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Abstract
Background: There is uncertainty about the appropriate dosing regimen, safety, bleeding risk, and the
predisposing factors for thrombosis/bleeding risk in critically ill COVID-19 patients. Also, the available
evidence is limited and depends either on observational studies or randomized trials with small sample
size. Thus, the aim of the study is to determine the optimal dosing of pharmacological VTE prophylaxis in
critically ill patients with COVID-19 patients.
Methods: A multicenter, retrospective, cohort study conducted at two governmental tertiary hospitals in
Saudi Arabia. All critically ill COVID 19 patients who received pharmacological VTE prophylaxis and were
admitted to Intensive Care Units (ICUs) between March 1st, 2020 to January 31st, 2021 were included.
Patients who received Standard dosing VTE prophylaxis were compared to patients who received high
dosing pharmacological VTE prophylaxis.
Results: A total of 758 patients were screened; 565 patients were included in the study. We matched 352
patients using propensity score matching (1:1) according to the baseline severity scores (i.e., APACHE II
score, SOFA score), history of CKD, and AKI within 24 hours of ICU admission. The differences in venous
thromboembolism (OR (95%CI): 0.75 (0.16–3.38), p-value = 0.70) and any case of thrombosis (OR
(95%CI): 1.22 (0.52–2.86), p-value = 0.64) were not statistically significant between the two groups. In
contrast, minor bleeding was associated with the use of high dosing regimen of VTE prophylaxis (OR
(95%CI): 3.39 (1.08–10.61), p-value = 0.04). There was no difference in the 30-day ICU mortality nor inhospital mortality between the two groups (OR (95%CI): 1.26 (0.77–2.05), p-value = 0.36 and OR (95%CI):
1.05 (0.66–1.68), p-value = 0.83 respectively).
Conclusion: High dosing pharmacological VTE prophylaxis in critically ill COVID-19 patients was not
associated with VTE, thrombosis, or mortality benefits but led to an increased risk of minor bleeding.
Further randomized clinical and interventional studies are required to confirm our findings.

Background
Coronavirus disease 2019 (COVID-19) is an infectious disease that caused pandemic and serious global
issues, caused by an RNA virus named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
The clinical presentation of infected patients is heterogeneous, ranging from asymptomatic to severe
pneumonia accompanied with complications like respiratory failure, leading to mechanical ventilation
and ICU admission, or death (1). Several risk factors were reported to be associated with increased
mortality of COVID-19 hospitalized patients. Including elevated D-dimer level (> 1mcg/ml), older ages,
cardiovascular diseases, diabetes mellitus, obesity, and high baseline sequential organ failure
assessment (SOFA) score (2,3). One of the crucial aspects of the severe phase of COVID-19 is host
inflammatory response. The excess release of the host’s cytokines leads to capillary damage, thrombosis,
and organ dysfunction (3).
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Although COVID-19 targets mainly the respiratory system, several organs can be predisposed, including
the vascular system. The pathogenesis of vascular damage involves several mechanisms; excessive
proinflammatory cytokines causing systemic inflammation and endothelial dysfunction were among the
most important mechanisms. In turn, abnormal function of prothrombic endothelial and platelet
activation leads to prothrombic events (2). A recently published meta-analysis that involved 42 studies
reported the rates of venous thromboembolism (VTE), deep venous thrombosis (DVT), pulmonary
embolism (PE) in COVID-19 patients were 21%, 20%, 13%, respectively. Those rates in critically ill COVID19 patients were remarkably higher (31%, 28%, 19%), respectively. Besides, the risk of mortality with
COVID-19 was significantly higher in patients who experienced thromboembolic events (4). In a recent
multicenter cohort study, the rate of thrombosis was 11.4% in COVID-19 ICU patients regardless of
anticoagulants prophylaxis use (5). Consequently, the International Society of Thrombosis and
Hemostasis (ISTH) and The American Society of Hematology (ASH) recommend the use of prophylactic
anticoagulants in all COVID-19 hospitalized patients (whether critically ill or not) unless there is a
contraindication or evidence of increases the risk of bleeding (4).
Dosing of anticoagulation prophylaxis in critically ill COVID-19 patients remains a considerable
controversy. Current regimes rely more on physicians’ decisions and expert opinions besides the fact that
some experts push for higher anticoagulant doses due to the severity of the disease in ICU patients(4). A
retrospective observation trial found a decrease in the mortality rate with anticoagulant treatment doses,
although they were more presumably to require mechanical ventilation (6). In addition, several trials are
ongoing that aim to provide robust evidence regarding the role and dosing of anticoagulants in COVID-19
patients (7, 8, 9).
There is uncertainty about the appropriate dosing regimen, safety, bleeding risk, and the predisposing
factors for thrombosis/bleeding risk in critically ill COVID-19 patients. Also, the available evidence is
limited and depends either on observational studies or randomized trials with small sample size. Thus,
the aim of the study is to determine the optimal dosing of pharmacological VTE prophylaxis in critically ill
patients with COVID-19 patients.

