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Purpose: Venous thromboembolism (VTE), a major complication that has been reported in patients with COVID-19, is associated
with an increased risk of mortality. The purpose of this study was to compare in-hospital mortality among hospitalized patients with
COVID-19 who received high-intensity versus standard-intensity thromboprophylactic anticoagulation.
Patients and Methods: A secondary database analysis was conducted using data for adult patients who were hospitalized for
COVID-19 in Saudi Arabia and received enoxaparin for thromboprophylaxis during their hospitalization. While enoxaparin 40 mg
daily is considered the standard-intensity, doses higher than the standard but not to reach the therapeutic dose were considered as high-
intensity. The primary outcome in the study was in-hospital mortality, and the secondary outcomes included intensive care unit (ICU)
and hospital length of stay. Chi-square and t-tests were used to assess the difference between the two independent groups, and
propensity score matching was performed to adjust for baseline characteristics.
Results: From 3508 patients who received high- or standard-intensity enoxaparin, 1422 patients, 711 in each group, were included in
the analyses after propensity score matching. The mean age of the participants was 57.2 years, and around 30% of them were female.
About 72% of the patients were admitted to the ICU. No difference was observed between the two groups in the in-hospital mortality
outcome (36% vs 33.5% in the high-intensity and the standard group, respectively; RR=1.06, 95% CI 0.95–1.18). However, patients
who received high-intensity thromboprophylaxis had a significantly longer duration of hospitalization (15.6 days vs 13.6 days;
p=0.003) and ICU stay (12.3 days vs 10.8 days; p=0.039) compared to patients who received the standard dose.
Conclusion: The use of high-intensity thromboprophylaxis was not associated with a reduction in mortality. Therefore, our results do
not support the routine use of high-intensity prophylactic anticoagulation in both ICU and non-ICU patients with COVID-19.
Keywords: COVID-19, venous thromboembolism, anticoagulation, thromboprophylaxis, mortality

Introduction
Venous thromboembolism (VTE) has been reported as a common complication of COVID-19 infection. Among
hospitalized patients, the overall incidence of VTE was found to be elevated, with rates of 12% to 26%.1–4 Moreover,
patients admitted to intensive care units (ICUs) have a higher risk of developing thrombosis compared with non-ICU
patients.5 Several proposed mechanisms for the hypercoagulability state associated with COVID-19 have been suggested,
including direct endothelial injury, complement-system activation, the release of inflammatory mediators and cytokine
storm, and thromboinflammation caused by coagulation abnormalities.6–9

Clinical Epidemiology 2022:14 361–368 361
© 2022 Almohareb et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Epidemiology Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 19 January 2022
Accepted: 11 March 2022
Published: 19 March 2022

http://orcid.org/0000-0003-3392-8369
http://orcid.org/0000-0002-3792-4106
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Early initiation of thromboprophylaxis in hospitalized COVID-19 patients was associated with a reduced risk of
mortality and the need for intubation.10,11 However, some controversy has arisen regarding the optimal dosing strategies
for these patients. Results from observational studies comparing intermediate or full doses of anticoagulant versus the
standard thromboprophylactic dose have been mixed. Some studies reported better outcomes with escalated intensities of
anticoagulation, while others found no difference or worse outcomes.12–19 These conflicting results from observational
studies, along with the higher incidence of VTE early in the pandemic, have led to variability in experts’ opinions,
institutional protocols, and clinicians’ decisions regarding the optimal thromboprophylaxis regimen. However, the
current guidelines recommend a standard thrombophylactic dose for all hospitalized patients with COVID-19 due to
the lack of high-quality evidence to recommend against or support the use of a higher dose of anticoagulant.20–23

Results from the INSPIRATION trial evaluating the use of an intermediate dose of anticoagulant for thrombopro-
phylaxis found no benefit over the standard dose in preventing thrombosis or mortality in ICU patients.24 Another small,
randomized clinical trial that assessed the use of intermediate-dose versus standard-dose enoxaparin in patients with
severe COVID-19 reported no significant differences between the two regimens.25 Besides that, several clinical trials
showed better outcomes when therapeutic doses of anticoagulant were used in moderately ill patients,26–28 but not in
critically ill patients.26,29 To date, large-scale studies evaluating the use of intermediate versus standard thromboprophy-
laxis doses in patients with COVID-19 are lacking. Therefore, the aim of this study was to compare the use of high-
intensity versus standard-intensity of enoxaparin for thromboprophylaxis among hospitalized patients with COVID-19 in
terms of in-hospital mortality using real-world data as well as identify any difference in the duration of hospitalization or
length of stay (LOS) in the ICU.

