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ABSTRACT

Background: Abnormal coagulation and thrombotic complications prompted many guidelines to recommend thromboprophy-
laxis for patients hospitalised with COVID-19, but the dose required for prophylaxis remains unclear. This systematic review (SR)
analyses the safety and efficacy of therapeutic dose anticoagulation (TDA) versus non-therapeutic dose anticoagulation (NDA) in
COVID-19 patients.

Methods: According to the Cochrane Handbook of Systematic Review of Interventions, we performed an SR. The protocol is
registered in Prospero (CRD42021269197, date 12 August 2021).

Results: In this SR of 18 studies, TDA was shown to reduce all-cause mortality (risk ratio [RR] 0.83; 95% confidence interval [95%
CI] 0.70, 0.99) in COVID-19 infection. TDA also reduced thrombosis (RR 0.55; 95% CI 0.48, 0.72) but increased major bleeding (RR
1.87; 95% CI11.29, 2.69). A stratified analysis according to severity revealed that, in non-critical patients, TDA resulted in mortality
benefit (RR 0.79; 95% CI 0.67, 0.94). In critical patients, TDA did not affect all-cause mortality (RR 1.03; 95% CI 0.89, 1.18) but
reduced thrombosis (RR 0.65; 95% CI 0.48, 0.86) and increased major bleeding (RR 1.85; 95% CI 1.06, 3.23).

Conclusion: TDA significantly reduced all-cause mortality and thrombosis in non-critical COVID-19 patients at the expense of
increased major bleeding. In critical COVID-19, this mortality benefit was not observed.

1 | Introduction at the onset of COVID-19 illness, proceeding in some to viral

pneumonia of varying severity [1-5]. From the early days of the
The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has pandemic, abnormal coagulation profiles and thrombotic compli-
adversely impacted humanity in diverse ways. Clinical studies cations (both venous and arterial) were seen among hospitalised
of patients with SARS-CoV-2 initially showed flu-like symptoms, patients [6], with pulmonary embolism (PE) being a common
most commonly cough, sore throat, fever, myalgia and fatigue manifestation [7].
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Multiple autopsy reports of COVID-19 infection demonstrated
unprecedented pulmonary microvascular thrombosis and
endothelial damage [8-11], which could be related to the
direct viral cytopathic effect on the endothelial cells due to
shared receptors with pulmonary alveolar cells [12]. Other
etiopathogenetic mechanisms include immune/cytokine-
mediated dysregulation of pro-coagulant and anti-fibrinolytic
pathways. Heparin, with its pleiotropic activity on inflammatory
pathways, in addition to its primary use as a potent anticoagulant,
appears to be an ideal intervention in such settings [13].

Although hypercoagulability in COVID-19 has now been well-
recognised, uncertainty still exists as to how best to manage
clotting risk in these patients. Over the past year, several guid-
ance documents have recommended the use of anticoagulation
in hospitalised patients with COVID-19 [14-16]. There is a
broad-based consensus that the standard of care is prophylactic
dose anticoagulation for all patients admitted with COVID-19
pneumonia.

Guidance presently recommends varying regimens of unfraction-
ated heparin (UFH) or low molecular weight heparin, despite
the paucity of evidence regarding the dose of anticoagulation,
that is, prophylactic, intermediate or therapeutic (full) dose to
be employed in each severity strata of COVID-19. European
Society of Cardiology recommendations for antithrombotic ther-
apy in patients hospitalised with moderate to severe COVID-19
suggested prophylactic anticoagulation with heparin only at the
time of initiation [17]. It also remains unclear if specific severity
subgroups of patients will benefit from TDA without a confirmed
thrombotic event. To assess the efficacy and safety of these doses
within diverse disease severity strata has been the goal of many
completed and ongoing clinical trials.

2 | Methods

Our PICO question was: ‘Should therapeutic dose anticoagulation
(TDA) or non-therapeutic dose anticoagulation (NDA) be used in
the management of COVID-19 patients’?

This systematic review (SR) and meta-analysis of randomised
controlled trials (RCTs) comparing TDA versus NDA for throm-
boprophylaxis in COVID-19 patients was conducted following
the Preferred Reporting Items for Systematic Reviews and Meta
Analyses Statement [18] and registered on the Open Prospective
Register of Systematic Reviews (PROSPERO) Framework (ID:
CRD42021269197, date 12 August 2021) [19].

We did a literature search in PubMed (nih.gov), Cochrane
Controlled Register of Trials (CENTRAL) | Cochrane Library, i
L-OVE evidence (iloveevidence.com) and the COVID-19-specific
source COVID-19 living data (covid-nma.com) on 13 January
2024 for peer-reviewed, primary research articles published from
database inception up to the date of the literature search. We did
not restrict the search by language, country, date or participant
demographics. Details of search strategy can be found in Table
S1.

We included only RCTs reporting the proportion of mortality,
bleeding complications or thrombotic events in those infected

with COVID-19 who received either TDA or NDA. We defined the
‘TDA’, as mentioned in Table 1, and doses less than therapeutic
dose was defined as ‘NDA’ including standard prophylactic dose.
We decided to exclude conference abstracts.

