–<450×
109/L

105 (98.1%) 2 (1.9%) 83 (77.6%) 24 (22.4%) 104 (97.2%) 3 (2.8%)

≥450× 109/L 10 (90.9%) 1 (9.1%) 5 (45.5%) 6 (54.5%) 10 (90.9%) 1 (9.1%)
PT

<12.0 s — — .080 — — .936 — — .220
≥12–<13.0 s 28 (96.6%) 1 (3.4%) 20 (69.0%) 9 (31.0%) 28 (96.6%) 1 (3.4%)
≥13.0–<14.5 s 122 (100%) — 88 (72.1%) 34 (27.9%) 118 (96.7%) 4 (3.3%)
≥14.5 s 233 (97.1%) 7 (2.9%) 171 (71.2%) 69 (28.8%) 221 (92.1%) 19 (7.9%)

d-dimer .077 <.001 <.001
≤ 0.5 µg/mL 166 (99.4%) 1 (0.6%) 149 (89.2%) 18 (10.8%) 167 (100%) None
Above 0.5 µg/
mL

195 (96.5%) 7 (3.5%) 121 (59.9%) 81 (40.1%) 181 (89.6%) 21 (10.4%)

d-dimer .012 <.001 <.001
< 1.0 µg/mL 268 (98.9%) 3 (1.1%) 224 (82.7%) 47 (17.3%) 267 (98.5%) 4 (1.5%)
≥1.0–<2.0 µg/
mL

56 (94.9%) 3 (5.1%) 30 (50.8%) 29 (49.2%) 49 (83.1%) 10 (16.9%)

≥2.0–<5.0 µg/
mL

26 (100%) — 11 (42.3%) 15 (57.7%) 21 (80.8%) 5 (19.2%)

≥5.0 µg/mL 11 (84.6%) 2 (15.4%) 5 (38.5%) 8 (61.5%) 11 (84.6%) 2 (15.4%)
FIB .055 <.001 .104

<2.0 g/L 8 (80.0%) 2 (20.0%) 6 (60.0%) 4 (40.0%) 9 (90.0%) 1 (10.0%)
≥2.0–<3.0 g/L 37 (100%) - 33 (89.2%) 4 (10.8%) 37 (100%) —

≥3.0–4.3 g/L 113 (98.3%) 2 (1.7%) 98 (85.2%) 17 (14.8%) 110 (95.7%) 5 (4.3%)
≥4.3 g/L 150 (97.4%) 4 (2.6%) 87 (56.5%) 67 (43.5%) 140 (90.9%) 14 (9.1%)

Antithrombin .121 .990 .200
<50.0% — — — —

≥50.0–<80% 99 (96.1%) 4 (3.9%) 74 (71.8%) 29 (28.2%) 93 (90.3%) 10 (9.7%)
≥80–<100% 143 (97.9%) 3 (2.1%) 104 (71.2%) 42 (28.8%) 139 (95.2%) 7 (4.8%)
≥100% 165 (99.4%) 1 (0.6%) 120 (72.3%) 46 (27.7%) 158 (95.2%) 8 (4.8%)

Protein C .616 .296
<0.5 mg/dL 1 (100%) — — 1 (100%) 1 (100%) — 1.000
≥0.5–<0.8 mg/
dL

153 (97.5%) 4 (2.5%) 117 (74.5%) 40 (25.5%) 147 (93.6%) 10 (6.4%)

≥0.8–<1.0 mg/
dL

134 (97.8%) 3 (2.2%) 94 (68.6%) 43 (31.4%) 129 (94.2%) 8 (5.8%)

≥1.0 mg/dL 119 (99.2%) 1 (0.8%) 87 (72.5%) 33 (27.5%) 113 (94.2%) 7 (5.8%)
Protein S .342 .659 .428

<0.5 mg/dL 9 (100%) — 5 (55.6%) 4 (44.4%) 9 (100%) —

≥0.5–<0.8 mg/
dL

264 (97.1%) 8 (2.9%) 194 (71.3%) 78 (28.7%) 256 (94.1%) 16 (5.9%)

≥0.8–<1.0 mg/
dL

88 (100%) — 65 (73.9%) 23 (26.1%) 80 (90.9%) 8 (9.1%)