Methods
Study design and setting
A multicenter, retrospective cohort study was conducted for critically ill patients aged ≥ 18-years with
confirmed COVID-19 who were admitted to the ICUs at two tertiary hospitals in Saudi Arabia from March
01, 2020, until January 31, 2021. Patients were excluded if not on pharmacological VTE prophylaxis, on
low dose VTE prophylaxis (i,e, Enoxaparin < 40 mg/day or UFH 15000 U/day), on treatment dose of
anticoagulation for other indication (s) (e.g., Atrial fibrillation.), active bleeding within 24 hours of ICU
admission and/or have platelets count < 50,000 109/L.
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Eligible patients were classified into two groups based on the VTE prophylaxis dosing intensity (Standard
vs. high dosing) during ICU stay. Patients were followed during ICU stay. The two included hospitals were
King Abdulaziz University Hospital, Jeddah (the primary site), and King Abdulaziz Medical City, Riyadh.
The Biomedical ethical research committee approved the study at King Abdulaziz University Hospital with
Reference No 554 − 20.
Data collection
We collected demographic data (See additional file 1), comorbidities, vital signs and laboratory tests,
Acute Physiology and Chronic Health Evaluation II (APACHE II), Sequential Organ Failure Assessment
(SOFA) and Nutrition Risk in Critically ill (NUTRIC) scores, Padua score, Glasgow Coma Score (GCS),
acute kidney injury, fluid balance, mechanical ventilation (MV) needs and MV parameters (e.g.,
PaO2/FiO2 ratio, Fio2 requirement) and inflammatory markers (CRP, procalcitonin) within 24 hours of ICU
admission. Also, renal profile, liver function tests (LFTs), coagulation profile (i.e., INR, aPTT, fibrinogen)
within 24 hours of ICU admission were collected. During ICU stay, radiological findings (using Ultrasound
or CT scan as appropriate), major/minor bleeding data, and RBCs transfusion were recorded for the
eligible patients. All patients were followed until they were discharged from the hospital or died during the
in-hospital stay, whichever occurred first.
Outcomes
The primary endpoint was the incidence of thrombosis. The secondary endpoints were the related
complication (s) during ICU stay (i.e., major bleeding, minor bleeding, RBC transfusion during ICU stay,
respiratory failure requires MV), hospital LOS, ICU LOS, MV duration, 30-day ICU, in-hospital mortality, and
ICU-readmission within 3 months.
Definition (s)
Standard dosing VTE prophylaxis is defined as using either Enoxaparin 40 mg/day or Unfractionated
heparin (UFH) 15000 U/day.
High dosing VTE prophylaxis is defined as using VTE prophylaxis doses above the standard dosing
but not as treatment dose.
Treatment dose defined as using either Enoxaparin 1mg/kg q12hr (or 1.5mg/kg q24hr) or
Unfractionated heparin (UFH) infusion.
Major bleeding was defined as clinically overt bleeding associated with a fall ≥ Hb 20g/L,
transfusion of ≥ 2U PRBC or whole blood, retroperitoneal or intracranial bleeding, or requiring urgent
medical intervention. While minor bleeding was defined as those not fulfilling the criteria of major or
clinically significant bleeding.
Acute kidney injury (AKI) was defined using Acute Kidney Injury Network (AKIN) definition.
Respiratory failure was defined as either hypoxemic respiratory failure (PaO2 < 60 mm Hg with a
normal or low arterial carbon dioxide tension (PaCO2) or hypercapnic respiratory failure (PaCO2 > 50
mm Hg) that requires invasive mechanical ventilation.
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Thrombosis/infraction was defined using the International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD10-CM) code (i.e., myocardial infarction (MI), ischemic stroke,
pulmonary embolism, deep vein thrombosis) during ICU stay.
Data management and Statistical analysis
We presented numerical variables (continuous variables) as mean and standard deviation (SD), or
median and interquartile range (IQR), and categorical variables as number (percentage) as appropriate.
The normality assumptions were assessed for all numerical variables using a statistical test (i.e.,
Shapiro–Wilk test) and graphical representation (i.e., histograms and Q-Q plots).
We compared categorical variables using the chi-square or Fisher exact test. We compared the normally
distributed continuous variables using unpaired student t-test and other non-normally distributed
continuous variables with the Mann-Whitney U test. Baseline characteristics, baseline severity, and
outcome variables were compared between the two groups. Multivariate logistic regression and
generalized linear were used to find out the relationship between different regimens of VTE prophylaxis
with different outcomes considered in this study after adjusting for the severity score (APACHE II and
SOFA score), history of chronic kidney disease (CKD), and acute kidney injury (AKI) within 24 hours of ICU
admission. The odds ratios (OR) and estimates with the 95% confidence intervals (CI) were reported for
the associations.
We assessed model fit using the Hosmer-Lemeshow goodness-of-fit test. No imputation was made for
missing data as the cohort of patients in our study was not derived from random selection. We
considered a P-value of ≤ 0.05 statistically significant, and we used SAS version 9.4 for all statistical
analyses.