Methods
Study Design and Setting
Secondary database analysis was conducted to evaluate the effect of using high-intensity versus standard-dose thrombo-
prophylaxis in hospitalized patients with COVID-19. The database was obtained from the Saudi Ministry of Health
(MOH) and included data for hospitalized COVID-19 patients from 29 hospitals in Saudi Arabia (SA) that were
designated to receive patients with COVID-19. The study design and protocol were revised and approved by the
Saudi MOH Central Institutional Review Board (IRB Log No: 21-96 M).
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Subjects and Database
The database records from March 2020 to January 2021 of all hospitalized patients with a confirmed COVID-19
diagnosis were screened for inclusion. Hospitalized patients were included if they were adults (>18 years) and received
enoxaparin for thromboprophylaxis during their hospitalization. Data for pregnant women were excluded from the
analysis. The data, which were obtained from the Saudi MOH database, included the patients’ demographics, comorbid-
ities, severity stage of COVID-19, type of oxygen therapy, ICU admission, inpatient complications, enoxaparin dose, in-
hospital mortality, and dates of admission to and discharge from the hospital and ICU (if admitted to ICU) or decease (if
the patient died during hospitalization).

Study Groups and Outcomes
The standard dose of thromboprophylaxis was defined as using enoxaparin 40 mg daily; meanwhile, high-intensity
dosage was defined as administering enoxaparin 40 mg, 60 mg, 80 mg, or 120 mg twice daily. The use of either approach
among hospitalized patients was based on a national protocol, released early in the pandemic, which was developed by
the Saudi MOH for patients with COVID-19. The dose of thromboprophylaxis depends on the patient’s weight and
D-dimer level (see Supplement Material for the thromboprophylaxis protocol). The main outcome of the study was the
incidence of in-hospital mortality. Other outcomes included the duration of hospitalization and LOS in ICU, determined
from the dates of admission to and discharge from the hospital or date of decease.

Statistical Analysis
The baseline characteristics for patients were reported using frequencies and percentages for categorical variables and
mean ± standard deviation (SD) for the continuous variables, as appropriate. A chi-square test for categorical variables
and student’s t-tests for continuous variables were used to assess the difference between the two independent groups
(high-intensity vs standard dose) in terms of demographics, comorbidities, severity stage of COVID-19, the type of
oxygen therapy needed, ICU admission, and inpatient complications as well as patients’ outcomes in the study:
specifically, in-hospital mortality, duration of hospitalization, and LOS in ICU.

The two groups were made comparable by matching in terms of baseline demographics, comorbidities, severity stage
of COVID-19, and the type of oxygen therapy needed. The groups were matched via propensity score (PS) matching
using the greedy nearest neighborhood matching method (1:1) with a caliber of 0.2 SD for the logit of the estimated PS.
The two groups were matched using the Proc PSMATCH procedure for propensity score,30,31 and all data were analyzed
using SAS® software, version 9.4 (SAS Institute Inc., Cary, NC). For sensitivity analysis, the PS matching was repeated
adding ICU admission to the list of variables in the matching to control for its effect on the study outcomes. The PS
matched groups from the sensitivity analysis and their related results were reported in the Supplemental Materials.

Results
Patients’ Characteristics
The study included a total of 3508 hospitalized patients with COVID-19. Among those, 43.2% received high-intensity
thromboprophylaxis, whereas 56.8% received the standard dose for thromboprophylaxis. After the matching, a total of
1422 patients, 711 in each group, were included in the analyses of the outcomes. The patients’ mean age was around 57
years, and about one-third of them were elderly (≥ 65 years). The mean body mass index (BMI) in the high-intensity
group was 29.6 (± 7.2) versus 28.6 (± 5.8) in the standard-dose group, and more than one-third of the patients were obese
(BMI>30). Table 1 presents details of these data.

The most common comorbidity was diabetes, followed by hypertension and cardiovascular diseases. After matching,
no difference was found between the groups in terms of the proportion of patients who were hospitalized at a critical
COVID-19 stage; however, more patients needed ICU admission in the high-intensity compared to the standard group
(77.1% vs 67.8%; p<0.01). In terms of oxygen therapy, most of the included patients were on oxygen (96%), and no
differences were noted between the two groups regarding the type of oxygen therapy used. In the area of inpatient
complications, the two groups were comparable, except in the case of acute respiratory distress syndrome (ARDS), which
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was more prevalent in the high-intensity group (55.7% vs 39%; p<0.01). A summary of these results can be found in
Table 1. The most common dosing strategies used in the high-intensity group were enoxaparin 40 mg twice daily,
followed by enoxaparin 60 mg twice daily (Table 2).

