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Abstract
Background:Anticoagulants are promising regimens for treating coronavirus disease 2019 (COVID-19). However, whether prophylac-
tic or intermediate-to-therapeutic dosage is optimal remains under active discussion.

Methods: We comprehensively searched PubMed, Embase, Scopus, Web of Science, Cochrane Library, ClinicalTrials, and MedRxiv
databases on April 26, 2022. Two independent researchers conducted literature selection and data extraction separately according to
predetermined criteria. Notably, this is the first meta-analysis on COVID-19, taking serious consideration regarding the dosage overlap be-
tween the 2 comparison groups of prophylactic anticoagulation (PA) and intermediate-to-therapeutic anticoagulation (I-TA).

Results:We included 11 randomized controlled trials (RCTs) and 36 cohort studies with 27,051 COVID-19 patients. By analyzing all the
RCTs, there was no significant difference inmortality between the PA and I-TA groups, whichwas further confirmed by trial sequential anal-
ysis (TSA) (odds ratio [OR]: 0.93; 95% confidence interval [CI]: 0.71–1.22; P = 0.61; TSA adjusted CI: 0.71–1.26). The rate of major bleed-
ing was remarkably higher in the I-TA group than in the PA group, despite adjusting for TSA (OR: 1.73; 95%CI: 1.15–2.60;P = 0.009; TSA
adjusted CI: 1.09–2.58). RCTs have supported the beneficial effect of I-TA in reducing thrombotic events. After including all studies, mor-
tality in the I-TA group was significantly higher than in the PA group (OR: 1.38; 95%CI: 1.15–1.66; P = 0.0005). The rate of major bleeding
was similar to the analysis from RCTs (OR: 2.24; 95% CI: 1.86–2.69; P < 0.00001). There was no distinct difference in the rate of throm-
botic events between the 2 regimen groups. In addition, in both critical and noncritical subgroups, I-TA failed to reduce mortality but
increased major bleeding rate compared with PA, as shown in meta-analysis of all studies, as well as RCTs only. Meta-regression of all
studies suggested that there was no relationship between the treatment effect and the overall risk of mortality or major bleeding
(P = 0.14, P = 0.09, respectively).

Conclusion: I-TA is not superior to PA for treating COVID-19 because it fails to lower the mortality rate but increases the major bleeding
rate in both critical and noncritical patients.

Keywords: Anticoagulation, COVID-19, Major bleeding, Mortality, Prophylactic, Therapeutic
Introduction

Coronavirus disease 2019 (COVID-19), an acute respiratory infec-
tious disease caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), has caused a global pandemic. Althoughmany
studies have been conducted, effective treatment of patients with
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COVID-19 is still needed.[1,2] According to a report by the World
Health Organization (WHO), as of May 2, 2022, there were more
than 511 million confirmed COVID-19 cases, with approximately
6 million deaths worldwide.[3]

As the understanding of themechanisms of COVID-19 continues
to grow, microthrombi subsequent to the hypercoagulable state
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have been widely recognized as a key factor in organ failure and
death.[4–11] SARS-CoV-2 enters target cells by binding to the
angiotensin-converting enzyme 2 (ACE2) receptor, activating the
renin-angiotensin system and the immune system, and triggering
the release of angiotensin II and excessive inflammatory factors.
This subsequently causes endothelial injury, thus leading to hyper-
coagulability. As the disease progresses, disseminated viral replica-
tion leads to widespread endotheliopathy, aggravating the pro-
thrombotic state.[5,6] Several studies have found that patients with
COVID-19 have a hypercoagulable state, with altered parameters
including D-dimer, prothrombin time, activated partial thrombo-
plastin time, fibrinogen, fibrin degradation product, and platelet
count.[7,12,13] The hypercoagulable state provides the necessary con-
ditions for extensive formation ofmicrothrombus. [9–11] Parra-Medina
et al.[10] identified in 151 autopsies of patients with COVID-19 that
60% had microthrombi in the lungs, heart, kidneys, and liver. In
an observational study, diffuse intravascular coagulation was re-
ported in 71.4% of mortalities and 0.6% of surviving patients
Figure 1. Flowchart of literature selection process. I-TA, intermediate-to-therape
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with COVID-19 during hospitalization.[8] Hypercoagulability
and thrombosis in COVID-19 are possible causes of increased mor-
tality.[9] A meta-analysis revealed that the mortality of patients with
COVID-19 who took anticoagulants was significantly lower than
that of patients who did not use anticoagulants.[14] Therefore, anti-
coagulants are a promising treatment option for patients with
COVID-19, because of their thromboprophylactic effect.

