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Anticoagulants for thrombosis prophylaxis in acutely ill patients
admitted to hospital: systematic review and network

Ruben J Eck, Tessa Elling,? Alex J Sutton,? Jgrn Wetterslev,” Christian Gluud,*”
lwan C Cvan der Horst,%” Reinold O B Gans," Karina Meijer,” Frederik Keus®

ABSTRACT

OBJECTIVE

To assess the benefits and harms of different types
and doses of anticoagulant drugs for the prevention of
venous thromboembolism in patients who are acutely
ill and admitted to hospital.
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the journal online. DESIGN

Citethisas: BM/ 2022;378:e070022  Gystematic review and network meta-analysis.
http://dx.doi.org/10.1136/

bmj-2022-070022 DATA SOURCES

Cochrane CENTRAL, PubMed/Medline, Embase, Web
of Science, clinical trial registries, and national health
authority databases. The search was last updated on
16 November 2021.

ELIGIBILITY CRITERIA FOR SELECTING STUDIES
Published and unpublished randomised controlled
trials that evaluated low or intermediate dose low-
molecular-weight heparin, low or intermediate dose
unfractionated heparin, direct oral anticoagulants,
pentasaccharides, placebo, or no intervention for the
prevention of venous thromboembolism in acutely ill
adult patients in hospital.

MAIN OUTCOME MEASURES

Random effects, bayesian network meta-analyses
used four co-primary outcomes: all cause mortality,
symptomatic venous thromboembolism, major
bleeding, and serious adverse events at or closest
timing to 90 days. Risk of bias was also assessed
using the Cochrane risk-of-bias 2.0 tool. The quality of
evidence was graded using the Confidence in Network
Meta-Analysis framework.

Accepted: 21 May 2022

WHAT IS ALREADY KNOWN ON THIS TOPIC

The optimal anticoagulant type and dose for the prevention of venous
thromboembolism in acutely ill adults in hospital is unknown

Previous pairwise meta-analyses have had a limited number of direct
comparisons between different anticoagulant drugs and doses

WHAT THIS STUDY ADDS

Low-molecular-weight heparin in an intermediate dose might confer
the best balance between benefits and harms for prevention of venous
thromboembolism; other anticoagulant types and doses had smaller
thromboembolism reductions or an increased bleeding risk

A systematic discrepancy was noted in intervention effects that depended on
whether placebo or no intervention was the reference treatment; future network
meta-analyses should consider separating placebo and no intervention arms
The main limitations of this study were the quality of the evidence, which was
generally low to moderate, and statistical inconsistency, which was dealt with
post hoc

thelbmj | BMJ2022;378:e070022 | doi: 10.1136/bmj-2022-070022

RESULTS

44 randomised controlled trials that randomly
assigned 90095 participants were included in the
main analysis. Evidence of low to moderate quality
suggested none of the interventions reduced all cause
mortality compared with placebo. Pentasaccharides
(odds ratio 0.32, 95% credible interval 0.08 to 1.07),
intermediate dose low-molecular-weight heparin
(0.66, 0.46 to 0.93), direct oral anticoagulants (0.68,
0.33 to 1.34), and intermediate dose unfractionated
heparin (0.71, 0.43 to 1.19) were most likely to
reduce symptomatic venous thromboembolism (very
low to low quality evidence). Intermediate dose
unfractionated heparin (2.63, 1.00 to 6.21) and direct
oral anticoagulants (2.31, 0.82 to 6.47) were most
likely to increase major bleeding (low to moderate
quality evidence). No conclusive differences were
noted between interventions regarding serious
adverse events (very low to low quality evidence).
When compared with no intervention instead of
placebo, all active interventions did more favourably
with regard to risk of venous thromboembolism

and mortality, and less favourably with regard to

risk of major bleeding. The results were robust in
prespecified sensitivity and subgroup analyses.

CONCLUSIONS

Low-molecular-weight heparin in an intermediate dose
appears to confer the best balance of benefits and
harms for prevention of venous thromboembolism.
Unfractionated heparin, in particular the intermediate
dose, and direct oral anticoagulants had the least
favourable profile. A systematic discrepancy was
noted in intervention effects that depended on
whether placebo or no intervention was the reference
treatment. Main limitations of this study include the
quality of the evidence, which was generally low to
moderate due to imprecision and within-study bias,
and statistical inconsistency, which was addressed
post hoc.

SYSTEMATIC REVIEW REGISTRATION
PROSPERO CRD42020173088.

Introduction

Venous thromboembolism is a multifactorial disease
frequently complicating the course of acute illness.!
Up to half of all thrombotic events have been
estimated to be attributable to a current or recent
hospitalisation, making prevention of in-hospital
venous thromboembolism a worthwhile aim.’
Any anticoagulant intervention such as coumarin,
unfractionated heparin, low-molecular-weight heparin,
pentasaccharides, or direct oral anticoagulants can be
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used for this purpose. However, the balance of benefits
and harms is different for each drug. Major European
and North American guidelines recommend the use of
low-molecular-weight heparin or pentasaccharides for
thrombosis prophylaxis in acutely ill patients at risk of
venous thromboembolism, but they differ with regard
to unfractionated heparin.? * Other anticoagulants are
not routinely recommended.> *

Pentasaccharides have been studied and registered
for venous thromboembolism prevention in a
single dose, but low-molecular-weight heparin and
unfractionated heparin can be administered in several
doses depending on the country and setting.”® We
previously distinguished between low, intermediate,
and high dose low-molecular-weight heparin based
on the summary of product characteristics and
randomised controlled trial dosing regimens.'® '* A
network meta-analysis on prophylaxis in surgical
patients found different intervention effects for
different prophylactic low-molecular-weight heparin
doses.'? Additionally, a Cochrane meta-analysis in
patients with covid-19 found no conclusive benefits
of high dose low-molecular-weight heparin or
unfractionated heparin over lower doses. > Apart
from trials in patients with covid-19, head-to-head
comparisons of different anticoagulant doses in
acutely ill patients admitted to hospital have been
scarce.!® Given the widespread use of thrombosis
prophylaxis in this patient category, the question
remains as to which anticoagulant type and dose are
optimal in terms of benefits and harms.