Titles and abstracts from the search were imported in Research
Information System (.RIS) format and uploaded to the online SR
tool Rayyan (Rayyan—Intelligent Systematic Review—Rayyan)
for screening and duplicates were removed. Screening of titles
and abstracts and full-text portable document formats was done
in parallel by two authors (S.S. and J.J.), and a third author
(P.R.) was consulted, if conflicts could not be resolved through
discussion. Data were then independently extracted (by S.S. and
J.J.) with a pre-authorised data extraction sheet. We contacted the
investigators of HEP-COVID trial and Remap-CAP for additional
information. We contacted the investigators of the ongoing
trials to see if data were available for inclusion. Data from the
HEP-COVID and COVID-HEP trials were extracted for separate
analyses of critical and non-critical patients.

2.1 | Outcomes
The primary outcomes were as follows:

* All-cause mortality at 28 days
* Thrombosis

* Major bleeding
The secondary outcomes were as follows:

* Organ support-free days (i.e., number of days without the need
for intensive care unit [ICU]-level organ support, including
invasive and non-invasive mechanical ventilation)

* Survival without organ support at 28 days

* Composite outcome of thrombosis or death

The outcome all-cause mortality included all in-hospital deaths
as well as up to day 28 if discharged. Thrombosis (defined as
number of patients who had at least one thrombotic event, for
example, deep vein thrombosis [DVT], PE, etc.), adverse events
such as major bleeding (defined as the number of patients in
whom at least one major bleeding event was seen as per ISTH
criteria for assessing bleeding severity) or thrombocytopenia were
also assessed [20].

When multiple articles of the same study population were
published, all the articles were assessed and the latest one was
considered for the extraction of data and if further data needed
clarification, authors were contacted.

There are multiple dosing strategies for anticoagulation based
on indication, organ dysfunction, body mass index and adverse
drug reactions, based on available literature and package insert
recommendations. For the purposes of our analysis, we broadly
grouped prophylactic and intermediate doses as NDA (up to and
including 1 mg/kg of enoxaparin or equivalent subcutaneously
once daily) and TDA as doses higher than 1 mg/kg enoxaparin
or equivalent subcutaneously twice daily, defined in Table 1.
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TABLE 1 | Dose of anticoagulation.

Non-therapeutic dose

Anti- Intermediate
coagulant Therapeutic dose (INR 1.5-2.5) dose Prophylactic dose
Low molecular Enoxaparin 1 mg/kg q12h and equivalent Enoxaparin Enoxaparin 40 mg q24h (if
weight heparin 1 mg/kg q24h and BMI > 40, then 40 mg q12h)
equivalent and equivalent

Unfractionated 80 U/kg bolus followed by 18 U/kg/h infusion, 7500 U qg12h to g8h 5000 U qg12h to g8h
heparin targeting an APTT of 55-75 s
Directly oral Rivaroxaban 20 mg PO OD or apixaban 5 mg Not applicable Rivaroxaban 10 mg PO OD
anticoagulant BD or apixaban 2.5 mg BD

Dabigatran 150 mg PO BD
Fondaparinux <50 kg: 5 mg once daily SC; NA 2.5 mg once daily SC

50-100 kg: 7.5 mg once daily SC;
>100 kg: 10 mg once daily SC
Edoxaban 60 mg once daily (if body weight > 60 kg) PO or
30 mg once daily (if body weight < 60 kg or

CrCl 30-50 mL/min) PO
Dabigatran 150 mg PO twice daily
Warfarin Target INR of 2-3

Abbreviations: APTT, Activated Partial Thromboplastin Time; BD, Bis in Die (twice daily); BMI, body mass index; CrCl, Creatinine Clearance; DOAC, Direct Oral
Anti Coagulants; INR, international normalised ratio; NA, Not Available; OD, Once in a Day; PO, Per Oral; SC, Subcutaneous.

2.2 | Risk of Bias Assessment

We assessed the risk of bias (RoB) of each outcome of interest
in each included study using the Cochrane RoB 2 tool [21]. Two
review authors (S.S. and J.J.) independently assessed the RoB
for each outcome using the RoB 2 tool to record assessments
for each outcome. A third review author (P.R.) was consulted
when there were discrepancies in judgement and arrived at a
decision. We assessed the RoB as outlined in Chapter 8 of the
Cochrane Handbook for Systematic Reviews of Interventions [22].
The outcome-specific RoB assessment of each trial is represented
in the traffic light format. We assessed the publication bias using
funnel plots.

2.3 | Data Analysis

We assessed the efficacy of TDA versus NDA in COVID-19
patients by pooling risk ratios (RRs) using the Mantel-Haenzel
random-effects model for RCTs for pooled analysis and fixed-
effects model for stratified analysis by severity. An intention-to-
treat analyses from the included studies was planned a priori.
We used Revman Web (version 8.0.0) to do the meta-analysis and
to create forest plots for the visualisation of the analysis and we
assessed statistical heterogeneity using the I* statistic [23]. The
heterogeneity was assessed in outcomes with I? value more than
40% with more than 10 studies.

We did stratified analysis of TDA based on the severity of disease,
that is, effect of TDA in non-critical and critically ill patients as
defined by the WHO COVID-19 clinical management guidelines
(Table S2) [24].

2.4 | Assessment of Heterogeneity

We assessed the heterogeneity by visually inspecting the forest
plot as well as by looking at the I* statistic. We performed
sensitivity analysis by sequentially excluding each study and
noting the I* value and RR for the outcomes that had an P
value greater than 40 when more than 10 studies were possible
to include in the analysis.

2.5 | Assessing the Certainty of Evidence

We assessed the evidence quality for primary efficacy analyses
and safety analyses using the Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) framework
[25], based on RoB, inconsistency, imprecision, indirectness and
reporting bias using the GRADE pro GDT [26].