However, the optimal anticoagulant dosage remains controversial.
Although the latest versions of the guidelines issued by the WHO
and the United States all recommend prophylactic dosage,[15,16]

many studies found that despite using prophylactic anticoagulants,
the incidence of thrombotic events is still high rather than interme-
diate or therapeutic dosage in hospitalized patients with COVID-19
without evidence of thromboembolism.[17–19] Therefore, administer-
ing a higher anticoagulant dose (intermediate or therapeutic) has been
proposed and studied. However, it was also observed that intermedi-
ate or therapeutic dosage was not more effective than prophylactic
dosage in reducing mortality in patients with COVID-19.[17,20]
utic anticoagulation; PA, prophylactic anticoagulation.
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Consequently, anticoagulant dosage for treating COVID-19 remains
debatable.

Therefore, we conducted a meta-analysis, trial sequential analy-
sis (TSA), and meta-regression to determine the optimal anticoagu-
lant dosage, that is, intermediate-to-therapeutic (including interme-
diate and therapeutic) or prophylactic, for treating COVID-19.
Materials and methods

Thismeta-analysis adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines,[21] with
the PRISMA checklist provided in Supplementary Table 1, http://
links.lww.com/ECCM/A31.

Literature search

A strict and comprehensive literature search of eligible studies was
performed on April 26, 2022, in PubMed, Embase, Scopus, Web of
Science, Cochrane Library, ClinicalTrials, andMedRxiv. The follow-
ing terms were used in our search strategy: (COVID-19 OR novel
coronavirus 2019 OR SARS-CoV-2 OR 2019-nCoV OR SARS-
CoV-19 OR coronavirus disease 2019) AND (anticoagulant OR
heparinOREnoxaparinORDalteparinORFondaparinuxORwarfa-
rin OR rivaroxaban ORDabigatran OR apixaban OR edoxaban OR
thrombin inhibitors; Supplementary Table 2, http://links.lww.com/
ECCM/A32). Thismeta-analysis aimed to assess the efficacy and safety
of prophylactic anticoagulation (PA) versus intermediate-to-therapeutic
(I-TA) therapy in patients with COVID-19. There were no restric-
tions on the language used, publication status, or publication date.

Inclusion and exclusion criteria

Qualification was inspected carefully according to a predefined se-
lection criteria by reviewing the titles, abstracts, full manuscripts,
and supplementary materials. We included studies that (1) enrolled
adult inpatients with confirmed SARS-CoV-2 infections; (2) com-
pared PA versus I-TA; (3) contained at least one of the following
endpoints or outcomes: mortality, major bleeding, thrombotic events,
pulmonary embolism, stroke, myocardial infarction, or venous throm-
boembolism; and (4) were eligible controlled studies. We excluded (1)
studies that did not compare PA versus I-TA; (2) studies for which
the numerical data of outcomes could not be acquired; (3) studies
that applied the dosage of anticoagulants inconsistentwithmost studies
included in our meta-analysis; and (4) studies with unsatisfactory
methodological quality. The doses of the 2 anticoagulation regimens
used in the included studies are listed in Supplemental Table 3, http://
Table 1

Baseline Characteristics of Patients With COVID-19 Included in
Baseline Characteristics I-TA (n = 10,277)

Age, mean ± SD 62.84 ± 15.30
Male, n (%) 5583/9009 (61.97%)
Comorbidities, n (%)
Diabetes mellitus 2699/8248 (32.72%)
Cardiovascular disease 1200/7038 (17.05%)
Hypertension 3418/6849 (49.91%)
Chronic kidney disease 575/5565 (10.33%)
Smoker 862/4508 (19.12%)
Heart failure 665/4049 (16.42%)
Liver disease 49/3246 (1.51%)
Respiratory disease 910/7028 (12.95%)
Cancer 403/5271 (7.65%)

I-TA, intermediate-to-therapeutic anticoagulation; PA, prophylactic anticoagulation; SD, standard deviation.
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links.lww.com/ECCM/A33.Therewere fewstudies inwhich the specific
doses of anticoagulation regimens were not described; we tacitly as-
sumed that the doses used were widely accepted and could be in-
cluded to avoid selection bias as much as possible.