We conducted a systematic review with network
meta-analysis to combine all available direct and
indirect evidence. Our objective was to assess the
benefits and harms of different types and doses
of anticoagulant drugs for prevention of venous
thromboembolism in acutely ill adults who have been
admitted to hospital.

Methods

This systematic review was conducted according
to a prospectively registered protocol (PROSPERO
CRD42020173088) and is in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) extension statement
for reporting network meta-analyses (supplementary
table 1).*

Information sources and search

We searched Cochrane CENTRAL, PubMed/Medline,
Embase, and Web of Science using a search strategy
developed with the help of a medical information
specialist (supplementary table 2). The search consisted
of four domains (intervention, outcome, methodology,
and some exclusion terms) and medical subject
headings were used for searching PubMed/Medline.
We also searched Google Scholar, clinicaltrials.gov, the
World Health Organization International Clinical Trials
Registry Platform, the European Medicines Agency
registry, and the US Federal Drug Agency registry. The
search was first conducted on 3 March 2020 and was

RESEARCH

last updated on 16 November 2021. We did not restrict
on date, language, publication status, or year.

Eligibility criteria

We included all randomised controlled trials that
evaluated pharmacological thrombosis prophylaxis
for prevention of venous thromboembolism in acutely
ill adults admitted to hospital. Quasi-randomised
studies and observational studies were excluded. We
included trials regardless of the type of acute illness
but excluded randomised controlled trials that focused
on elective surgical patients. We adhered to the illness
definitions of the individual trials, which generally
meant that critical illness was defined as admittance
to an intensive care unit and acutely ill patients as
admitted either to general medical wards, cardiology,
or stroke units. We excluded studies in which patients
were treated with intravenous anticoagulation or non-
pharmacological methods. Mechanical prophylaxis
and anticoagulant co-interventions were allowed
in our inclusion criteria provided they were either
balanced or both intervention groups were equally
likely to have received them.

Interventions and comparators

We assessed low dose low-molecular-weight heparin,
intermediate dose low-molecular-weight heparin,
low dose unfractionated heparin, intermediate
dose unfractionated heparin, standard dose direct
oral anticoagulants, pentasaccharides, coumarins,
heparinoids, platelet inhibitors, placebo, and no
intervention. The interventions low-molecular-weight
heparin and unfractionated heparin were categorised
as low or intermediate dose according to a priori
defined cut-offs that were based on summary of product
characteristics and clinical trials dosing regimens
(table 1). We assumed that intervention effects within
either of the dose strata were interchangeable with
respect to benefits and harms. We originally planned
to distinguish between different doses of direct oral
anticoagulants and different intensities of coumarins,
but no such trials were identified. Additionally,
placebo and no intervention were assessed as separate
nodes in the network. The remaining interventions
were assessed on a class level, regardless of dose. In
two small randomised controlled trials where weight
adjusted doses were used, we classified the trial
according to the dose that was judged to be used most
frequently.”” ®

Outcomes
We collected data for four co-primary outcomes:
all cause  mortality, symptomatic = venous

thromboembolism, major bleeding, and serious adverse
events. Symptomatic venous thromboembolism was
a composite of deep vein thrombosis and pulmonary
embolism. A diagnosis of deep vein thrombosis or
pulmonary embolism was accepted when objectified
by radiological imaging or autopsy, regardless of
anatomical location. If only deep vein thrombosis
or pulmonary embolism was reported, we used that

doi: 10.1136/bmj-2022-070022 | BMJ 2022;378:e070022 | the bmj
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Table 1 | Classification of low and intermediate dose low-molecular-weight heparin and

unfractionated heparin. Classification is based on the total daily dose regardless of

dosing frequency. IlU=international units
Classification

Dose applied by included

Intervention and type Low dose Intermediate dose randomised controlled trials
Low-molecular-weight heparin:

Nadroparin <5700 IU >5700 IU 2850 to 8200 IU

Dalteparin <5000 IU >5000 IU 2500 to 5000 IU

Enoxaparin 40 mg =240 mg 20to 60 mg

Certoparin <5000 IU >5000 IU 3000 to 6000 IU
Unfractionated heparin <10000 IU »10000 IU 10000 to 25000 IU

value for the venous thromboembolism estimate. In
randomised controlled trials that screened for deep
vein thrombosis but did not specify which events were
symptomatic, the deep vein thrombosis count was
excluded from the venous thromboembolism outcome.
Major bleeding and serious adverse events were
defined according to the criteria used in the individual
trials. The timing of all outcome assessments was 90

days or any reported timing closest to 90 days.

Mortality

None

Placebo

UFH (int)

Major bleeding

Placebo

UFH (int)

LMWH (low)

LMWH (low)

LMWH @int)

UFH (low)

LMWH (@int)

DOAC

UFH (low)

Placebo

Data collection

Two authors (RE and TE) independently screened
titles, abstracts, and full texts, where applicable,
using the web based application Rayyan.'® Data
extraction was then conducted independently by the
same authors using a structured form. We extracted
information about study characteristics (publication
year, country, participating sites, and number of
participants enroled); participant characteristics (age,
sex, and other baseline characteristics); intervention
characteristics (dose and duration of thrombosis
prophylaxis, venous thromboembolism screening
methods, and co-interventions); potential effect
modifiers (defined in the statistical analysis); and
outcomes. We extracted arm based data from the trial
reports and constructed two by two tables for each trial
to calculate unadjusted odds ratios. For the IST 1997
trial, we used publicly available individual patient
data to merge the original six groups into three, with
aspirin as an equally balanced co-intervention.'” No
trials with cluster or crossover designs were found. If