3 | Results
3.1 | Study and Patient Characteristics

We screened 6690 potentially relevant publications (Figure 1)
identified by keyword search (details in Table S2). After excluding
all the irrelevant abstracts and duplications, we got 34 full-text
articles, of which nine were excluded (12 publications) because
of wrong comparators, one wrong study design, two wrong
interventions and two were conference abstracts. We included
18 relevant studies with 10,234 patients that compared TDA with
NDA. A summary of the characteristics of the included studies
is found in Table 2. The outcomes obtained from each study,
excluded studies, and ongoing trials are given in Tables S3, S4 and
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Records identified = 6690
« Pubmed (n= 5988)
« Epistemonikos (n = 9 records identified
332) through Covid NMA
« Cochrane CENTRAL
(n=370)

5669 records after
duplicates removed

5635 records
excluded

5669 records
screened

Records excluded -
16 records (14 trials)

Wrong comparator;
n =11 records (9
studies)

34 full-text articles
assessed for —=» Wrong Intervention
eligibility n =2 records

Wrong Publication,
n= 2 records

Wrong study design,
n=1 record

18 records included
in qualitative
synthesis

18 studies included
in quantitative
synthesis
(meta-analysis)

FIGURE 1 | Preferred Reporting Items for Systematic Reviews and
Meta Analyses (PRISMA) flow diagram.

S5. Studies were also stratified according to severity to assess if the
dosages varied across categories of severity.

3.2 | Overall Risk of Bias

We judged six studies to have an overall low RoB [27-32]; 11 stud-
ies to have ‘some concerns’ [33-43] and one study had high RoB
[44]. The RoB in each study is represented as a traffic light plot in
Figure S1 and the RoB summary is represented in Figure S2.

3.3 | Publication Bias
There was funnel plot (Figure S3) asymmetry caused by two

studies [36, 43] favouring NDA. These studies were of some
concerns in RoB and were stopped prematurely.

3.4 | Outcome Analysis

Eighteen studies were included in the analysis of outcomes with
the summary of findings in Table 3.

3.5 | Primary Outcomes
3.5.1 | All-cause Mortality

Moderate certainty evidence in 18 studies with 10,234 partici-
pants revealed that TDA probably reduced all-cause mortality
(RR = 0.83; 95% CI = 0.70, 0.99; I* = 41%; p = 0.04) over-
all (Figure 2). The incidence of all-cause mortality was 9.97%
(562/5636) in the group of patients on TDA and 12.48% (574/4598)
in the NDA group. A sensitivity analysis was performed by
sequentially removing each study as there was a moderate
heterogeneity in the analysis (Table S7). The sensitivity analysis
gave similar effect estimates, excluding any sampling errors.

3.5.2 | Thrombosis

High certainty evidence in 16 studies with 10,081 participants
revealed that the TDA reduces thrombosis (RR = 0.59; 95%
CI = 0.48, 0.72; > = 0%; p < 0.00001; Figure 3). The incidence
of thrombosis was 2.56% (142/5543) in those on TDA versus 5.53%
(251/4538) in those on NDA.

3.5.3 | Major Bleeding

High certainty evidence in 17 studies with 10,114 participants
revealed that there is an increase in major bleeding in the TDA
group compared to the NDA group (RR =1.87;95% CI =1.29, 2.69;
I = 0%; p = 0.0001; Figure 4). The incidence of major bleeding
was 1.65% (92/5562) and 1.01% (46/4552) in the TDA and NDA
groups.

3.6 | Secondary Outcomes
3.6.1 | Thrombosis or Death

Low certainty evidence in eight studies with 8540 revealed that
TDA may reduce a composite outcome of thrombotic events or
deaths (RR =0.79; 95% CI = 0.65, 0.96; I> = 59%; p = 0.02; Figure 5).
The incidence of thrombosis or death in the TDA arm was 11.00%
(531/4824) and that of NDA was 15.79% (587/3716).

3.6.2 | Survival Without Organ Support at 28 Days

Moderate certainty evidence in six studies with 6800 participants
revealed that TDA causes a slight increase in survival without
organ support at 28 days compared to NDA (RR = 1.03; 95%
CI = 1.01, 1.05; I = 0%; p = 0.002; Figure 6). The survival rate
at TDA was 87.13% (3407/3910) and that of NDA was 81.76%
(2363/2890).
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TABLE 2 | Outcomes extracted from each study.

Survival Organ
All-cause Major Thrombosis without support
Study ID mortality Thrombosis bleeding ordeath organ support free days
Connors MJ et al. (2021) ACTIV—IV B X X X
(NCT04498273)
Marcos M et al. (2021) BEMICOP X X X
(NCT04604327)
Verona JF et al. (2022) BEMICOVID 19 X X X
(NCT04420299)
Lopez DR et al. (2021) ACTION-COALITION X X X X
(NCT04394377)
Sholzberg et al. (2021) RAPID TRIAL X X X X X
(NCT04362085)
The REMAP-CAP, ACTIV-4a, and ATTACC X X X X X X
Investigators Non-Critical (2021)
(NCT04372589, NCT04505774, NCT02735707
and NCT04359277)
Spyropoulos AC et al. (2021) HEP-COVID X X X X
(NCT04401293)
Labbé V et al. (2023) ANTICOVID TRIAL X X X X X X
(NCT04808882)
Olynyk et al. (2021) (CTR [Ukraine]: X
0112U0001413)
Stone GW et al. (2023) FREEDOM COVID-19 X X X X X X
(NCT04512079)
Murioz-Rivas N et al. (2022) X X X X
PROTHROMCOVID (NCT04730856)
Lemos ACB et al. (2020) HESACOVID (REBEC x x x x
RBR-949z6v)
The REMAP-CAP, ACTIV-4a and ATTACC X X X X X
Investigators—Critical (2021) (NCT04372589,
NCT04505774, NCT02735707 and
NCT04359277)
Bohula EA et al. (2022) COVIDPACT X X X
(NCT04409834)
Rashidi F et al. (2022) (IRCT20200515047456N1) X
Blondon M (2022) SWISS COVID-HEP X X X
(NCT04345848)
Rauch Krohnert U (2023) COVID-PREVENT X X X
(NCT044160048)