Patients’ Outcomes
The number of patients who died during hospitalization was 494 (34.7%). Among these, 256 patients were in the high-
intensity thromboprophylaxis group, compared to 238 patients in the standard thromboprophylaxis group. However, this
difference between the groups in terms of their mortality outcome was not statistically significant (36% vs 33.5%;
p=0.32; Table 3). The sub-group analysis of the primary outcome for patients admitted to ICU found no difference in

Table 1 Patients’ Characteristics Before and After Propensity Score Matching

Patients’ Characteristics Overall
(n=3508)

Before Matching After Matching

Standard
(n=1991)

High-
Intensity
(n=1517)

p-value* Standard
(n=711)

High-
Intensity
(n=711)

p-value*

Age in years, mean (SD) 56.5 (15.3) 55.4 (15.8) 57.9 (14.5) <0.01 57.3 (15.6) 57.2 (14.4) 0.93

Age ≥ 65 1040 (29.6) 549 (27.6) 491(32.3) <0.01 222 (31.2) 222 (31.2) 1.00

Female gender 1086 (30.9) 626 (31.4) 460 (30.3) 0.46 226 (31.8) 191 (26.9) 0.04
BMI (kg/m2), mean (SD) (n=2233) 28.5 (6.2) 27.6 (5.4) 29.9 (7.2) <0.01 28.6 (5.8) 29.6 (7.2) <0.01
Comorbidities
Hypertension 1653 (47.1) 895 (44.9) 758 (49.9) <0.01 361 (50.8) 367 (51.6) 0.75
Diabetes mellitus 1900 (54.1) 1000 (50.2) 900 (59.3) <0.01 379 (53.3) 406 (57.1) 0.15

History of cardiovascular disease 594 (16.9) 327 (16.4) 267 (17.6) 0.37 162 (22.8) 131 (18.4) 0.04
History of pulmonary disease 403 (11.5) 246 (12.4) 157 (10.3) 0.06 101 (14.2) 92 (12.9) 0.49
Immunocompromised 92 (2.6) 57 (2.9) 35 (2.3) 0.31 21 (2.9) 19 (2.7.0) 0.75

Obesity or severe obesity 409 (11.7) 179 (9.0) 230 (15.1) <0.01 260 (36.6) 260 (36.6) 1.00

Active cancer 87 (2.5) 63 (3.2) 24 (1.6) <0.01 21 (2.9) 17 (2.4) 0.51
Patients with critical COVID-19
during hospitalization

1321 (37.7) 502 (25.2) 819 (54.0) <0.01 371 (52.2) 389 (54.7) 0.20

ICU admission 1939 (55.2) 836 (42.0) 1103 (72.6) <0.01 482 (67.8) 548 (77.1) <0.01
Oxygen therapy 3179 (90.6) 1707 (85.7) 1482 (96.9) <0.01 686 (96.5) 689 (96.9) 0.66

Nasal or face mask 2668 (76) 1550 (77.9) 1118 (73.6) <0.01 572 (80.5) 554 (77.9) 0.24

CPAP 160 (4.6) 79 (4.0) 81 (5.3) 0.06 46 (6.5) 40 (5.6) 0.51
High-flow face mask oxygen 1328 (37.8) 649 (32.6) 679 (44.7) <0.01 351 (49.4) 380 (53.5) 0.12

BiPAP 547 (15.6) 207 (10.4) 340 (22.4) <0.01 141 (19.8) 154 (21.7) 0.40

IMV 1081 (30.8) 407 (20.4) 674 (44.4) <0.01 274 (38.5) 302 (42.5) 0.13
ECMO 16 (0.5) 9 (0.5) 7 (0.5) 0.97 3 (0.4) 5 (0.7) 0.48

Complications during hospital
stay
Sepsis 852 (24.3) 354 (17.8) 498 (32.8) <0.01 238 (33.5) 226 (31.8) 0.50

Septic shock 690 (19.7) 267 (13.4) 423 (27.9) <0.01 196 (27.6) 192 (27.0) 0.81
Bacterial pneumonia 2170 (61.8) 1106 (55.6) 1064 (70.1) <0.01 441 (62.0) 450 (63.3) 0.62