Results
Among 758 patients screened, 565 patients were included in the study who received pharmacological
VTE prophylaxis at ICU admission. Patient characteristics and demographic data are described in
supplemental data (Additional file 1). The high dosing regimen of pharmacological VTE prophylaxis was
given to 185 patients, whereas 380 patients received a standard dosing regimen. We matched 352
patients using propensity score matching (1:1) according to the baseline severity scores (i.e., APACHE II
score, SOFA score), history of CKD, and AKI within 24 hours of ICU admission. We observed that all
included patients received early pharmacological VTE prophylaxis within 24 hours of ICU admission with
96.4 % and 95.8% in standard and high dosing regimens, respectively.
Demographic and Clinical Characteristics
Most of the patients in both groups were men (72.3%), and the average age of the patients was 60.9 ± 14
years (Additional file 1). Severity scores (i.e., APACHE II and SOFA scores), procalcitonin levels, fibrinogen
levels, serum creatinine, acute kidney injury within 24 hours of ICU admission were higher in patients who
received standard dosing of pharmacological VTE prophylaxis (Additional file 1). The most common
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comorbidities in both arms were diabetes mellitus (60%), hypertension (55.9%), and dyslipidemia (22.8%).
Moreover, chronic kidney disease and history of VTE were higher in standard dosing compared with high
dosing of pharmacological VTE prophylaxis (Additional file 2). There were no significant differences in
baseline and demographic characteristics after adjustment using propensity score matching for patients’
baseline severity scores and acute kidney injury within 24 hours of ICU admission.
Thrombosis/bleeding during ICU stay
During ICU stay, for patients who received high dosing pharmacological VTE prophylaxis, venous
thromboembolism (OR (95%CI): 0.75 (0.16–3.38), p-value = 0.70) and any case of thrombosis (OR
(95%CI): 1.22 (0.52–2.86), p-value = 0.64) were not significant compared with standard dosing (Table 1).
Table 1
Regression analysis for ICU complication (s) during ICU stay
Outcomes

VTE prophylaxis

Pvalue
^^

Odds Ratio (OR)
(95%CI)

Pvalue

High
dose

Standard
dose

Respiratory Failure Required MV,
n/N (%) $*

23/66
(34.8)

26/73
(35.6)

0.92

0.98 (0.49, 1.96)

0.95

Any Thrombosis During ICU, n/N(%)

13/172
(7.5)

11/175
(6.2)

0.64

1.22 (0.52 ,2.86)

0.64

Venous Thromboembolism (VTE),
n/N(%)

3/176
(1.7)

4/176
(2.27)

0.70

0.75 (0.16 ,3.38)

0.70

Major bleeding, n/N(%)

9/174
(5.2)

7/171
(4.09)

0.63

1.28 (0.46 ,3.53)

0.63

Minor bleeding, n/N(%)

13/173
(7.5)

4/171
(2.3)

0.03

3.39 (1.08
,10.61)

0.04

Requiring RBCs transfusion during
ICU stay, n/N(%)

23/165
(13.9)

29/173
(16.7)

0.47

0.80 (0.44 ,1.46)

0.46

ICU readmission within 3 months,
n/N(%) ¥

10/103
(9.7)

13/112
(11.6)

0.65

0.81 (0.34 ,1.95)