3.6.3 | Organ Support-free Days

Organ support-free days were measured differently among the
various studies with three studies reporting in median days
and interquartile range (IQR) [34, 35, 38], one study reporting
adjusted odds ratio, and one study reporting in mean days + stan-
dard deviation (SD) [39]. One study reported both median and
IQR, and mean and SD [28]. Since, they could not be pooled

into a meta-analysis, the extracted data are represented in
Table Sé6.
3.7 | Subgroup Analysis (Disease Severity)

Subgroup analyses were done to identify the impact of TDA
versus NDA in various severity of COVID-19 illness. We analysed
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TDA NDA Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
v Blondon M et. al. (2022) (SWISS COVID-HEP) 3 79 3 80 1.2% 1.01[0.21,4.87) PR S

v Bohula EA et. al. (2022) (COVIDPACT) 36 191 32 191 8.9% 1.13[0.73,1.73) o

v Connors MJ et. al (2021) (ACTIV -1V B) 0 135 0 143 Not estimable

v Labbé V et.al (2023) (ANTICOVID TRIAL) 14 110 29 224 6.0% 0.98[0.54, 1.78] ——

v Lemos ACB et. al. (2020) (HESACOVID) 2 10 5 10 1.5% 0.40[0.10, 1.60) _—

v Lopez DR et. al (2021) (ACTION-COALITION) 35 310 23 304 7.5% 1.49[0.90, 2.46) | o

v Marcos M et. al (2021) (BEMICOP) 2 32 1 33  05% 2.06[0.20, 21.64] R S
v Muiioz-Rivas N et. al (2022)(PROTHROMCOVID)* 2 105 5 206 1.1% 0.78[0.15, 3.98] —_—

v Olynyk et. al (2021) 17 84 14 42 5.9% 061[0.33, 1.11) ]

v Rashidi F et. al (2022) 2 5 4 5 21% 0.50[0.16, 1.59] —_—

v Rauch-Krohnert U et.al (2023) (COVID PREVENT)® 2 55 3 56 1.0% 0.68[0.12,3.91) J—

v REMAP-CAP, ACTIV-4a and ATTACC (CRITICAL) (2021) 199 534 200 564 16.7% 1.05[0.90, 1.23) .

v REMAP-CAP, ACTIV-4a, ATTACC (NON-CRITICAL)(2021) 86 1180 86 1046 12.7% 0.89[0.67,1.18] -

v Ribeiro LTC et.al (2023)(HEPMAB) 24 154 42 154  85% 0.57[0.36, 0.90] ———

v Sholzberg et.al (2021) (RAPID TRIAL) 4 228 18 237 2.4% 0.23[0.08,0.67] ——

v Spyropoulous AC et. al (crt) (2021) (HEPCOVID) 16 45 15 38 66% 0.90[0.52, 1.57] ——

v Spyropoulous AC et. al(med) (2021) (HEPCOVID) 9 84 16 86  42% 0.58[0.27 , 1.23] —t

v Stone GW et. al (2023) (FREEDOM COVID-19) 108 2257 78 1141 12.9% 0.70[0.53, 0.93] -

v Verona JF etal (2022) (BEMICOVID 19) 1 38 0 38 03% 3.00[0.13, 71.40) _
Total (95% Cl) 5636 4598 100.0% 0.83 [0.70, 0.99] .
Total events: 562 574

Heterogeneity: Tau? = 0.04; Chi® = 28.60, df = 17 (P = 0.04); I = 41% 001 01 o 00
Test for overall effect: Z = 2.03 (P = 0.04) Favours TDA Favours NDA
Test for subgroup differences: Not applicable

Footnotes

*Non-critical patients

*non-crtical patients

FIGURE 2 | Pooled analysis: all-cause mortality.
TDA NDA Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
v Blondon M et. al. (2022) (SWISS COVID-HEP) 1 79 2 80 0.7% 0.51[0.05, 5.47) I

v Bohula EA et. al. (2022) (COVIDPACT) 19 191 29 191 14.0% 0.66 [0.38 , 1.13) —

v Connors MJ et. al (2021) (ACTIV - IV B) 0 135 0 135 Not estimable

v Labbé V et.al (2023) (ANTICOVID TRIAL) 6 110 29 224  57% 0.42[0.18 , 0.98) —_—

Vv Lemos ACB et. al. (2020) (HESACOVID) 2 10 2 10 1.3% 1.00[0.17,5.77) S, T—

v Lopez DR et. al (2021) (ACTION-COALITION) 23 310 30 304 15.3% 0.75[0.45, 1.26) —et

v Marcos M et. al (2021) (BEMICOP) 0 32 2 33  0.5% 0.21[0.01,4.13) I

v Mufioz-Rivas N et. al (2022)(PROTHROMCOVID) 2 105 6 206 1.6% 0.65[0.13 , 3.18) —t