ARDS 1257 (35.8) 420 (21.1) 837 (55.1) <0.01 277 (39.0) 396 (55.7) <0.01
Arrhythmia 228 (6.5) 100 (5.0) 128 (8.4) <0.01 59 (8.3) 42 (5.9) 0.08
Acute kidney injury 464 (13.2) 174 (8.7) 290 (19.1) <0.01 106 (14.9) 117 (16.5) 0.42

Hepatotoxicity 71 (2) 24 (1.2) 47 (3.1) <0.01 17 (2.4) 9 (1.3) 0.11

Gastrointestinal perforation 17 (0.5) 8 (0.4) 9 (0.6) 0.42 6 (0.8) 4 (0.6) 0.53
Multi-organ failure 308 (8.8) 110 (5.5) 198 (13) <0.01 76 (10.7) 91 (12.8) 0.22

Notes: Results are presented as frequency (%) unless otherwise indicated. *p-values were from student’s t-test for continuous variables and chi-square test for categorical
data; numbers in bold represent significant results at α<0.05.
Abbreviations: ICU, intensive care unit; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway pressure; IMV, intubation and invasive mechanical
ventilation; ECMO, extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome.
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mortality between the two groups (46.2% vs 47.7%; OR=1.06; 95% CI 0.83–1.36; Table 4). Moreover, when mortality
data were stratified by the patients’ BMI to adjust for the effect of weight on the study outcome, the odds of mortality
were similar between patients who received high-intensity thromboprophylaxis and the standard dose among patients
with BMI ≥ 30 (35.4% vs 33.8%; OR=0.93; 95% CI 0.65–1.34; Table 4).

Patients who received high-intensity thromboprophylaxis had a significantly longer duration of hospitalization, with
a mean difference of around two days, compared to patients who received standard thromboprophylaxis (15.6 days vs
13.6 days; p<0.01; MD=1.97, 95% CI 0.66–3.28). Moreover, the high-intensity thromboprophylaxis was associated with
a longer stay in ICU compared to patients who received standard thromboprophylaxis (12.3 days vs 10.8 days; p=0.04;
MD=1.58, 95% CI 0.08–3.09). These results are presented in Table 3.

Sensitivity Analysis
The sensitivity analysis was conducted to control for the effect of the difference between the groups in terms of the
number of patients admitted to the ICU. The results from the sensitivity analysis confirmed the robustness of the findings
in the main analysis, as the results from the sensitivity analysis of the outcomes in the study were comparable to that in
the main analysis. The results from the sensitivity analysis were presented in Tables S1–S4.

Discussion
The benefit of using a higher intensity of anticoagulant for thromboprophylaxis in patients with COVID-19 remains
unclear. This large propensity score-matched study, which evaluated the effect of using high-intensity doses compared to
the standard dose of enoxaparin for thromboprophylaxis in hospitalized patients with COVID-19, found no difference in

Table 2 Dosing Strategies for Thromboprophylaxis in the High-Intensity Group

Enoxaparin Dose Before Matching (n=1517) After Matching (n=711)

40 mg Enoxaparin BID 1021 (67.3) 511 (71.9)
60 mg Enoxaparin BID 278 (18.3) 104 (14.6)

80 mg Enoxaparin BID 210 (13.8) 90 (12.7)

120 mg Enoxaparin BID 8 (0.5) 6 (0.8)

Note: Results are presented as frequency (%).
Abbreviation: BID, twice daily.

Table 3 Primary and Secondary Outcomes for the Matched Cohorts

Outcome Standard (n=711) High-Intensity (n=711) Mean Difference (95% CI) p-value*

In-hospital mortality, no. (%) 238 (33.5) 256 (36.0) — 0.32
Hospital LOS (days), mean (SD) 13.6 (12.4) 15.6 (12.8) 1.97 (0.66–3.28) <0.01
LOS in ICU (days), mean (SD) 10.8 (12.5) 12.3 (12.1) 1.58 (0.08–3.09) 0.04

Notes: *p-values were from t-test for continuous variables and chi-square test for categorical data; numbers in bold represent significant results at α<0.05.
Abbreviations: LOS, length of stay; ICU, intensive care unit.