Study selection

Two reviewers independently screened all the titles and abstracts to
identify potentially eligible studies. The full text was then used to de-
termine whether they could be included in our meta-analysis. Any
discrepancies were resolved by discussion or if consensus could
not be reached by a third investigator.

Quality assessment and data extraction

The methodological quality of randomized controlled trials (RCTs) and
cohort studies was evaluated by 2 independent investigators using the
Cochrane risk-of-bias tool Newcastle-Ottawa Scale (NOS), respectively.

Two researchers independently extracted relevant data from
each eligible study using a standardized data extraction form. Ex-
tracted information included the characteristics of the included stud-
ies, baseline characteristics of participants, information on interven-
tions, clinical outcomes, and results of comparison. For the charac-
teristics of the included studies, we extracted the study type and
setting, sample size, publication information, etc. For the baseline
characteristics of participants, information on age, sex, and comor-
bidities were extracted. Regarding intervention, drugs and detailed
dosages of the 2 regimen groups were extracted. For outcomes, we
extracted the information on mortality, major bleeding, thrombotic
events, pulmonary embolism, myocardial infarction, stroke, and ve-
nous thromboembolism.

Outcomes and definitions
The primary efficacy outcome was mortality and the primary
safety outcome was the incidence of major bleeding. The second-
ary outcomes were the rates of thrombotic events, pulmonary
embolism, stroke, myocardial infarction, and venous thromboem-
bolism. Definitions of major bleeding, thrombotic events, and criti-
cally ill or noncritically ill patients are reported in the respective
studies (Supplemental Table 4, http://links.lww.com/ECCM/A34).

Grading the quality of evidence

Two investigators assessed the quality of each outcome according to
the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) methodology. [22] The GRADE Profiler
the Meta-analysis
PA (n = 16,774) P

62.80 ± 15.99 0.88
8321/14,430 (57.66%) <0.0001

3972/13,286 (29.90%) <0.0001
1659/10,791 (15.37%) 0.0029
5322/11,041 (48.20%) 0.03
1031/9333 (11.05%) 0.17
1763/9035 (19.51%) 0.59
643/8270 (7.78%) <0.0001
101/5655 (1.79%) 0.33
1011/8109 (12.47%) 0.38
764/9696 (7.88%) 0.61

http://http://links.lww.com/ECCM/A31
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http://http://links.lww.com/ECCM/A32
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Figure 2. Efficacy of intermediate-to-therapeutic versus prophylactic anticoagulation on mortality in patients with COVID-19. (A) Pooled OR and forest plot of
mortality. Forty-three studies were included in the statistical analysis, with 9562 patients in the I-TA and 15,523 in the PA groups. The results showed that
the mortality significantly decreased in the PA group compared with I-TA group (OR: 1.38; 95% CI: 1.15–1.66; P = 0.0005). (B) Trial sequential analysis of
mortality. The X-axis represents sample size, and the Y-axis represents Z score. The uppermost and lowermost red curves represent trial sequential
monitoring boundary lines for positive conclusion. The horizontal blue lines represent the conventional boundaries for statistical significance. The red
triangular lines represent the futility boundary. The dark blue line is the Z curve representing the cumulative Z scores of included studies, arranged according
to publication date. The RIS of 4974 was calculated using α = 0.05 (2-sided), β = 0.20 (power 80%), and the relative risk of mortality increase was 34.53%.
The results showed that the cumulative Z curve exceeded the RIS line, the final cumulative Z score located in the zone between futility boundaries, and the
TSA adjusted the 95% CI to be 0.71 to 1.26. (C) Meta-regression of the association between log OR for mortality and overall risk (%). CI, confidence interval;
I-TA, intermediate-to-therapeutic anticoagulation; OR, odds ratio; PA, prophylactic anticoagulation; RIS, required information size; TSA, trial sequential analysis.
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(version 3.6) software was used. Quality was downgraded based on
the following evaluations: risk of bias, inconsistency, indirectness, im-
precision, and other considerations.Qualitywas upgraded if themag-
nitude of the treatment effect was very large, if therewas evidence of a
Figure 3. Effect of intermediate-to-therapeutic versus prophylactic anticoagulation
plot of major bleeding. Twenty-nine studies that reported major bleeding were inc
results showed that I-TA significantly increased the incidence of major bleeding
sequential analysis of major bleeding. The uppermost and lowermost red curves
the red triangle zone represents futility. The vertical red line represents the RIS
80%), and 105.02% of the relative risk of major bleeding increase. The horizon
The cumulative Z curve represents the data of included studies, which were arr
RIS and the conventional boundary. The TSA adjusted the traditional 95% CI to
major bleeding and overall risk (%). CI, confidence interval; COVID-19, corona
odds ratio; PA, prophylactic anticoagulation; RIS, required information size; TSA,
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dose-response relationship, or if all reasonable biases would reduce
but not increase the magnitude of the apparent treatment effect.
The overall quality of the evidence was rated as “high,” “moderate,”
“low,” or “very low.”
on risk ofmajor bleeding in patients with COVID-19. (A) PooledORand forest
luded, with 6390 patients in the I-TA group and 10,152 in the PA group. The
compared with PA (OR: 2.24; 95% CI: 1.86–2.69; P < 0.00001). (B) Trial
represent trial sequential monitoring boundary lines for positive conclusion,
of 1917, which was calculated using α = 0.05 (2-sided), β = 0.20 (power
tal blue lines represent the traditional boundaries for statistical significance.
anged based on publication date. The cumulative Z curve exceeded the line
be 1.09 to 2.58. (C) Meta-regression of the association between log OR for
virus disease 2019; I-TA, intermediate-to-therapeutic anticoagulation; OR,
trial sequential analysis.
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Figure 4. Subgroup analysis according to RCTs or cohort studies. The dashed line represents the null line (OR: 1). The blue and red lines and circles exhibit the
results of RCTs and cohort studies, respectively. The size (area) of each circle denotes sample size. The lower and upper limits of the lines correspond to the 95%
CI, the nodes in the middle represent pooled OR values, and the numbers on the top of the upper limits represent P values. CI, confidence interval; OR, odds
ratio; pts, patients; RCTs, randomized controlled trials.
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Data synthesis and analysis