≥1.0 mg/dL 46 (100%) — 34 (73.9%) 12 (26.1%) 45 (97.8%) 1 (2.2%)
vWF:Ag .643 .323 1.000

<1.0 332 (98.2%) 6 (1.8%) 247 (73.1%) 91 (26.9%) 317 (93.8%) 21 (6.2%)
≥1.0 74 (97.4%) 2 (2.6%) 51 (67.1%) 25 (32.9%) 72 (94.7%) 4 (5.3%)

FVIII .719 .310 .247
<0.5 1 (100%) — — 1 (100%) 1 (100%) —

≥0.5–<0.8 211 (97.7%) 5 (2.3%) 153 (70.8%) 63 (29.2%) 199 (92.1%) 17 (7.9%)
≥0.8–<1.0 111 (99.1%) 1 (0.9%) 85 (75.9%) 27 (24.1%) 106 (94.6%) 6 (5.4%)
≥1.0 84 (97.7%) 2 (2.3%) 60 (69.8%) 26 (30.2%) 84 (97.7%) 2 (2.3%)

Note: Data are presented as number (percent).
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The remaining four thrombotic events were observed in the infe-
rior vena cava, internal jugular, and portal vein, with one patient
having a stroke. We observed that the incidence of thrombosis
was associated with the ICU admission, higher DIC and VTE
score, d-dimer, BMI, COVID-19 stage, platelet count of >450×
109/L, age, comorbid conditions, and being symptomatic at the
time of hospital admission. This contrasts with a previous study
that reported a lack of association between clinical pulmonary
thromboembolism in patients at the ICU with D-dimer, CRP,
and ferritin levels.38

The administration of prophylactic anticoagulants had been
shown to decrease the VTE incidence, mortality, and admission
to the ICU in severe COVID-19 patients who have met the
sepsis-induced coagulopathy (SIC) criteria or have markedly
elevated D-dimers.22 In another study conducted on the
Caucasian population, the risk of thrombosis was significantly
reduced by thromboprophylaxis.39 The American Society of
Hematology (ASH) guideline panel has suggested the use of
prophylactic-intensity for critically ill and acutely infected
COVID-19 patients without any suspected or confirmed
VTE.40 According to the hospital guidelines, the VTE prophy-
laxis was administered to 394 (92.7%) patients in our cohort.
Using these anticoagulant agents was probably associated
with reduced thrombotic events and mortality rates in our
cohort compared to previous studies reporting thrombotic
events and mortality rates in patients visiting hospitals due to
COVID-19. Previously reported studies suggested that using
these anticoagulants can significantly improve the disease prog-
nosis and reduce COVID-19 mortality. Administration of
therapeutic-dose anticoagulation with heparin or usual care
pharmacological thromboprophylaxis in 2219 patients showed
an increased probability of survival to hospital discharge with
reduced use of organ support.41 In another multicenter study
conducted worldwide, similar results were replicated. Three
clinical trial platforms spanning five continents in more than
300 hospitals observed the effects of full doses of heparin in
1000 moderately ill COVID-19 patients.42 The use of doses
other than standard-dose prophylactic anticoagulant did not
show any significant differences in the primary outcome of a
composite of adjudicated venous or arterial thrombosis, treat-
ment with extracorporeal membrane oxygenation, or mortality
within 30 days.43 Race and ethnicity have major effects on
thrombotic risk.44,45 However, the studies published for evalu-
ating the role of thromboprophylaxis in reducing the risk of
thrombosis in COVID-19 from around the globe have shown
promising results for all populations. Considering these
studies and our findings, we propose using thromboprophylaxis
in all hospitalized COVID-19 patients.

Most of our patients presented with mild to moderate symp-
toms, however, the ICU admission rate was 28%, much higher
than pooled ICU admission rates of 10.9%.46 The global mor-
tality rates have been reported to be around 3.4% in a media
briefing on COIVD-19 on March 3, 2021.47 The pooled mortal-
ity rate from 23 studies was reported to be 4.3 (95% CI:
1.0-9.1). The overall mortality rate for our cohort of patients
was 5.9%, slightly higher than the reported data. However,

we were examining only patients with hospital visits, and there-
fore the mortality rate is only for the hospitalized patients.
Grasselli et al48 reported the mortality rates in hospital and
ICU-admitted patients of 12 (95% CI: 11-12) and 27 (95%
CI: 26-29) per 1000 patient-days, respectively, with 53.4%
deaths in the ICU-admitted patients.