Venous thromboembolism

None

Placebo

LMWH (low)

LMWH (@int)

UFH (low)

UFH (int)

Serious adverse events

UFH (int)

LMWH (low)

LMWH (int)

L
UFH (low)

Fig 1 | Network geometry for each outcome. Network plot is the overview of direct comparisons between interventions. Each circle represents an
intervention and is referred to as node. Node size correlates with the number of studies that included the intervention. Lines or edges between
nodes represent direct comparisons, and their thickness is proportional to the number of trials contributing to each comparison. The number of
trials is also included on the edges. DOAC=direct oral anticoagulant; Int=intermediate dose; low=low dose; LMWH=low-molecular-weight heparin;

Pentasach=pentasaccharides; UFH=unfractionated heparin

thelbmj | BMJ2022;378:e070022 | doi: 10.1136/bmj-2022-070022
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LMWH (low)

1.25(0.77 to 2.09)

0.79(0.48t0 1.32)

1.19(0.97 to 1.49)
LMWH (int)

0.63(0.43t00.92)

1.03(0.821t0 1.29)|0.99 (0.81 t0 1.25) | 2.14 (1.04 to 4.56) | 1.04 (0.68 to 1.64) | 0.94 (0.73 t0 1.19) [ 1.13 (0.93 to 1.40)

0.87(0.72t0 1.01)

0.84 (0.69 to 1.02) [ 1.80 (0.89 to 3.75) | 0.87 (0.59 to 1.29) [ 0.79 (0.61 to 0.96) | 0.95 (0.81 to 1.10)

UFH (low) 0.97(0.82t01.17)

1.18(0.72 t0 1.93)

0.94 (0.55t0 1.53)

2.08 (1.01 t0 4.43)| 1.01 (0.67 to 1.56) | 0.92 (0.76 to 1.05) [ 1.09 (0.89 to 1.38)

1.49(0.92 to 2.34) UFH (int)

2.47(0.70t0 10.2)

1.97 (0.57 t07.93)| 3.15(0.89t0 12.8)

1.23(0.58 t0 2.76)

0.98 (0.55t0 1.79) [ 1.56 (0.77 to 3.23) | 1.04 (0.49 to 2.38)

2.15(1.03t0 4.58)
2.12(0.58 t0 8.92) [{NEEEES ELLEE 0.49 (0.21 to 1.08)

0.50(0.11 to 2.00)

1.04 (0.68t0 1.62)|0.95(0.75t0 1.11) [ 1.13 (0.90 to 1.41)

0.44(0.20t0 0.92) [ 0.52 (0.25 to 1.04)

0.90(0.57 to 1.39) [ 1.09 (0.71 to 1.64)

0.54(0.31t0 0.95)

0.44 (0.25t0 0.69) | 0.69 (0.46 to 0.95) | 0.46 (0.28 t0 0.74) | 0.22 (0.05 to 0.79)

0.44 (0.19 to 0.94) BTN AL 1.20 (0.96 to 1.58)

0.82(0.53t0 1.29)

0.66 (0.46 t0 0.93) | 1.05 (0.68 to 1.56) [ 0.71 (0.43 to 1.19) | 0.32 (0.08 to 1.07) [ 0.68 (0.33 to 1.34)

1.53(0.93t0 2.59)

Fig 2 | Head-to-head comparisons of interventions for risk of mortality (upper white fields) and venous thromboembolism (lower shaded fields). Data
are odds ratio with 95% credible interval. Figure should be read from left to right: for comparisons of the mortality outcome (upper white fields) odds
ratios <1 favour the row defining treatment, whereas for venous thromboembolism (lower shaded fields), odds ratios <1 favour the column defining
treatment. For example, LMWH intermediate dose conclusively reduced venous thromboembolism compared with no intervention (odds ratio

0.44; 95% credible interval 0.25 to 0.69), placebo (0.66; 0.46 to 0.93), and UFH low dose (0.63; 0.43 to 0.92), but not to other anticoagulants. To
obtain odds ratios for comparisons in the opposite direction, reciprocals should be taken. DOAC=direct oral anticoagulant; int=intermediate dose;
LMWH=low-molecular-weight heparin; low=low dose; UFH=unfractionated heparin

we had doubt as to whether two trial reports shared
the same participants, we contacted the authors of
the trials to clarify whether the trial report had been
duplicated. We also sought contact with the authors in
case of missing outcome data for a particular trial. Any
differences in judgment regarding trial inclusion or
data collection were resolved through discussion with
a third and fourth author (FK and KM).

Risk of bias

Two authors (RE and TE) independently assessed the
risk of bias of included trials, using the Cochrane risk-
of-bias tool (RoB 2), in the following five domains:
bias arising from the randomisation process, bias
due to deviations from intended interventions, bias
due to missing outcome data, bias in measurement
of the outcome, and finally bias in selection of the
reported result.'® Only trials at low risk of bias in all
five domains were classified at overall low risk of bias,
whereas trials with one or more domains assessed as
some concerns or high risk were classified at high risk
of bias. We did a separate risk-of-bias assessment for
each outcome of each trial because some domains
could be judged differently depending on the outcome
assessed. We did not construct funnel plots adjusted
by comparison for detecting reporting bias because of
the low number of trials (<10) that directly informed
each comparison. We used the Confidence in Network
Meta-Analysis (known as CINeMA) framework and
web application to rate the quality of the treatment
effect estimates in comparison with placebo.' ?° This
framework distinguishes six domains (bias within
studies, reporting bias, indirectness, imprecision,
heterogeneity, and incoherence). For the assessment,
we used the average risk of bias for judging bias within
studies and indirectness of each comparison. The
reporting bias domain was not assessed, as discussed
previously. We defined a 15% relative risk reduction or

increase as a clinically relevant effect size for judging
the imprecision, heterogeneity, and incoherence
domains.