Statistical analysis was performed using Review Manager (version
5.3), STATA (version 12.0), and TSA program version 0.9.5.10
(http://www.ctu.dk/tsa). For dichotomous variables, we calculated
the risk ratio (RR), odds ratio (OR), and 95% confidence interval
(CI) using the Mantel-Haenszel method. When only RCTs were an-
alyzed, RRwas selected as the effect value; otherwise, ORwas used.
Statistical heterogeneity of the included studies was quantified using
I2 values. I2 values more than 50% indicate significant heterogene-
ity, and a random-effects model was used. Otherwise, a fixed-effects
model was used for analysis. Visual inspection and quantitative
analysis of publication bias were performed using funnel plots and
the Begg’s and Egger’s tests, respectively. No statistical difference
was considered if P value greater than 0.05. Meta-regression was per-
formed to investigate the association between the treatment effect and
overall risk using the event rate of the experimental group. We per-
formed TSA for RCTs to avoid the positive results of meta-analysis
being derived from random errors rather than the real effects of in-
terventions. We quantified the required information size (RIS) and
trial sequential monitoring boundaries using the O'Brien-Fleming
α-spending function. The cumulativeZ curve located in regions of, such
as the futility area, crossing the trial sequence monitoring boundaries,
or neither, may indicate that the result is true negative, true positive,
or uncertain, respectively. RIS was calculated using the relative risk
increase of 34.53% (mortality) and 105.02% (major bleeding) with
a risk of type I error of 5%, at a power of 80%.
Results

Results of literature selection

Through a database search, we identified 47 studies, including 11 RCTs
and 36 cohort studies. A detailed literature selection flowchart is
shown in Figure 1. In total, 27,051 inpatients with COVID-19 were
enrolled, of whom16,774 underwent PA and 10,277 underwent I-TA.
The baseline characteristics of the included patients are shown in
Table 1. Among the studies, 23 were single center and 24 were multi-
center. Thirteen studies enrolled critically ill patients only, 8 studies en-
159
rolled noncritically ill patients only, and 26 studies were unspecified.
The characteristics of the included studies are shown in Table 2.

Mortality

Mortality was reported in 43 studies with 15,523 patients and 9562
patients treated with PA and I-TA, respectively. Meta-analysis of all 43
studies showed that patientswithCOVID-19who received I-TA exhibited
significantly highermortality than patients who received PA (24.82%
vs 18.45%; OR: 1.38; 95% CI: 1.15–1.66, P = 0.0005; Fig. 2A).