0.63

$

- Denominator of the percentage is the total number of patients.
^^ Chi-square /**Fisher Exact test is used to calculate the P-value.
$ Propensity score after adjusting for patient’s APACHE II score, SOFA score, chronic kidney disease
(CKD), and acute kidney injury (AKI) within 24 hours of ICU admission to calculate Odds ratio and pvalue.
$* Denominator of the percentage is non-mechanically ventilated patients with 24 hours of ICU
admission.
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In patients who received high dosing pharmacological VTE prophylaxis, minor bleeding was higher by 3.5
folds compared with standard dosing of pharmacological VTE prophylaxis (OR (95%CI): 3.39 (1.08–
10.61), p-value = 0.04). The proportion of minor bleeding was 2.3% in the standard dosing compared with
7.5% in patients who received high dosing pharmacological VTE prophylaxis. In term of major bleeding
and requiring RBCs transfusion during ICU stay, there is no statistical differences between the two groups
(OR (95%CI): 1.28 (0.46–3.53), p-value = 0.63) and (OR (95%CI): 0.80 (0.44–1.46), p-value = 0.46),
respectively (Table 1).
Mortality and length of stay
As shown in Table 2, there was no difference in the 30-day ICU mortality nor in-hospital mortality between
the two groups (OR (95%CI): 1.26 (0.77–2.05), p-value = 0.36 and OR (95%CI): 1.05 (0.66–1.68), p-value =
0.83 respectively). During ICU stay, the proportion of death was 27.8 % in the standard dosing compared
with 31.1% in high dosing VTE pharmacological prophylaxis (Table 2).
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Table 2
Regression analysis for the outcomes
Outcomes

VTE prophylaxis

Odds Ratio
(95%CI)

Pvalue
$

Standard
dose

High dose

Pvalue

In-hospital mortality, n/N(%) ∆

62/169
(36.6)

63/167
(37.7)

0.84^^

1.05 (0.66 ,1.68)

0.83

30 day- ICU mortality, n/N(%) ∆

47/169
(27.8)

54/168
(31.1)

0.39^^

1.26 (0.77 ,2.05)

0.36

ICU readmission within 3
months, n/N(%) ¥

10/103
(9.7)

13/112
(11.6)

0.65

0.81 (0.338
,1.946)

0.63

Beta- coefficient
(95%CI)

Pvalue
$*

MV duration, Median (IQR) &

6.0
(1.0,13.0)

3.0
(0.0,10.0)

0.29

-0.17 (-0.58,
0.24)

0.41

ICU Length of Stay Days, Median
(IQR) &

9.0
(5.0,15.0)

8.0
(5.0,13.0)

0.39

-0.12 (-0.31,
0.07)

0.23

Hospital Length of Stay Days,
Median (IQR) &

17.0
(11.0,24.0)

14.0
(10.0,24.0)

0.22

-0.11 (-0.27,
0.06)

0.20

∆ The Denominator is the total number of patients
&* Denominator is the number of patients who have respiratory failure requiring MV during ICU stay
& Denominator is the number of patients who survived.
* Unpaired t-test / ^ Wilcoxon rank-sum test is used to calculate the P-value.
^^ Chi-square test is used to calculate the P-value.
** Fisher Exact test is used to calculate the P-value.
$* Propensity score-adjusted negative binomial regression is used to calculate Beta- coefficient
(estimate) and p-value.
$ Propensity score after adjusting for patient’s APACHE II score, SOFA score, chronic kidney disease
(CKD), and acute kidney injury (AKI) within 24 hours of ICU admission to calculate Odds ratio and pvalue.
¥ Denominator of the percentage is survival in 30-day ICU mortality.