Statistical analysis

Assessment of transitivity

Transitivity is the key underlying assumption of a
networkmeta-analysis. Fromatheoretical perspective,
we assumed that patients who fulfilled the inclusion
were equally eligible to be randomly assigned to
any of the interventions that we compared.”’ We
reviewed this assumption before conducting any
analyses, exploring the dataset of eligible studies
for differences in a priori specified effect modifiers:
average patient age, sex, severity of illness, duration
of intervention, length of follow-up, and risk of bias.
In case the distribution of effect modifiers was judged
to be sufficiently comparable, studies were eligible for
data synthesis.

Pairwise meta-analysis and trial sequential analysis
We conducted conventional, random effects, pairwise
meta-analyses of all the comparisons that included
placebo for each outcome. To assess the risk of random
error, we used trial sequential analysis to evaluate
the direct comparisons with placebo. This analysis
is a sequential meta-analysis method that combines
required information size estimation (ie, the number
of participants needed to detect an a priori specified
relative risk reduction with an adjusted threshold for
statistical significance).?? 2> We did the trial sequential
analysis using the control event proportion from the
actual meta-analyses, an o of 2%, a B of 10%, an
anticipated relative risk reduction of 15%, and the
diversity (D?) suggested in the trial results in the meta-
analysis. We present results as odds ratio with 95%
confidence interval and odds ratio with trial sequential
analysis-adjusted confidence intervals.

doi: 10.1136/bmj-2022-070022 | BMJ 2022;378:e070022 | the bmj
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Intervention Placebo None
LMWH (low) —o— ——
i g L 2
L 2
LMWH (int) - —o—
& 4 >
L g
UFH (low) —— —o-
L 2 o—>|
UFH (int) —o— —o-
—> o>
>
Pentasach L 4 &
— *
DOAC —_— —_—
L 4 [—e
o—> o—>|
0.2 0.5 1 2 5 0.2 0.5 1 2 5
Favours Favours Favours Favours
intervention placebo intervention none
-~ Mortality -~ Major bleeding

=&~ Venous thromboembolism

-&- Serious adverse events

Fig 3 | Effect estimates of anticoagulants versus placebo or no intervention. Forest plots show effect estimates of each anticoagulant compared with
placebo and with no intervention on all four outcomes. Results <1.0 favour the anticoagulant and results »1.0 favour placebo or no intervention.
DOAC=direct oral anticoagulant; int=intermediate dose; low=low dose; LMWH=low-molecular-weight heparin; Pentasach=pentasaccharides;

UFH=unfractionated heparin

Network meta-analysis

We generated network diagrams for each outcome
to visually inspect which interventions had been
compared within the randomised controlled trials
(direct comparisons). We then performed random
effects network meta-analyses of all outcomes in a
bayesian framework.?*** Trials with zero events in both
groups were omitted. Multiarm trials were included,
accounting for the inherent correlation between their
treatment arms. We set a vague prior distribution for
all means and assumed a common variance between
trials (tr) with a uniform prior distribution for all
comparisons (supplementary table 3). To interpret
the level of heterogeneity, we calculated prediction
intervals, as these intervals could reflect the variation
in treatment effects over different settings, including
what effect is to be expected in patients in the future.?®
We assessed statistical heterogeneity based on the
magnitude of t* and the width of the prediction
intervals. All analyses were run using four Markov
chains with 250000 iterations after an initial burn-
in of 50000 and a thinning of 10. Convergence was

thelbmj | BMJ2022;378:e070022 | doi: 10.1136/bmj-2022-070022

monitored using trace plots and Brooks-Gelman-Rubin
statistics (supplementary figure 1-4).

We used node splitting models to assess local
inconsistency and obtain indirect effect estimates.
Because tests for inconsistency can be underpowered,
we also visually inspected direct and indirect effect
estimates for obvious differences. The initial node
splitting analysis of the venous thromboembolism
outcome was hampered by numerical instability due
to sparse events. This issue was solved by a continuity
adjustment, adding 0.5 to all cells in the two by two
table of randomised controlled trials with events in at
least one group but zero events in another group. No
continuity correction was applied in the main models
or in the other node splitting models.

We assessed the relative probability of an
intervention being among the best options by
calculating mean treatment rankings and surface
under the cumulative ranking scores. We presented
results from the network meta-analysis as odds
ratio with 95% credible intervals; as ranking curves
that display the cumulative probability that a given
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Intervention
—— None Placebo ----- LMWH (low) —-—LMWH (nt) — —UFH(ow) ——UFH(nt ----Pentasach ----DOAC
Mortality Venous thromboembolism
28 100
28
0 =
c3
[~
()
2 o
- O
Sz
==
ES
=X
Oo
0 =
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Ranking of treatments Ranking of treatments
Serious adverse events
£8 -~ 7 T
3; ‘t/' /_/’- ’/",/’ //
g s ’/ /_/' _ 71’ - /
[ g 2y el -7/ /
QL / R - Vd /
0O R4 e P /
> / P -~ s
= / T _- S /
g T s /
EC A = 7
=X Rt o /
Oo 7 L _
v /,—' -
_--/'/ ///
________________ -
7 8 1 2 3 4 5
Ranking of treatments Ranking of treatments