To investigate RCTs and real-world studies separately, we performed
a subgroup analysis.When onlyRCTswere included, the results showed
that mortality was comparable between the I-TA and PA groups
(16.77% vs 17.52%; OR: 0.93; 95% CI: 0.71–1.22; P = 0.61;
Fig. 4). TSA was performed for 11 RCTs to adjust the results. Dur-
ing TSA, 1 study was excluded because of the small sample size. The
cumulative Z curve exceeded the RIS line and was situated within the
region of futility boundaries, confirming the negative result from the
meta-analysis (TSA adjusted CI, 0.71–1.26), as shown in Figure 2B.
However, in real-world studies, pooled mortality was significantly
lower in patients receiving I-TA than in those treated with PA
(Fig. 4). We assume that in real-world practice, physicians might
be prone to prescribe I-TA to patients with more serious conditions.

Regarding disease severity, we conducted a subgroup analysis of
critically ill and noncritically ill patients. The mortality was similar
between I-TA and PA groups in both critically ill and noncritically
ill patients (Fig. 5A). When only RCTs were selected, there was no
significant difference in mortality between the 2 treatment regimens
in both critically ill and noncritically ill patients (Fig. 5B). This find-
ingwas supported bymeta-regression of all studies, which suggested
that there was no relationship between the treatment effect and
overall risk of mortality (P = 0.14; Fig. 2C).

Major bleeding

Pooled results from 29 studies documenting major bleeding illus-
trated that I-TA significantly increased the rate of major bleeding
compared with PA in patients with COVID-19 (4.49% vs 2.19%;
OR: 2.24; 95% CI: 1.86–2.69; P < 0.00001). Further meta-analysis

http://http://www.ctu.dk/tsa
http://www.eccmjournal.org


Figure 5. Subgroup analysis according to severity of patients. (A) Results in all types of studies. (B) Results in RCTs only. The dashed line represents the null line
(OR/RR: 1). The purple, orange, and green lines as well as circles exhibit the results of total, critical, and noncritical groups, respectively. The area of circles
denotes sample sizes. The lower and upper limits of the lines correspond to the 95% CI, the nodes in the middle represent pooled OR or RR values, and the
numbers on top represent P values. CI, confidence interval; OR, odds ratio; pts, patients; RCTs, randomized controlled trials; RR, risk ratio.
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of RCTs confirmed this conclusion, after adjusting for TSA (2.29%
vs 1.37%; OR: 1.73; 95% CI: 1.15–2.60; P = 0.009; TSA adjusted
CI, 1.09–2.58). TSA showed that the cumulative Z curve exceeded
the RIS line and the trial sequential monitoring boundary, confirming
that I-TA has a disadvantage due to the increased major bleeding rate
(Figs. 3A, B).

In subgroup analysis based on the type of study or the severity of
patients, major bleeding rate showed the same trend,whichwas also
supported by meta-regression (P = 0.09; Fig. 3C). In a small subgroup
of critically ill patients in all studies or RCTs only, I-TA tended to in-
crease the rate of major bleeding, but it did not reach statistical signifi-
cance, compared with PA.

Thrombotic events

Sixteen studies that reported thrombotic events were included, with
3546 patients in the I-TA and 4623 in the PA groups, respectively.
The results showed that there were no significant differences in the
rates of thrombotic events, pulmonary embolism, myocardial in-
farction, stroke, or venous thromboembolism between the I-TA
and PA groups (Fig. 6). The results from the RCT subgroup sup-
ported the idea that I-TA could reduce the incidence of thrombotic
events (Fig. 4). Regarding disease severity, noncritically ill patients
might benefit from I-TA with a reduced rate of thrombotic events
compared with PA (Fig. 5A). RCTs supported the beneficial effect
of I-TA in decreasing thrombotic events in both the critically ill
and noncritically ill groups (Fig. 5B).

Quality assessment

We used the Cochrane risk-of-bias tool andNOS to assess the quality
of RCTs and cohort studies, respectively (Fig. 7). The quality of the
controlled studies included in the meta-analysis was satisfactory.
160
Publication bias

Funnel plots were used to analyze the publication bias. Intuitively, the
studies were distributed almost symmetrically on both sides (Fig. 8).
Furthermore, the absence of publication bias was demonstrated by
Begg’s and Egger’s tests (Begg’s test, P = 0.87; Egger’s test, P = 0.29).