Conclusion
COVID-19 patients, especially those admitted to ICU, are at
higher risk of thrombosis, leading to increased mortality. The
administration of prophylactic anticoagulants can reduce the risk
of thrombotic events and the associated mortality. Various trials
are being conducted worldwide to further explore therapeutic
options that can help determine an optimal dose. Patient-specific
dose determination can also be employed for further reducing
the risk of any thrombotic event in patients with comorbidities.

Authors’ Contribution
TO &MS designed & developed the study. Both authors were respon-
sible for content & authenticity. AMA, AA, KM, MO oversaw data
collection, data entry. KS, KA & RA carried out a final review of
data and analysis. All authors were responsible for the direction of
the study team and the facilitation of the project plan.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval
The study was approved by the Institutional Review Board of King
Faisal Specialist Hospital and Research Centre, Kingdom of Saudi
Arabia, under approval # RAC KFSHRC (2201086).

Informed Consent
All authors consent for publication.

ORCID iDs
Tarek Owaidah https://orcid.org/0000-0002-1856-2381
Randa Alnounou https://orcid.org/0000-0002-0134-5698
Hadeel AlOtair https://orcid.org/0000-0002-1385-6268

Trial Registration

Availability of Data and Materials
Furnished upon request.

Funding
The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Supplemental Material
Supplemental material for this article is available online.

Owaidah et al. 7

https://orcid.org/0000-0002-1856-2381
https://orcid.org/0000-0002-1856-2381
https://orcid.org/0000-0002-0134-5698
https://orcid.org/0000-0002-0134-5698
https://orcid.org/0000-0002-1385-6268
https://orcid.org/0000-0002-1385-6268


References

1. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and throm-
botic or thromboembolic disease: implications for prevention, antith-
rombotic therapy, and follow-Up: JACC state-of-the-Art review.
J Am Coll Cardiol. 2020;75(23):2950-2973.

2. Boccia M, Aronne L, Celia B, et al. COVID-19 and coagulative
axis: review of emerging aspects in a novel disease. Monaldi
Arch Chest Dis. 2020;90(2):1300.

3. Guan W-j, Ni Z-y, Hu Y, et al. Clinical characteristics of coronavirus
disease 2019 in China. N Engl J Med. 2020;382(18):1708-1720.

4. Günertem E, Akay T, Aliyev A, et al. Treatment and prophylaxis
strategies for deep vein thrombosis during COVID-19 outbreak.
Turk J Vasc Surg. 2020;29(3):203-207.

5. Iba T, Levy JH, Levi M, Connors JM, Thachil J. Coagulopathy of
coronavirus disease 2019. Crit Care Med. 2020;48(9):1358-1364

6. Song J-C, Wang G, Zhang W, et al. Chinese Expert consensus on
diagnosis and treatment of coagulation dysfunction in COVID-19.
Mil Med Res. 2020;7(1):19.

7. Vivas D, Roldán V, Esteve-Pastor MA, et al. Recomendaciones
sobre el tratamiento antitrombótico durante la pandemia
COVID-19. Posicionamiento del grupo de trabajo de trombosis
cardiovascular de la sociedad española de cardiología. Revista
Española de Cardiología. 2020;73(9):749-757.

8. (WHO)WHO.WHOCoronavirus (COVID-19) dashboard: global
situation 2021 [updated 27th May, 2021; cited 2021 28th May].
Available from: https://covid19.who.int/

9. Wichmann D, Sperhake J-P, Lütgehetmann M, et al. Autopsy
findings and venous thromboembolism in patients with
COVID-19: a prospective cohort study. Ann Intern Med.
2020;173(4):268-277.

10. Xu X, Chang X, Pan H, et al. Pathological changes of the spleen in
ten patients with coronavirus disease 2019 (COVID-19) by post-
mortem needle autopsy. Zhonghua bing li xue za zhi=Chinese
J Pathol. 2020;49(6):576-582.