v Rauch-Kréhnert U et.al (2023) (COVID PREVENT) 0 55 1 56  0.4% 0.34 [0.01, 8.15) N

v REMAP-CAP, ACTIV-4a and ATTACC (CRITICAL) (2021) 38 530 62 569 27.7% 0.65[0.44 , 0.95) -

v REMAP-CAP, ACTIV-4a, ATTACC (NON-CRITICAL)(2021) 16 1180 28 1046  11.2% 0.51[0.28, 0.93) ——

v Ribeiro LTC et.al (2023)(HEPMAB) 1 154 7 154 1.0% 0.14 [0.02, 1.15)

v Sholzberg et.al (2021) (RAPID TRIAL) 2 228 8 237 1.7% 0.26 [0.06, 1.21) ——

v Spyropoulous AC et. al (crt) (2021) (HEPCOVID) 7 45 10 38  55% 0.59 [0.25, 1.40) —

v Spyropoulous AC et. al(mod) (2021) (HEPCOVID) 5 84 22 86  4.8% 0.23[0.09, 0.59) —_—

v Stone GW et. al (2023) (FREEDOM COVID-19) 18 2257 10 1141 7.0% 0.91 [0.42, 1.96) —_——

V Verona JF et.al (2022) (BEMICOVID 19) 2 38 3 38 1.4% 0.67 [0.12,3.77) .

Total (95% Cl) 5543 4538 100.0% 0.59 [0.48, 0.72) ’

Total events: 142 251

Heterogeneity: Tau® = 0.00; Chi? = 11.13, df = 15 (P = 0.74); I = 0% 001 01 0 100
Test for overall effect: Z = 5.08 (P < 0.00001) Favours TDA Favours NDA

Test for subgroup differences: Not applicable

FIGURE 3 | Pooled analysis: thrombosis.

the outcomes of patients with critical and non-critical COVID-19
illness separately. The studies that included ambulatory patients
and patients with overlapping disease severity were excluded [29,

34, 42].

3.8 | WHO Non-critical Group

Outcomes from 10 studies [28, 30-32, 34, 36, 39-41, 43] were

analysed together.

All-cause mortality: 10 studies with 7562 patients revealed
mild reduction in all-cause mortality in patients using TDA
versus NDA (RR =0.79;95% CI = 0.67,0.94; I> = 41%; p = 0.08).
The incidence of all-cause mortality was 6.08% (266/4373)
in the TDA group and 7.65% (244/3189) in the NDA group
(Figure 7).

Thrombosis: nine studies with 7436 participants showed that
TDA reduces thrombosis (RR = 0.55; 95% CI = 0.41, 0.74;
I = 0%; p = 0.0004). The incidence of thrombosis was 1.58%

7 of 13

85UB017 SUOWWIOD 9AIE81D) |qeal|dde sy A peusenob ae sejoile O ‘8N JO SajnJ J0j AfelqiT 8UlJUQ AB[IA UO (SUOIPUOI-PU-SWLBI/L0D A8 1M Alelg[euluo//sdny) SuonipuoD pue swiie | 8y 8es *[6z0z/c0/0T] uo Akeiqiauliuo Ao|iM s81 A 00TT Zey/200T 0T/I0p/L0D A8 1M Aeld1jeul|uo//sdny wouy pepeojumod ‘T ‘G202 ‘9vT98892