Grade recommendation

The overall evidence for each outcome of the RCTs and cohort stud-
ies was qualified using the GRADE framework. It showed that the
certainties of evidence for the outcomes of mortality, major bleed-
ing, and thrombotic events of the RCTs were “moderate.” In detail,
we adjudicated the risk of bias as “serious”mainly because all RCTs
were open labeled. We found no significant downgrade points for
inconsistency, indirectness, imprecision, or publication bias. For
cohort studies, the certainties of evidence for the outcomes of mor-
tality, major bleeding, and thrombotic events were “low,” “moder-
ate,” and “very low,” respectively. Specifically, the quality of evi-
dence for major bleeding escalated because of the large effect value.
Thrombotic events were downgraded because of “serious” impreci-
sionwith a large 95%CI. The GRADE tables are described in detail
in Supplementary Table 5, http://links.lww.com/ECCM/A35.
Discussion

This meta-analysis included 47 clinical studies involving 27,051
patients with COVID-19. The results revealed that compared with
patients with COVID-19 who received PA, the mortality of patients
receiving I-TA was slightly higher. The major bleeding rate was re-
markably higher in patients receiving I-TA than in those receiving
PA. No statistical difference was found in the rates of thrombotic
events, pulmonary embolism, myocardial infarction, stroke, or venous
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Figure 6. Pooled OR and forest plot of thrombotic events, pulmonary embolism, myocardial infarction, stroke, and venous thromboembolism between
intermediate-to-therapeutic versus prophylactic anticoagulation among patients with COVID-19. (A–E) No significant differences on the incidence of
thrombotic events (OR: 1.06; 95% CI: 0.65–1.74; P = 0.81), pulmonary embolism (OR: 1.35; 95% CI: 0.63–2.90; P = 0.44), myocardial infarction (OR: 1.52;
95% CI: 0.90–2.55; P = 0.11), stroke (OR: 0.79; 95% CI: 0.40–1.55; P = 0.49), or venous thromboembolism (OR: 1.40; 95% CI: 0.75–2.62; P = 0.29) was
found between the 2 groups. CI, confidence interval; OR, odds ratio.

Guo et al. � Emerg Crit Care Med (2022) Vol. 2 No. 3 www.eccmjournal.org
thromboembolism between the 2 treatment groups. These results indi-
cate that PA is a better choice for patients with COVID-19. Subgroup
analysis of RCTs showed that there was no significant difference in
mortality between the 2 treatment groups, as proven by TSA, and the
major bleeding rate was remarkably higher, which was also con-
firmed by TSA. Meanwhile, the incidence of thrombotic events
wasmarkedly lower in the I-TA group than in the PA group. In both
critically ill and noncritically ill patients, I-TA failed to reduce mor-
tality but increased the major bleeding rate compared with PA,
which was also supported by meta-regression.

Similar to SARS[67] and H1N1,[68] thrombosis is a pathological
feature of SARS-CoV-2 infection.[69] Several studies have demon-
strated increased levels of coagulation biomarkers in patients with
COVID-19,[70,71] the degree of which was positively correlated with
disease severity and poor prognosis.[7,70–72] Anticoagulant adminis-
tration in patients with COVID-19 has been confirmed to decrease
mortality.[73] In clinical practice, commonly used anticoagulants in-
clude heparinoids (eg, unfractionated heparin and low molecular
weight heparin [LMWH]), factor Xa inhibitors (eg, fondaparinux,
rivaroxaban, and apixaban), direct thrombin inhibitors (eg, dabigatran
and bivalirudin), and vitamin K antagonists (eg, warfarin). Hepa-
161
rin binds to antithrombin, causing a conformational change that
accelerates the inactivation of IIa, IXa, Xa, XIa, and XIIa factors,
thereby blocking the coagulation cascade and exerting an antico-
agulant effect.[74] Compared with heparin, LMWH has more pre-
cise target inhibition, but less ability to inhibit other coagulation
factors and lower anticoagulation speed.[75] Strikingly, LMWH
not only exhibits an anticoagulant effect but also interferes with
the binding of SARS-CoV-2 to the ACE2 receptor, thereby limiting
viral infectivity and reducing mortality.[76] Oral anticoagulants
had no antiviral effect, but patients with COVID-19 using oral an-
ticoagulants also had a reduced risk of mortality compared with
those without.[77] Anticoagulation might be an effective way to re-
duce thrombosis and subsequent organ damage in patients with
COVID-19; however, the optimal dosage of anticoagulants re-
mains debatable.[17,19,23,78]