Fig 4 | Cumulative ranking curves for all four outcomes. Graphs show the cumulative probability of each intervention ranking, from best (rank
1) to worst (rank 8 or 5 depending on the number of treatments) for each outcome. A rank indicates the probability that an intervention is best,
second best, etc. For example, pentasaccharides and intermediate dose LMWH ranked best for preventing venous thromboembolism, whereas
no intervention ranked worst. DOAC=direct oral anticoagulant; int=intermediate dose; low=low dose; LMWH=low-molecular-weight heparin;
Pentasach=pentasaccharides; UFH=unfractionated heparin. An interactive version of this graphic is available at: https://bit.ly/3nmPgNs

intervention ranks first, second, or third, etc, among  Deviations from protocol
all tested interventions for reducing (or increasing) the  In contrast with our protocol, we decided to use odds
outcome of interest; and as posterior probabilities of  ratios instead of relative risks given their independence
benefit or harm for the highest ranked interventions.  of the outcome incidence.?? In addition to the search
We used trial sequential analysis software, version strategy specified in the protocol, we searched for
0.9.5.10; Metalnsight, version 1.1; and R software, patients who have had a stroke because they were
version 4.0.4 (gemtc, RJAGS, BUGSnet, and meta eligible for inclusion. We did not perform sensitivity
packages) for all analyses.”’”" analyses of the serious adverse events outcome to
assess the impact of attrition bias or underreporting
Subgroup and sensitivity analyses because this process was unfeasible in the network
We conducted several subgroup analyses according meta-analytical context of indirect comparisons.
to the risk of bias (low compared with any risk), risk ~We limited the trial sequential analysis to the direct
of vested interests (low compared with any risk), comparisons with placebo and did not conduct
patient population (three analyses respectively sensitivity analyses with more strict conditions because
excluding participants with stroke, critical illness, or  none of the main trial sequential analysis results was
acute medical illness), and publication year (split by  conclusive. We did not conduct a subgroup analysis
median). We conducted five sensitivity network meta- according to intervention duration because, in almost
analyses: including all identified studies irrespective of ~ all randomised controlled trials, the participants were
the distribution of effect modifiers or the intervention treated in fewer than 30 days.
used; including all anticoagulant interventions on a
group level irrespective of the dose; limiting follow- Patient and public involvement
up to 30 days; using two alternative priors for the No patients or members of the public were directly
variance between trials; and including placebo and no  involvedin this study as no primary data were collected.
treatment as one common control intervention in the During clinical routine, several of the authors have
network. All subgroup and sensitivity analyses were daily (or regular) contacts with acutely ill or critically
either preplanned or conducted per reviewer requests.  ill patients where benefits and harms of thrombosis
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LMWH (low)

0.77 (0.36 to 1.52)

0.72(0.27 t0 1.43)

1.55(0.60 to 3.56)

LMWH (int)

0.94 (0.44 to0 1.55)

1.38(0.31t05.27)|0.76 (0.34 to 1.29)

1.62(0.63 t0 3.67)

0.89(0.25 t0 3.05) [ 0.48 (0.20 to 1.05)

1.05(0.46 to 2.35)

UFH (low) 0.53(0.13t0 2.24)

0.40 (0.20t0 0.81)

0.51(0.26t0 1.15)

1.19(0.29 t0 5.15)

0.54(0.30to0 1.49) UFH (int)

1.08 (0.02 to 48.6)

1.40 (0.03 to 62.6) | 1.53 (0.03 to 72.6)

0.46 (0.15t0 1.28)

0.59(0.27t0 1.30) [ 0.63 (0.26 t0 1.99) [ 1.16 (0.37 t0 3.15)

2.7 (0.06 to 124) [N EEE e BT LS

0.42 (0.01t0 20.2)

2.19(0.87t0 5.82)

1.59 (0.52 to 3.95)

2.03(0.76 t0 5.04) [ 2.15 (1.06 to 5.46) | 4.10 (1.38 t0 8.66) | 1.44 (0.03 to 69.5)

3.46 (0.96 to 11.3) BN CRTILIAZN 1Al

1.05 (0.45 to 2.26)

1.37(0.70 t0 2.67) | 1.51 (0.68 t0 3.86) | 2.63 (1.00 to 6.21) [ 0.96 (0.02 to 46.3) | 2.31 (0.82 to 6.47) | 0.68 (0.23 to 2.07)

Placebo

Fig 5 | Head-to-head comparisons of interventions for risk of serious adverse events (upper white fields) and major bleeding (lower shaded fields).
Data are odds ratio with 95% credible interval. Figure should be read from left to right: for comparisons of the serious adverse event outcome (upper
white fields) odds ratios <1 favour the row defining treatment, whereas for major bleeding (lower shaded fields), odds ratios <1 favour the column
defining treatment. For example, UFH low dose conclusively increased risk of major bleeding compared with no intervention (odds ratio 2.15; 95%
credible interval 1.06 to 5.46), but not to placebo (1.51; 0.68 to 3.86) or other anticoagulants. To obtain odds ratio for comparisons in the opposite
direction, reciprocals should be taken. DOAC=direct oral anticoagulant; int=intermediate dose; LMWH=low-molecular-weight heparin; low=low
dose; UFH=unfractionated heparin

prophylaxis are discussed. The experiences from these
interactions have been taken into consideration during
the planning, conduct, and reporting of this systematic
review.

Results

Search results

After screening and selection, we identified 78
randomised controlled trials that were eligible for
inclusion in the systematic review (supplementary
figure 5). Data from two trials were published in
registries, and we received additional data for one
trial.>>>° Eighteen trials were excluded from analyses
because they either compared interventions that we
had grouped in the same treatment node; compared
interventions that we could not classify; or compared
a mix of interventions (supplementary table 4).343¢2

Transitivity

After review of collected data but before analyses, we
decided to exclude 10 randomised controlled trials
from the main analysis, judging that differences in
some of the predefined effect modifiers (baseline
disease status, median participant age, and mean
treatment duration) would threaten transitivity of
the network.>> >** Nevertheless, we noted evidence
of inconsistency in the node-splitting models of the
venous thromboembolism and bleeding outcome. We
found that six additional trials on interventions that are
generally not used anymore in daily practice (platelet
inhibitors, heparinoids, and coumarins) increased
statistical  inconsistency = without contributing
significant information to the network.®>%® Therefore
we excluded these trials from the main analysis. We
also excluded two randomised controlled trials from
the venous thromboembolism outcome analysis (but
not from the other outcomes) because of unusually
high pulmonary embolism rates.®” 7® Afterwards, node
splitting still showed statistical inconsistency in the
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bleeding outcome, but this appeared to be driven by
sparse events and sampling variation (supplementary
figure 6-9). All 16 randomised controlled trials that
were excluded from the main analysis to preserve
transitivity are displayed in supplementary table 5. In
sensitivity analysis 1, we included these trials to assess
the effect of the previously mentioned considerations
on the results (supplementary table 9).