TDA NDA Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
v Blondon M et. al. (2022) (SWISS COVID-HEP) 1 79 2 80 2.4% 0.51[0.05,5.47) I
v Bohula EA et. al. (2022) (COVIDPACT) 4 191 1 191 2.8% 4.00[0.45,35.46) S S —
v Connors MJ et. al (2021) (ACTIV -1V B) 0 143 0 135 Not estimable
v Labbé V et.al (2023) (ANTICOVID TRIAL) 4 110 7 224 9.3% 1.16[0.35, 3.89) PR F—
v Lemos ACB et. al. (2020) (HESACOVID) 4 10 2 10 6.4% 2.00[0.47 , 8.56) S I
v Lopez DR et. al (2021) (ACTION-COALITION) 10 310 4 304 10.2% 245[0.78,7.73) d——
v Marcos M et. al (2021) (BEMICOP) 0 32 0 33 Not estimable
v Muiioz-Rivas N et. al (2022)(PROTHROMCOVID) 0 105 0 206 Not estimable
v Rashidi F et. al (2022) 0 5 0 5 Not estimable
v Rauch-Krohnert U et.al (2023) (COVID PREVENT) 1 55 0 56 1.3% 3.05[0.13,73.38) J—
v REMAP-CAP, ACTIV-4a and ATTACC (CRITICAL) (2021) 20 536 13 567 28.5% 1.63[0.82,3.24) 4
v REMAP-CAP, ACTIV-4a, ATTACC (NON-CRITICAL)(2021) 22 1180 9 1047 22.7% 217 [1.00, 4.69) —-—
v Ribeiro LTC et.al (2023)(HEPMAB) 9 154 1 154 32% 9.00(1.15,70.18) —_—
v Sholzberg et.al (2021) (RAPID TRIAL) 2 228 4 237 4.7% 0.52[0.10,2.81) —t
v Spyropoulous AC et. al (crt) (2021) (HEPCOVID) 4 45 0 38 1.6% 7.63(0.42, 137.36) —_
v Spyropoulous AC et. al(mod) (2021) (HEPCOVID) 2 84 2 86 3.6% 1.02[0.15,7.10) R GE—
v Stone GW et. al (2023) (FREEDOM COVID-19) 9 2257 1 1141 32% 4.55[0.58 ,35.87) —_
Vv Verona JF et.al (2022) (BEMICOVID 19) 0 38 0 38 Not estimable
Total (95% Cl) 5562 4552 100.0% 1.87 [1.29, 2.69) ‘
Total events: 92 46
Heterogeneity: Tau? = 0.00; Chi* = 9.42, df = 12 (P = 0.67); I = 0% 001 01 o 100
Test for overall effect: Z = 3.33 (P = 0.0009) Favours TDA Favours NDA
Test for subgroup differences: Not applicable
FIGURE 4 | Pooled analysis: major bleeding.
TDA NDA Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
v Blondon M et. al. (2022) (SWISS COVID-HEP) 4 79 - 80 1.9% 1.01[0.26 , 3.91)] —_—
v Labbé V et.al (2023) (ANTICOVID TRIAL) 19 110 50 224 9.8% 0.77 [0.48 , 1.25) -}
v Lopez DR et. al (2021) (ACTION-COALITION) 46 310 44 304 123% 1.03[0.70, 1.50] o
v REMAP-CAP, ACTIV-4a and ATTACC (CRITICAL) (2021) 213 531 230 560 20.6% 0.98[0.85, 1.13] "
v REMAP-CAP, ACTIV-4a, ATTACC (NON-CRITICAL)(2021) 94 1180 104 1046 16.2% 0.80[0.61, 1.05) -
v Sholzberg et.al (2021) (RAPID TRIAL) 5 228 24 237 3.6% 0.22[0.08 , 0.56) —_—
v Spyropoulous AC et. al (crt) (2021) (HEPCOVID) 23 45 21 38 11.7% 0.92[0.62, 1.39) . 5
v Spyropoulous AC et. al(mod) (2021) (HEPCOVID) 14 84 31 86 8.1% 0.46 (0.27 , 0.81) ——
v Stone GW et. al (2023) (FREEDOM COVID-19) 13 2257 79 1141 158% 0.72[0.55, 0.96) -
Total (95% CI) 4824 3716 100.0% 0.79 [0.65 , 0.96]
Total events: 531 587 ﬂ
Heterogeneity: Tau? = 0.04; Chi* = 19.42, df = 8 (P = 0.01); I’ = 59% 0.01 0.1 1 10 100
Test for overall effect: Z = 2.41 (P =0.02) Favours TDA Favours ND,

Test for subgroup differences: Not applicable

FIGURE 5 | Pooled analysis (thrombosis or death).

(68/4289) in the TDA group and 3.49% (110/3147) in the NDA
group (Figure S4).

survival rate was 87.13% (3407/3910) in the therapeutic group
and 81.76% (2363/2890) in the non-therapeutic group (Figure

* Major bleeding: nine studies with 7437 participants showed S6).

that TDA increases the incidence of major bleeding (RR =1.98;

95% CI = 1.17, 3.36; I> = 0%; p = 0.02). The incidence of major

bleeding was 1.07% (46/4289) in the TDA group and 0.63% 3.9 |
(20/3148) in the NDA group (Figure S5).

WHO Critical Group

Outcomes from six studies [27, 32, 33, 35, 38, 44] were analysed

* Thrombosis or death: six studies with 6873 participants " . ;
together in the critical category of patients.

showed that TDA reduces thrombosis or death (RR = 0.78;
95% CI = 0.62, 0.86; I* = 68%; p = 0.02). The incidence of

thrombosis or death was 6.70% (272/4059) in the TDA group
and 10.02% (282/2814) in the NDA group (Figure S6).

Survival without organ support at 28 days: six studies with
6800 participants revealed that TDA causes a slight increase
in survival without organ support at 28 days compared to NDA
(RR = 1.04; 95% CI = 1.01, 1.06; I* = 0%; p = 0.002). The

+ All-cause mortality: six studies with 1681 participants showed
that there is no effect of TDA on all-cause mortality as
compared to NDA (RR = 1.03; 95% CI = 0.89, 1.18; I = 0%;
p = 0.72). The incidence of all-cause mortality was 31.12%
(258/829) in the TDA group and 30.39% (259/852) in the NDA
group (Figure 7).
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TDA NDA Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
v Labbé V et.al (2023) (ANTICOVID TRIAL) 87 110 169 224 24% 1.05[0.93, 1.18)
v Munoz-Rivas N et. al (2022)(PROTHROMCOVID) 84 105 158 206 2.4% 1.04 [0.92, 1.18]
v REMAP-CAP, ACTIV-4a, ATTACC (NON-CRITICAL)(2021) 932 1175 789 1046 17.6% 1.05[1.01, 1.10)
v Sholzberg et.al (2021) (RAPID TRIAL) 186 228 183 237 4.2% 1.06 (0.96 , 1.16)
v Stone GW et. al (2023) (FREEDOM COVID-19) 2090 2257 1032 1141 73.3% 1.02[1.00, 1.05]
Total (95% Cl) 3875 2854 100.0% 1.03 [1.01, 1.05)
Total events: 3379 2331
Heterogeneity: Tau? = 0.00; Chi = 1.82, df = 4 (P = 0.77); I = 0% 061 01 1 o 100
Test for overall effect: Z = 3.16 (P = 0.002) Favours TDA Favours NDA
Test for subgroup differences: Not applicable
FIGURE 6 | Pooled analysis: survival without organ support at 28 days.