11. Klok F, Kruip M, Van der Meer N, et al. Confirmation of the high
cumulative incidence of thrombotic complications in critically ill
ICU patients with COVID-19: an updated analysis. Thromb Res.
2020;191(20):148-150.

12. Hanff TC, Mohareb AM, Giri J, Cohen JB, Chirinos JA. Thrombosis
in COVID-19. Am J Hematol. 2020;95(12):1578-1589.

13. Juthani P, Bhojwani R, Gupta N. Coronavirus disease 2019
(COVID-19) manifestation as acute myocardial infarction in a
young, healthy male. Case Rep Infect Dis. 2020;11(20):8864985.

14. Oxley TJ, Mocco J, Majidi S, et al. Large-vessel stroke as a pre-
senting feature of COVID-19 in the young. N Engl J Med.
2020;382(20):e60.

15. McFadyen JD, Stevens H, Peter K. The emerging threat of (micro)
thrombosis in COVID-19 and its therapeutic implications. Circ
Res. 2020;127(4):571-587.

16. Llitjos JF, Leclerc M, Chochois C, et al. High incidence of venous
thromboembolic events in anticoagulated severe COVID-19
patients. J Thromb Haemostasis. 2020;18(7):1743-1746.

17. Lodigiani C, Iapichino G, Carenzo L, et al. Venous and arterial
thromboembolic complications in COVID-19 patients admitted to
an academic hospital in Milan, Italy. Thromb Res. 2020;191:9-14.

18. Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous throm-
boembolism in patients with severe novel coronavirus pneumonia.
J Thromb Haemostasis. 2020;18(6):1421-1424.

19. Poissy J, Goutay J, Caplan M, et al. Pulmonary embolism in
patients with COVID-19: awareness of an increased prevalence.
Circulation. 2020;142(2):184-186.

20. Helms J, Severac F, Merdji H, Anglés-Cano E, Meziani F.
Prothrombotic phenotype in COVID-19 severe patients.
Intensive Care Med. 2020;46(7):1502-1503.

21. Al Raizah A, Al Askar A, Shaheen N, et al. High rate of bleeding
and arterial thrombosis in COVID-19: Saudi multicenter study.
Thromb J. 2021;19(1):1-9.

22. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treat-
ment is associated with decreased mortality in severe coronavirus
disease 2019 patients with coagulopathy. J Thromb Haemostasis.
2020;18(5):1094-1099.

23. Perepu U, Chambers I, Wahab A, et al. Standard prophylactic
versus intermediate dose enoxaparin in adults with severe
COVID-19: a multi-center, open-label, randomised controlled
trial. Open-Label, Randomised Controlled Trial.
2021;19(9):2225-2234.

24. Ali MAM, Spinler SA. COVID-19 and thrombosis: from bench to
bedside. Trends Cardiovasc Med. 2021;31(3):143-160.

25. Chen N, Zhou M, Dong X, et al. Epidemiological and clinical charac-
teristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: a descriptive study. The Lancet. 2020;395(10223):507-513.

26. Helms J, Tacquard C, Severac F, et al. High risk of thrombosis in
patients with severe SARS-CoV-2 infection: a multicenter prospec-
tive cohort study. Intensive Care Med. 2020;46(6):1089-1098.

27. Barbar S, Noventa F, Rossetto V, et al. A risk assessment model
for the identification of hospitalized medical patients at risk for
venous thromboembolism: the Padua prediction score. J Thromb
Haemostasis. 2010;8(11):2450-2457.

28. Chen T, Wu D, Chen H, et al. Clinical characteristics of 113
deceased patients with coronavirus disease 2019: retrospective
study. Br Med J. 2020;26(368):m1091.

29. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospi-
talized patients with 2019 novel coronavirus–infected pneumonia
in Wuhan, China. Jama. 2020;323(11):1061-1069.

30. Yang X, Yang Q, Wang Y, et al. Thrombocytopenia and its asso-
ciation with mortality in patients with COVID-19. J Thromb
Haemostasis. 2020;18(6):1469-1472.