Characteristics of included trials

Forty four trials that included 90095 participants
were included in the main analysis (supplementary
table 6).1417 33 69199 participants were admitted to
hospital for critical illness (seven trials, n=7330),
acute medical illness (23 trials, n=59 428), ischaemic
stroke (11 trials, n=23013), or myocardial infarction
(three trials, n=324). A total of 5612 (6.2%)
participants had received low dose low-molecular-
weight heparin, 22482 (25.0%) intermediate dose
low-molecular-weight heparin, 15235 (16.9%)
low dose unfractionated heparin, 9240 (10.3%)
intermediate dose unfractionated heparin, 429
(0.5%) pentasaccharides, 11064 (12.3%) direct oral
anticoagulants, 10095 (11.2%) placebo, and 15938
(17.7%) no intervention. The publication year ranged
from 1973 to 2016. The median reported age across
trials was 68.5 years (interquartile range 65.5-74.7),
the median percentage of women was 46.5% (40-
55%), and the median (planned or observed) duration
of intervention was 10 days (7-14). The included
randomised controlled trials reported 118 outcomes
that were assessed for risk of bias: 70 (59%) outcomes
were at low risk of bias in the randomisation process;
67 (57%) at low risk of deviations from intended
interventions; 84 (71%) at low risk of missing outcome
data, 93 (79%) at low risk of bias in measurement of the
outcome; and 87 (74%) at low risk of bias in selection
of the reported results. The overall risk of bias was low
in 13 (36%) of 36 trials assessing mortality, in nine

‘ybuAdos Aq pardajold ‘usbuluols Jo ANsianun e gzoz AINe GT uo /wod g mmmy/:diy woiy papeojumod ‘2zoz AINC ¥ Uo 2200.0-2202-IWa/9eTT 0T Se payslignd 1s1iy :CING



(28%) of 32 trials assessing venous thromboembolism,
in 16 (55%) of 29 trials assessing major bleeding,
and in three (38%) of eight trials assessing serious
adverse events (supplementary table 7). A summary
of bias within studies, per comparison, is displayed in
supplementary figures 10-13. In addition, 33 (75%) of
44 trials were at unclear or high risk of vested interests
(supplementary table 7).

All cause mortality

Thirty six randomised controlled trials including
70404 participants reported 5608 (8.0%) deaths (fig
1). Low to moderate quality evidence suggested none
of the interventions was associated with a difference
in all cause mortality compared with placebo (fig 2;
supplementary table 8). The amount of statistical
heterogeneity was low (12 median 0.003; 95% credible
intervals 0.00 to 0.05) and prediction intervals were
similar (supplementary table 12). By contrast, when
compared with no intervention, all cause mortality was
reduced by intermediate dose low-molecular-weight
heparin (odds ratio 0.79; 95% credible intervals 0.61
to 0.96) and pentasaccharides (0.44; 0.20 to 0.92;
fig 2, fig 3). Pentasaccharides and intermediate dose
low-molecular-weight heparin ranked highest for
reduction of mortality (fig 4 ; supplementary table 13).
Trial sequential analysis showed risk of random errors
beyond the chosen maximum type 1 and 2 errors in
the comparison of low dose low-molecular-weight
heparin versus placebo, whereas intermediate dose
low-molecular-weight heparin crossed the boundary of
futility (supplementary table 8).

Symptomatic venous thromboembolism

Thirty two randomised controlled trials including
84903 participants reported 749 (0.9%) people with
symptomatic venous thromboembolism (fig 1). The
most likely treatments to reduce symptomatic venous
thromboembolism compared with placebo were
pentasaccharides (odds ratio 0.32, 95% credible interval
0.08 to 1.07; posterior probability of benefit 97%),
intermediate dose low-molecular-weight heparin (0.66,
0.46t00.93; 99%), direct oral anticoagulants (0.68,0.33
to 1.34; 88%), and intermediate dose unfractionated
heparin (0.71, 0.43 to 1.19; 91%), although the only
conclusive estimate was of intermediate dose low-
molecular-weight heparin (very low to low quality
evidence; fig 2, fig 3, fig 4; supplementary tables 8 and
13). The amount of statistical heterogeneity was low
(t2 median 0.011; 95% credible interval 0.00 to 0.18)
and prediction intervals were mostly compatible with
benefit (supplementary table 12). When compared with
no intervention, all interventions were associated with a
reduced risk of venous thromboembolism (fig 2, fig 3). A
dose-response effect was noted for both low-molecular-
weight heparin and unfractionated heparin (ie, the
higher the dose, the larger the effect), but with an overlap
in credible intervals (fig 3). The trial sequential analysis
showed risk of random errors beyond the chosen
maximum type 1 and 2 errors in all direct comparisons
with placebo (supplementary table 8).