TOA NDA Risk ratio Risk ratio
Study or Sudgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
3.1.1 Non-<crtical group
Lopez DR et al (2021) (ACTION-COALITION) 3% 310 23 304 44N 149(090,246) —
Marcos M & al (2021) (BEMICOR) 2 2 1 33 02% 206[020,21649) —_—
MuozZ-Rivas N et al (2022)PROTHROMCOVID P 2 105 5 206 06% 0.78(0.15.398) —_—
Olyryk et al (2021) 17 84 14 42 35% 061[033,1.11) —
Rauch-Krohnert U et al (2023) (COVID PREVENTP 2 55 3 5 06% 063[0.12.391) p—
REMAP-CAP, ACTIV-4a, ATTACC (NON-CRITICALY2021) & 1180 &% 1046 17.1% 089067, 1.18) -
Sholzderg et al (2021) (RAPID TRIAL) 4 228 18 27 33% 023(008,067) —
Spyropouous AC et aymod) (2021) (HEPCOVID) 9 84 16 8%  30% 0581027.12Y) —t
Stone G\ et al (2023) (FREEDOM COVID-19) 108 2257 78 1141 194% 070(053.0%) -
Verona JF et al (2022) (BEMICOVID 19) 1 38 0 3B  01% 300[0.13.7140)
Sudtotal Q{1 3189 522%  0.79[0.67,0.94) ¢
Total events 265 244
Testfoc overallefiect Z =271 (P =0.007)
Heterogenety. Chi' = 1533, af=9 (P = 008) I'= 41%
3.1.2 Cnucal group
Bloncon M et al. (2022) (SWISS COVID-HEP) 3 44 3 4 06% 100(021.469) -_—t
Bohuta EA et al (2022) (COVIDPACT) % 191 kv 191 60% 113[073.173) +
Lemos ACB ¢t al (2020) (HESACOVID) 2 10 5 100 09% 0.40(0.10, 160) _—
Rashix F et al (2022) 2 5 4 5 08% 050(0.16,1.59) —_—t
REMAP.CAP, ACTIV-4a and ATTACC (CRITICAL) (2021) 199 534 200 564 5% 105090, 123 ]
Spyropouious AC et al (cr) (2021) (HEPCOVID) 16 45 15 38 31N 0.90[052.157) ==
Subdtotal 829 852 47.8%  1.03[0.89,1.18) )
Total events 258 259
Test foc overall efect Z= 039 (P = 069)
Heterogenety. Chit = 3.73, 8= S (P = 0.59), I' = 0%
Total 5202 4041 100.0%  0.91[0.81,1.01) {
Total events 524 503

Test foc overallefect Z = 1.78 (P = 0.08)
Test foc sudbgroup aierences Ch = § 41, af= 1 (P=002), "= 81.5%
Heterogenely. Chi' = 24 31, of = 15 (P = 0.06) I' = 38%

Footnotes
aNon-critical pavents
dnon-<rtical patients

FIGURE 7 |

* Thrombosis: five studies with 1662 participants showed that
TDA reduces thrombosis as compared to NDA (RR = 0.65;
95% CI = 0.48, 0.86; I> = 0%; p = 0.004). The incidence of
thrombosis was 8.17% (67/820) in the TDA group and 12.47%
(105/842) in the NDA group (Figure S4).

* Major bleeding: six studies with 1757 participants showed TDA
increases major bleeding as compared to NDA (RR = 1.85;
95% CI = 1.06, 3.23; I = 0%; p = 0.05). The incidence of

001 01 1 10 100
Favours TDA Favours NDA

Stratified analysis according to disease severity: all-cause mortality.

major bleeding was 3.97% (33/831) in the TDA group and 2.10%
(18/855) in the NDA group (Figure S5).

* Thrombosis or death: three studies with 1262 participants
showed that TDA had no effect on reducing the composite
outcome of ‘thrombosis or death’ as compared to NDA
(RR=0.97;95% CI1=0.85,1.11; I* = 0%; p = 0.67). The incidence
of thrombosis was 38.70% (240/620) in the TDA group and
39.71% (255/642) in the NDA group.
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3.10 | Number Needed to Treat-NNH Graph

The Number Needed to Treat (NNT) graph was generated for
the outcomes all-cause mortality, thrombosis and major bleeding
(Figure S8).

3.11 | Sensitivity Analysis

A sensitivity analysis was performed, and the results are shown
in Tables S7 and S8.

4 | Discussion

COVID-19, caused by SARS-CoV-2, is a complex disease char-
acterised by a wide range of symptoms. SARS-CoV-2 targets
endothelial cells resulting in its dysfunction, which may lead to
systemic damage, abnormal coagulation and the development of
life-threatening complications such as PE and sepsis. Inflamma-
tion activates blood cells to encourage thrombin-mediated clot
formation; besides, it releases cytokines such as tumour necrosis
factor-alpha and interleukin-1 and -6, all participating in COVID-
19 coagulopathy [45]. Tissue factor expression, on mononuclear
cells, thus induced by the ‘cytokine storm’ in COVID-19, acti-
vates the coagulation cascade. Complement activation, enhanced
von Willebrand factor release and antiphospholipid antibodies
are some of the other mechanisms leading to critical vascular
complications [45-47].

Studies show that about 17% of hospitalised COVID-19 patients
experience venous thromboembolism (VTE), including 12.1%
with DVT and 7.1% with PE. Additionally, 7.8% face bleeding
complications, with 3.9% experiencing major bleeding, especially
in critically ill patients [48].