Among survival, no differences were observed between the two dosing regimens in MV duration (Beta
coefficient = -0.17; CI = -0.58,0.24; p = 0.41), ICU LOS (Beta coefficient = -0.12; CI = -0.31, 0.07; p = 0.23)
and hospital LOS (Beta coefficient = -0.11; CI = -0.27, 0.06; p = 0.20) (Table 2).
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Discussion
This multicenter retrospective cohort study showed that for patients who received high dosing
pharmacological VTE prophylaxis, the differences in venous thromboembolism and any thrombosis case
during ICU stay were not significant compared with standard dosing. Furthermore, the odd of minor
bleeding was higher by 3.5 folds in those who received high dosing pharmacological VTE prophylaxis
compared with standard dosing prophylaxis (OR (95%CI): 3.39 (1.08–10.61), p-value = 0.04). There were
no statistical differences between the two groups in terms of major bleeding and requiring RBC
transfusion during ICU stay. Additionally, there was no difference in the 30- day ICU mortality nor inhospital mortality between the two groups.
Venous thromboembolism (VTE) has emerged as a complication for hospitalized COVID-19 patients.
However, the optimal thromboprophylaxis strategy remains uncertain as studies varied in terms of the
patient population, type, and dose of anticoagulation and inclusion/ exclusion criteria.
Risk factors for venous thromboembolism are reduced mobility, acute infective illness, admission for
critical care, and older age. Thus, critically ill patients admitted to the hospital with COVID-19 should
receive pharmacological thromboprophylaxis unless contraindicated. Based on expert opinion, some
clinicians who were already prescribing standard dose thromboprophylaxis with LMWH or unfractionated
heparin increased the dose to intermediate thromboprophylaxis doses or even therapeutic treatment
doses (10,11,12,13). An interim analysis of three randomized trials encompassing about 1000 critically ill
patients with COVID-19 was terminated since those who received therapeutic doses of heparin showed
increased mortality and major bleeding compared to controls (14). Thus, multiple clinical societies
recommend against using treatment doses unless VTE is evident or highly suspected (15,16).
Similar to the results reported by Al-samkari et al., our findings on 352 patients observed no significant
difference between standard VTE prophylaxis dosing and the higher intensity prophylaxis dose in
thrombosis risk (17). The exact thromboprophylaxis dose is unknown, patient characteristics, in addition
to the balance between thrombosis and bleeding risk, are warranted to guide further thromboprophylaxis
intensity as endorsed by clinical societies. Patients who received standard doses had higher severity
scores (i.e., APACHE II and SOFA scores), procalcitonin levels, fibrinogen levels, and AKI. Albeit all these
proposed confounders were further adjusted for baseline differences. Nevertheless, our observation did
not result in a significant difference between the two prophylaxis regimens. Additionally, thrombosis risk
was evaluated in our patients using the (PADUA) score. Our cohorts were similar, with a median PADUA
score of 5 in which both cohorts are classified as high-risk patients for VTE. Similar to other reported
data, in our study, we did not observe any significant difference between standard and high dosing of
pharmacological prophylaxis with major bleeding events. However, there was a significant difference in
minor bleeding events in patients who received high dosing of pharmacological prophylaxis (2.3% vs.
7.5%; P = 0.04). Notably to consider, Al- Samkari et al. did observe a 2.3% rate in WHO Grade 2–3 bleeding
events (17). The high thrombotic risk associated with COVID-19 mandates us to balance the risk between
bleeding and thrombosis. The urge of a randomized clinical trial to address such questions is essential.
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Until then, selection mainly based on patient characteristics and bleeding risk are components to consider
when evaluating thromboprophylaxis intensity.
Our results showed no difference in the 30-day ICU mortality nor in-hospital mortality between the groups.
A recently published randomized control trial reported a non-significant difference between intermediatedose anticoagulants compared to prophylactic dose in COVID-19 ICU patients’ 30-day mortality,
thrombosis, and treatment with extracorporeal membrane oxygenation (ECMO) (13), which was
consistent with our results after propensity score matching. In contrast, Roomi et al. retrospective cohort
study evaluating the impact of therapeutic anticoagulation in COVID-19 patients found lower all-cause
mortality in the therapeutic anticoagulation group compared to prophylactic dosing ((OR 3.05 95% CI
1.15–8.10 p = 0.04) (18). Disease severity differences between the groups might explain the differences
in mortality among the studies. Our analysis's main limitation is the retrospective observational nature of
the study and the possibility of residual confounding despite propensity score matching. Furthermore, the
decision to prescribe standard or high dosing pharmacological VTE prophylaxis to COVID-19 patients
was guided by the institutional and the Ministry of Health treatment protocols which faced a dynamic
change as evidence continued to emerge over time. Moreover, confirmation of clinically evident VTE by
routine screening was a culprit to limit exposure in some cases. Lastly, VTE prophylaxis dose adjustment
based on patient characteristics might have reflected the results.

Conclusion
Our multicenter, retrospective cohort study showed that high dosing pharmacological VTE prophylaxis in
critically ill COVID-19 patients was not associated with VTE, thrombosis, or mortality benefits but was
linked to an increased risk of minor bleeding. Further randomized clinical and interventional studies are
required to confirm our findings.
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