RESEARCH

Major bleeding

Twenty nine randomised controlled trials
including 84483 participants reported 793 (0.9%)
major bleeding events (fig 1). Intermediate dose
unfractionated heparin (odds ratio 2.63; 95% credible
interval 1.00 to 6.21) and direct oral anticoagulants
(2.31; 0.82 to 6.47) were most likely to increase major
bleeding compared with placebo, with posterior
probabilities of a harmful effect of 98% and 95%,
respectively (low to moderate quality evidence; fig 3,
fig 4, fig 5; supplementary tables 8 and 13). Statistical
heterogeneity was high (12 median 0.16; 95%
credible interval 0.00 to 0.96) and prediction intervals
included potential for both major benefit and harm
(supplementary table 12). When compared with no
intervention, estimates of unfractionated heparin in
any dose, direct oral anticoagulants, and intermediate
dose low-molecular-weight heparin were mostly
compatible with increased risk of major bleeding (fig
3, fig 5). A dose-response effect was noted for both
low-molecular-weight heparin and unfractionated
heparin, but with an overlap in credible intervals (fig
3). The trial sequential analysis showed risk of random
errors beyond the chosen maximum type 1 and 2 errors
in all direct comparisons with placebo (supplementary
table 8).

Serious adverse events

Eight randomised controlled trials including
17002 participants reported 1039 (6.1%) serious
adverse events (fig 1). All estimates suffered from
imprecision, but the effect estimate of intermediate
dose unfractionated heparin was mostly compatible
with an increased risk of serious adverse events (96%
posterior probability of a harmful effect; odds ratio
2.19; 95% credible interval 0.87 to 5.82; very low
quality evidence; fig 3, fig 4, fig 5; supplementary
table 8). Statistical heterogeneity was moderate (12
median 0.09; 95% credible interval 0.00 to 0.90) and
prediction intervals included potential for both major
benefit and harm (supplementary table 12). The trial
sequential analysis showed risk of random errors
beyond the chosen maximum type 1 and 2 errors in
all direct comparisons with placebo (supplementary
table 8).

Sensitivity and subgroup analyses

The discrepancy between intervention effects of
placebo and no intervention regarding the risk of
major bleeding was partly attenuated by excluding
patients who have had a stroke (subgroup analysis
4.1, supplementary table 10). All other sensitivity
and subgroup analysis results were either in line
with the main results or suffered from imprecision
(supplementary tables 9-11).

Discussion

Principal findings

This systematic review with network meta-analysis
provides a comprehensive estimation of the
intervention effects of different anticoagulants for the
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prevention of venous thromboembolism in acutely
ill patients who have been admitted to hospital. We
found that none of the interventions reduced all cause
mortality compared with a placebo. Pentasaccharides,
intermediate dose low-molecular-weight heparin,
direct oral anticoagulants, and intermediate dose
unfractionated heparin were most likely to reduce
symptomatic venous thromboembolism, but only the
effect estimate of intermediate dose low-molecular-
weight heparin was conclusive. Additionally,
unfractionated heparin in any dose and direct oral
anticoagulants were most likely to increase the risk of
major bleeding. We observed a systematic discrepancy
in intervention effects depending on whether placebo
or no intervention was the reference treatment. When
compared with no intervention instead of placebo,
all active interventions performed more favourable
with regard to risk of venous thromboembolism
and mortality, and less favourable with regard to
risk of major bleeding. Overall, low-molecular-
weight heparin in an intermediate dose appears to
confer the best balance of benefits and harms for
venous thromboembolism prevention. Although
pentasaccharides seemed at least as effective and
safe in ranking curves, their relative benefit over other
anticoagulants should be interpreted with caution
because these estimates were based on a single
randomised clinical trial, possibly underestimating
the risk of bleeding.’'*'® Unfractionated heparin,
in particular the intermediate dose, and direct oral
anticoagulants had the least favourable profiles. The
quality of evidence within comparisons was generally
low to moderate, mainly due to bias within trials and
imprecision . The intervention effect estimates were
robust across several preplanned sensitivity and
subgroup analyses.

Strengths and limitations of this study
Our systematic review has several strengths. We used a
prespecified protocol and were transparent in reporting
any deviations. Our search was comprehensive and
included regulatory agency databases and clinical
trial registries, which allowed us to include some
previously unpublished data. We conducted a
duplicate independent review of trial eligibility, data
extraction, and risk of bias. Head-to-head comparisons
of different prophylactic low-molecular-weight heparin
doses were very few, and conventional meta-analyses
generally did not stratify according to dose. Our
network meta-analytical approach provides the first
estimation of different low-molecular-weight heparin
dose intervention effects in patients who are acutely ill.
We should acknowledge several limitations as
well. Most importantly, transitivity is key to the
validity of network meta-analysis: it assumes that
the randomised clinical trials that inform different
comparisons do not differ in effect modifiers, such
as participant age or publication year.”* '*' Despite
a priori efforts to address this assumption, we did
encounter statistical inconsistency in the initial node-
splitting models. To solve this inconsistency, we used
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a systematic approach that included re-assessment of
extracted data, exclusion of obsolete interventions,
specific assessment of randomised controlled trials
with high residual deviance, and exclusion of two
randomised controlled trials with aberrant venous
thromboembolism data. This process mostly eliminated
statistical inconsistency, but we could also have merely
lowered the power to detect the inconsistency. Some
of these decisions were inevitably made on a post
hoc basis. We assessed the influence of our approach
under different conditions in a variety of prespecified
sensitivity and subgroup analyses and found that
estimates were generally robust. This suggests that the
influence of (our post hoc) decisions on the results was
probably limited.

Secondly, we grouped several patient categories
with varying baseline risks. Patient type might be an
important proxy for effect modification (ie, patients with
stroke are generally older than are trauma patients),
but where to set a limit with respect to eligibility
remains a challenge. For example, the latest guidelines
combined patients with stroke and acute medical
illness but evaluated patients who are critically ill as
a separate category, whereas previous meta-analyses
focused only on single patient categories.’ ''? '3
Nevertheless, our subgroup analyses according to
population types were generally in line with our main
analysis. Thirdly, not all randomised controlled trials
reported whether venous thromboembolism were
symptomatic, and definitions of major bleeding were
quite heterogeneous across trials, necessitating some
judgment in data extraction.