A study that examined the incidence of VTE and arterial
thromboembolism (ATE) following a COVID-19 diagnosis in five
countries: the Netherlands, Italy, Spain, the UK and Germany,
found significant variation in the risk of VTE across these
countries [49].

The 90-day cumulative incidence of venous thrombosis ranged
from two per 1000 in the Netherlands to eight per 1000 in Spain,
while ATE incidence varied from one per 1000 in the UK up to
eight per 1000 in Spain. Older age was associated with a higher
risk of VTE after COVID-19, with a significantly increased risk of
death following thrombotic events. In England, the cumulative
excess risk of arterial thromboses within 49 weeks was 25 per 1000
and for venous thromboses was six per 1000, while in Sweden, the
reported risk for venous events within 30 days was about two per
1000 [50].

This review indicates that, compared with NDA, patients receiv-
ing TDA had a lower composite endpoint of death or thrombosis,
driven by a significantly lower rate of thrombotic events. This
benefit is accompanied by increased major bleeding. In a strat-
ified meta-analysis, TDA conferred no benefit in the critical
group with regard to death or thrombosis but a minor benefit
in the non-critical group. Application of TDA in COVID-19
patients for decreasing thrombosis risks, therefore, needs to

be weighed against increased risks of major bleeding, which
can be life threatening. Even though bleeding events were also
higher in the TDA group, only seven of them were reported to
be fatal [30, 34, 39] and one fatal bleeding event occurred in
the NDA group. Even early in the pandemic, it was clear that
anticoagulation increased the survival of patients, but the dosing
of anticoagulation remained controversial.

An existing SR comparing escalated-dose (intermediate-dose or
therapeutic-dose) versus standard-dose prophylactic anticoag-
ulation regimen in critically and non-critically ill COVID-19
patients requiring hospitalisation revealed no reduction in all-
cause mortality but was associated with an increase in major
bleeding [51]. Escalated doses were associated with lower rates of
VTE but had no significant effect on systemic arterial embolism
or myocardial infarction/stroke [36, 38, 39]. A living SR by Reis
et al. [52, 53] similar to our meta-analysis revealed that TDA
was beneficial for non-critical patients in terms of both mortality
and thrombotic events. A similar review suggested a pragmatic
approach using prophylactic dose anticoagulation in critically ill
patients and TDA in non-critically ill patients [54]. Our analysis
approach was unique from the above reviews in that we used a
clinically relevant categorisation of the anticoagulation dose (see
section on ‘Strengths’).

Several studies have investigated the efficacy of TDA in reducing
the need of mechanical ventilation and progression of the disease.
Despite its small size, HESACOVID trial found that a therapeutic
dose of anticoagulant (enoxaparin or UFH) significantly reduced
the need for mechanical ventilation and improved blood gas
parameters in a small group of patients with severe disease [35].
The RAPID trial, involving 465 patients with elevated D-dimer
values, compared standard prophylactic and therapeutic doses of
heparin. While the TDA did not significantly reduce the primary
outcome (a composite of death, invasive mechanical ventilation,
non-invasive mechanical ventilation, or admission to ICU), it
was associated with a significantly lower mortality rate [31]. The
BEMICOP Study compared therapeutic and prophylactic doses of
bemiparin in COVID-19 patients with non-severe pneumonia but
elevated D-dimer. The primary efficacy outcome (a composite of
death, ICU admission, mechanical ventilation, moderate/severe
acute respiratory distress, and VTE or ATE) did not differ
significantly between the two groups [36].

Two trials used novel oral anticoagulants, that is, rivaroxaban
and apixaban, which act by directly inhibiting the factor Xa,
rather than heparin. Heparin has been reported to also have
an anti-inflammatory action, which may have also contributed
to improved outcomes in COVID-19 [29, 30]. However, it also
carries bleeding risks, which need careful monitoring in COVID-
19 patients [55]. However, the absolute contribution of this
mechanism if any would need to be explored further in clinical
trials.

Long COVID-19, a multi-systemic condition affecting charac-
terised by persistent symptoms beyond 4 weeks involves ongoing
vascular endothelial damage that promotes platelet adhesion and
coagulation, leading to impaired organ function [56, 57]. Early
intervention including anticoagulation may protect the vascular
endothelium, reduce thrombotic risks and improve the quality of
life for affected patients [58].
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4.1 | Strengths and Limitations

Our SR included only RCTs and classified the COVID-19 severity
as per the WHO classification [Table S1] [21] and attempted to
derive the dose of anticoagulation required according to severity
strata [Table 1]. We defined anticoagulation doses as TDA and
NDA, with intermediate doses falling under NDA. Unlike other
reviews that compared prophylactic versus escalated doses, many
platform trials (e.g, REMAP-CAP, ACTIV-4a and ATTACC)
applied escalated anticoagulation doses as prophylaxis across
severity levels. Only the HEP-COVID trial disaggregated data by
disease severity [22, 26].

One of the limitations in our analysis is that we have not
distinguished between anticoagulation types. As aforementioned
we considered therapeutic anticoagulation as per standard defini-
tions specific for the various agents and have pooled data from the
trials that used rivaroxaban, apixaban and heparins—including
UFH, enoxaparin, tinzaparin and bemiparin.

5 | Conclusion

To conclude, TDA is beneficial in moderate to severe COVID-19
patients as it reduces the thrombosis and mortality, but with an
increase in major bleeding. At present TDA is not beneficial in
critical ill COVID-19 patients.
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