Table 4 In-Hospital Mortality Stratified by Patients’ BMI and ICU Admission for the Matched Cohorts

Variable N=1422 Standard (n=711) High-Intensity (n=711) OR (95% CI)

BMI
< 30 902 150/451 (33.3) 164/451 (36.4) 0.87 (0.66–0.14)
≥ 30 520 88/260 (33.8) 92/260 (35.4) 0.93 (0.65–1.34)

ICU admission
No 392 8/229 (3.5) 3/163 (1.8) 1.93 (0.50–7.39)

Yes 1030 230/482 (47.7) 253/548 (46.2) 1.06 (0.83–1.36)

Note: Numbers in bold represent significant results at α<0.05.
Abbreviations: OR, odds ratio; CI, confidence interval; ICU, intensive care unit.
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the incidence of in-hospital mortality between the two groups. In addition, this study found a significant increase in the
duration of hospitalization and ICU LOS in the high-intensity group compared to the standard-dose group.

The results of our study were consistent with those reported in previous randomized clinical trials comparing an
intermediate prophylactic dose to the standard dose of enoxaparin in patients with severe or critical cases of COVID-
19.24,25 The INSPIRATION trial reported that using an intermediate dose did not result in any statistical difference in the
composite outcome of venous or arterial thrombosis, extracorporeal membrane oxygenation, or mortality within 30 days;
furthermore, the rates of all-cause mortality were comparable between the two groups.24 Likewise, the Perepu et al study
found no significant differences in thrombosis at 30 days or all-cause mortality between the two groups; meanwhile, the
cumulative incidence of death was similar in both groups for patients who were admitted to the ICU or medical wards at
the time of enrollment.25 These results are similar to what we found in the sub-group analysis of the current study.

The overall mortality rate in our study was high (34.7%), driven mainly by the high proportion of ICU patients,
representing about 70% of the patients in the study. However, this rate is comparable to the rate reported in a meta-
analysis of ICU patients with COVID-19 (41.6%; 95% CI 34.0–49.7%).32 About two-thirds of the patients considered in
this study were admitted to the ICU, making our sample similar to the sample in Moll et al’s retrospective study, which
included 94 ICU patients and compared the use of intermediate versus standard doses of heparin for thromboprophylaxis.
Specifically, Moll et al found no significant difference in in-hospital mortality or symptomatic VTE between the two
groups.18 In another retrospective study that investigated hospitalized patients with COVID-19, a lower rate of in-
hospital mortality was observed in the group that received an intermediate dose compared to the standard dose for
thromboprophylaxis. Although the study had a large sample size (2785 patients), only 382 patients that emerged from PS
matching (191 patients in each group) were included in the mortality analysis.19 This variation in the mortality rates from
our study might be attributed to differences in the severity status of the patients considered in these studies and the use of
different anticoagulation doses.

Using a therapeutic dose of anticoagulation in COVID-19 patients has been evaluated in several randomized
controlled trials.26–29 While the benefit of using a therapeutic dose appears to be dependent on the phase of COVID-
19 illness and the patient’s setting, these trials failed to show any superiority in using a therapeutic anticoagulant dose
over the standard dose in ICU patients. In contrast, for non-ICU patients with moderate illness, using therapeutic
anticoagulation was associated with better outcomes, represented by a lower requirement for cardiovascular or respira-
tory organ support and less occurrence of major thromboembolism and death. These results suggest that the early
initiation of therapeutic anticoagulation during the early stages of the illness might be an important factor in the patients’
outcomes. In our study, no beneficial effect was observed on mortality for both ICU and non-ICU patients which could be
related to the differences in the used anticoagulant dosing in comparison with these trials.

Although this study is one of the largest to compare the use of high-intensity thromboprophylaxis to the standard dose
using real-world data, several study limitations must be taken into consideration when interpreting the results. First, this
was a secondary database analysis, which limited our ability to control or adjust for confounders to the available
variables in the database. Also, information about the time of initiation of anticoagulant and patients’ laboratory data,
such as the level of D-Dimer, were lacking. Furthermore, other essential outcomes could not be assessed, like the
incidence of VTE, bleeding events, and other long-term outcomes occurring post-discharge. Another limitation is the
large number of ICU patients in our population, which may restrict the generalizability of the study findings to non-ICU
patients.

Conclusion
In hospitalized patients with COVID-19, using high-intensity thromboprophylaxis was not associated with a reduction in
the primary outcome, in-hospital mortality, compared to standard-intensity thromboprophylaxis. Thus, these results do
not support the routine use of high-intensity prophylactic anticoagulation in either ICU or non-ICU patients. However,
more data from prospective clinical trials are still needed, especially in the case of non-ICU patients.
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