Furthermore, many randomised controlled trials
screened venous thromboembolism and initiated
anticoagulant treatment after detection of an event,
which deviates from the natural course of disease
and makes assessment as to whether, and which,
events would have become symptomatic or even
deadly impossible. Therefore, the absolute risk
of symptomatic venous thromboembolism in our
research is an underestimation and we cannot exclude
that screening influenced the intervention effect on
mortality as well. However, this limitation applies to all
meta-analyses in this field that focus on symptomatic
events. Additionally, although we undertook efforts to
substantiate the dose classification of unfractionated
heparin and low-molecular-weight heparin based on
summary of product characteristics and trial dosing
regimens, such a distinction ultimately remains
arbitrary. Trials also had different lengths of follow-up
and the summary odds ratios represent an average over
different time points; however, this limitation is for all
meta-analyses, and results were similar in a sensitivity
analysis restricting follow-up to 30 days.

Finally, partitioning interventions according to
dose and distinguishing between placebo and no
intervention decreased the number of trials that
directly informed each comparison. This limited
our power to detect smaller effect estimates, and the
absence of a conclusive estimate of benefit or harm
over placebo should not be interpreted as true absence
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of an intervention effect. The trial sequential analysis
results of the direct comparisons further support this
statement by suggesting risks of random errors.

Implications
Our results support the National Institute for Health
and Care Excellence and the American Society of
Hematology guidelines on thrombosis prophylaxis in
their recommendations on the use of low-molecular-
weight heparins or pentasaccharides.> * Our
conclusion to prefer low-molecular-weight heparin
over unfractionated heparin is in line with a previous
network meta-analysis that focused on patients
who are critically ill.'** Additionally, our analyses
contribute new information on the low-molecular-
weight heparin dose by showing that an intermediate
dose is probably preferable over a low dose for
prophylaxis. Current guidelines do not provide any
dose recommendations, even though no unambiguous
definition of standard dose prophylaxis is available.
Recent randomised controlled trials in patients with
covid-19 compared higher doses of low-molecular-
weight heparin with various standard prophylactic
regimens that included doses we defined as both low
and intermediate, 384042 115

Importantly, our definition of an intermediate
dose is lower than the one used by the INSPIRATION
trial.*> Compared with another network meta-analysis
on prophylaxis with different low-molecular-weight
heparin doses and direct oral anticoagulants in
surgical patients, the directions of the effect estimates
for reducing venous thromboembolism seem similar,
while the effect sizes appear smaller in acutely ill
patients.'? Additionally, the estimates of bleeding risks
were similar for direct oral anticoagulants but differed
for low-molecular-weight heparins.'? These differences
can be explained by clinical and methodological factors
such as patient population, quality of the evidence
base, and dose cut-off points for low-molecular-weight
heparin. No similar analysis has focused on the dose-
response relation of low-molecular-weight heparins in
thelow to intermediate dose range in acutely ill patients
who have been admitted to hospital. Previous pairwise
meta-analyses could not answer this question because
of the small number of direct comparisons between
different low-molecular-weight heparins.!*?**? Judging
from the summary of product characteristics, the low-
molecular-weight heparin dose range that we defined
as intermediate is most commonly used in the United
States (eg, enoxaparin 40-60 mg), whereas in Europe,
Canada, and Israel, the low dose (eg, enoxaparin 20
mg) appears more often registered.” 11

The systematic difference in intervention effects
according to the use of placebo or no intervention
as reference treatment was unanticipated. This
difference is best illustrated by examining the indirect
comparisons between placebo and no intervention that
favoured placebo with respect to mortality and venous
thromboembolism, and no intervention with respect
to bleeding risk. Of course, both interventions are
biologically inactive, and therefore, this favourability

is driven by other effects. We consider three potential
explanations, involving sampling variation, bias in
our network meta-analysis, or bias in the underlying
evidence base. Firstly, given the wide credible
intervals, the finding could be by chance, based on
sampling variation. Secondly, some comparisons
could have been associated with specific patient
populations or periods of time.”* '’ The network
geometry illustrates that most randomised controlled
trials either compared unfractionated heparin versus
no intervention (older trials), low-molecular-weight
heparinversus placebo (newer trials), or low-molecular-
weight heparin versus unfractionated heparin
(newer trials). In subgroup analysis 4.1, we removed
patients with stroke and found that the difference
between placebo and no intervention regarding major
bleeding risk was partly attenuated, suggesting clinical
characteristics accounted for the observed difference.
However, we found no such explanation for venous
thromboembolism or all cause mortality.

Thirdly, the difference could reflect performance bias
caused by a propensity towards imbalanced detection
of outcomes in unblinded randomised controlled trials.
This bias is not implausible, given that a previous
meta-epidemiological study estimated lack of blinding
was associated with an average of 13% exaggeration
of interventions effects.!’® Another recent network
meta-analysis on anticoagulation in surgical patients
encountered an even larger difference between the
placebo and no intervention groups.'> Not only semi-
objective outcomes, such as venous thromboembolism,
but also objective outcomes, such as mortality, can be
affected by lack of blinding, due to various mechanisms
such as imbalanced use of co-interventions or selective
outcome assessment.''® Our findings require further
exploration, and future network meta-analyses should
consider to assess no intervention and placebo as
distinct treatments. We have emphasised comparisons
with a placebo as reference treatment throughout
our review, as these were mainly informed by direct
evidence from more recent, blinded randomised
controlled trials at lower risks of bias.

Conclusions

Low-molecular-weight heparin in an intermediate dose
appears to confer the best balance between benefits
and harms for prevention of venous thromboembolism.
Unfractionated heparin, and particularly the
intermediate dose, and direct oral anticoagulants had
the least favourable profile. A systematic discrepancy
was noted in intervention effects that depended on
whether a placebo or no intervention was the reference
treatment. The quality of evidence was generally low
to moderate due to imprecision and within-trial bias.
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