31. Li LQ, Huang T, Wang YQ, et al. COVID-19 patients’ clinical
characteristics, discharge rate, and fatality rate of meta-analysis.
J Med Virol. 2020;92(6):577-583.

32. Leung C. Clinical features of deaths in the novel coronavirus epi-
demic in China. Rev Med Virol. 2020;30(3):e2103.

33. Mo P, Xing Y, Xiao Y, et al. Clinical characteristics of refractory
COVID-19 pneumonia in Wuhan, China. Clin Infect Dis.
2021;73(11):e4208-e4213.

34. Kopel J, Perisetti A, Roghani A, Aziz M, Gajendran M, Goyal H.
Racial and gender-based differences in COVID-19. Front Public
Health. 2020;8(1):418.

35. Papadopoulos V, Li L, Samplaski M. Why does COVID-19 kill
more elderly men than women? Is there a role for testosterone?
Andrology. 2021;9(1):65-72.

8 Clinical and Applied Thrombosis/Hemostasis

https://covid19.who.int/
https://covid19.who.int/


36. Klok FA, Kruip M, van der Meer NJM, et al. Incidence of throm-
botic complications in critically ill ICU patients with COVID-19.
Thromb Res. 2020;191:145-147.

37. Hill JB, Garcia D, Crowther M, et al. Frequency of venous throm-
boembolism in 6513 patients with COVID-19: a retrospective
study. Blood Adv. 2020;4(21):5373-5377.

38. Mulder MM, Brandts L, Brüggemann RA, et al. Serial markers
of coagulation and inflammation and the occurrence of clinical
pulmonary thromboembolism in mechanically ventilated
patients with SARS-CoV-2 infection; the prospective maas-
tricht intensive care COVID cohort. Thromb J.
2021;19(1):1-12.

39. Fogarty H, Townsend L, Ni Cheallaigh C, et al. COVID19
Coagulopathy in Caucasian patients. Br J Haematol. 2020;189-
(6):1044-1049.

40. Cuker A, Tseng EK, Nieuwlaat R, et al. American Society of
hematology 2021 guidelines on the use of anticoagulation for
thromboprophylaxis in patients with COVID-19. Blood Adv.
2021;5(3):872-888.

41. Lawler PR, Goligher EC, Berger JS, et al. Therapeutic anticoagu-
lation in Non-critically Ill patients with COVID-19. medRxiv.
2021:2021.05.13.21256846.

42. Full-dose blood thinners decreased need for life support and
improved outcome in hospitalized COVID-19 patients [press
release]. 22nd January, 2021 2021.

43. Sadeghipour P, Talasaz AH, Rashidi F, et al. Effect of
intermediate-dose vs standard-dose prophylactic anticoagulation
on thrombotic events, extracorporeal membrane oxygenation
treatment, or mortality among patients with COVID-19 admitted
to the intensive care unit: the INSPIRATION randomized clinical
trial. Jama. 2021;325(16):1620-1630.

44. White RH, Keenan CR. Effects of race and ethnicity on the incidence
of venous thromboembolism. Thromb Res. 2009;123(9):S11-SS7.

45. Huang D, Wong E, Zuo M-L, et al. Risk of venous thromboembo-
lism in Chinese pregnant women: Hong Kong venous thromboem-
bolism study. Blood Res. 2019;54(3):175-180.

46. Zhou P, Yang X-L, Wang X-G, et al. A pneumonia outbreak asso-
ciated with a new coronavirus of probable bat origin. Nature.
2020;579(7798):270-273.

47. World Health Organization (WHO) Media briefing on COVID-19
– 3 March 2020 [press release]. 3rd March, 2020 2020.

48. Grasselli G, Greco M, Zanella A, et al. Risk factors associated With
mortality Among patients With COVID-19 in intensive care units in
Lombardy, Italy. JAMA Intern Med. 2020;180(10):1345-1355.

Owaidah et al. 9


	 Introduction
	 Methods
	 Study Design and Participants
	 Data Collection
	 Laboratory Analysis
	 COVID-19 Stages
	 Statistical Analysis

	 Results
	 VTE Score, Anticoagulation Prophylaxis and Thrombosis
	 Overall Outcome
	 Laboratory Changes

	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