Mortality was the primary outcome of this meta-analysis. The
meta-analysis demonstrated significantly lowermortality in PA than
I-TA group; however, the result was not supported bymeta-analysis
nor TSA of RCTs. Cohort studies inevitably have confounding factors,
but we believe that including real-world cohort studies can provide
more comprehensive information. To clarify whether the severity of

http://www.eccmjournal.org


Figure 7. The quality assessment of included studies. (A) The quality assessment of randomized controlled trials by Cochrane risk-of-bias tool. (B) The quality
assessment of cohort studies by Newcastle-Ottawa Scale.
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disease contributes to the efficacy of I-TA and PA regimens, subgroup
analysis and meta-regression were performed. This showed that in
both critically ill and noncritically ill patients with COVID-19, the
2 anticoagulant regimens did not affect mortality. Subgroup analy-
sis of RCTs showed a consistent result. Hence, increasing the dose
of anticoagulants did not reduce mortality.

The major bleeding rate, as the safety outcome, agreed with com-
mon sense. Compared with PA, I-TA significantly increased the rate
of major bleeding, which was also confirmed by TSA. Moreover, in
the subgroup analysis of RCTs and cohort studies or of critically ill
and noncritically ill patients, the same result was observed. However,
among the critically ill patients in the subgroup of all studies or RCTs
only, themajor bleeding rate between groups was similar but was not
statistically significant, which may be due to the small sample size.
162
For thrombotic events, the overall analysis did not find a distinct
difference between the 2 regimens; however, subgroup analysis of
the RCTs and noncritically ill patients supported the beneficial effect
of I-TA in lowering the risk of thrombotic events. The delicate bal-
ance between anticoagulation strategies, bleeding, and thrombotic
complications should be carefully considered. Critically ill patients
with COVID-19, who are characterized by long-term immobiliza-
tion, systemic inflammation, platelet activation, and endothelial
dysfunction, are more likely to develop thromboembolism.[79,80] A
retrospective analysis of 400 patients with COVID-19 showed that
the incidence of thrombotic events was 4.7% (95%CI, 2.4–8.0) and
18.1% (95% CI, 12.1–25.3) in noncritically ill and critically ill pa-
tients, respectively. [81] However, our overall findings did not show
that I-TA reduced thrombotic events compared with PA in critically
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Figure 8. Funnel plot analysis of publication bias.
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ill patients. In addition to considering possible confounding factors
in cohort studies, the overwhelming inflammatory response and
concomitant thrombosis were too pronounced in critically ill pa-
tients to recover.Meanwhile, in noncritically ill patients, I-TAmight
sustain an appropriate balance, which may explain the above re-
sult.[82] In brief, this study suggests that I-TA is superior to PA in
terms of reducing the rate of thrombotic events.

Our study had several limitations. One limitation is that cohort
studies have a lower level of evidence than RCTs do. Although
cohort studies inevitably have bias, they provide wider insights into
real-world practice, especially during the COVID-19 pandemic. The
other limitation is that we tried to performmore subgroup analyses,
such as types of anticoagulants, but the related data were difficult to
extract from studies.

This study has several strengths compared with similar stud-
ies. First, all eligible studies until April 26, 2022, were enrolled
to yield the latest evidence on this topic. Second, this is the first
meta-analysis to focus on the heterogeneity of the definitions of
PA and I-TA among studies. To solve this problem, we checked
the doses of anticoagulants in each study and excluded 9 studies
to avoid dosage overlap between the 2 comparison groups. Third,
to achieve a robust conclusion, we performed TSA and meta-
regression, which are important for fully understanding the re-
sults. This is also the first study to use the TSA approach for this
topic. Finally, we used the GRADE framework in addition to
other assessment tools to evaluate the quality of the evidence.
We believe that this meta-analysis, TSA, and meta-regression will
provide valuable information for clinical practice and further
research.
Conclusion

I-TA was not superior to PA in terms of reducing mortality but in-
creased the risk of major bleeding. For patients with a high risk of
163
thrombosis and low risk of bleeding, I-TA is appropriate. Further
larger-scale RCTs are still needed.
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