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Abstract
Objective
To systematically compare the effect of direct oral 
anticoagulants and low molecular weight heparin for 
thromboprophylaxis on the benefits and harms to 
patients undergoing non-cardiac surgery.
Design
Systematic review and network meta-analysis of 
randomised controlled trials.
Data sources
Medline, Embase, and the Cochrane Central Register 
of Controlled Trials (CENTRAL), up to August 2021.
Review methods
Randomised controlled trials in adults undergoing 
non-cardiac surgery were selected, comparing low 
molecular weight heparin (prophylactic (low) or higher 
dose) with direct oral anticoagulants or with no active 
treatment. Main outcomes were symptomatic venous 
thromboembolism, symptomatic pulmonary embolism, 
and major bleeding. Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines were used for network meta-analyses. 
Abstracts and full texts were screened independently in 
duplicate. Data were abstracted on study participants, 
interventions, and outcomes, and risk of bias was 
assessed independently in duplicate. Frequentist 
network meta-analysis with multivariate random effects 
models provided odds ratios with 95% confidence 
intervals, and GRADE (grading of recommendations, 
assessment, development, and evaluation) 
assessments indicated the certainty of the evidence.
Results
68 randomised controlled trials were included (51 
orthopaedic, 10 general, four gynaecological, two 
thoracic, and one urological surgery), involving 45 445 
patients. Low dose (odds ratio 0.33, 95% confidence 
interval 0.16 to 0.67) and high dose (0.19, 0.07 
to 0.54) low molecular weight heparin, and direct 
oral anticoagulants (0.17, 0.07 to 0.41) reduced 
symptomatic venous thromboembolism compared 
with no active treatment, with absolute risk differences 
of 1-100 per 1000 patients, depending on baseline 
risks (certainty of evidence, moderate to high). None 
of the active agents reduced symptomatic pulmonary 
embolism (certainty of evidence, low to moderate). Direct 
oral anticoagulants and low molecular weight heparin 
were associated with a 2-3-fold increase in the odds 
of major bleeding compared with no active treatment 
(certainty of evidence, moderate to high), with absolute 
risk differences as high as 50 per 1000 in patients at 
high risk. Compared with low dose low molecular weight 
heparin, high dose low molecular weight heparin did not 
reduce symptomatic venous thromboembolism (0.57, 
0.26 to 1.27) but increased major bleeding (1.87, 1.06 
to 3.31); direct oral anticoagulants reduced symptomatic 
venous thromboembolism (0.53, 0.32 to 0.89) and did 
not increase major bleeding (1.23, 0.89 to 1.69).
Conclusions
Direct oral anticoagulants and low molecular 
weight heparin reduced venous thromboembolism 
compared with no active treatment but probably 
increased major bleeding to a similar extent. Direct 
oral anticoagulants probably prevent symptomatic 
venous thromboembolism to a greater extent than 
prophylactic low molecular weight heparin.
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What is already known of this topic
Direct oral anticoagulants might be reasonable alternatives to low molecular 
weight heparin for thromboprophylaxis in non-cardiac surgery
Direct oral anticoagulants have been extensively evaluated only in orthopaedic 
surgery, and often in asymptomatic venous thromboembolism
Based on the assumption that relative treatment effects are similar across 
surgical settings and varying baseline risks, a network meta-analysis combines 
all of the available direct and indirect evidence to estimate relative treatment 
effects with increased precision

What this study adds
This systematic review and network meta-analysis found that low molecular 
weight heparin (at standard prophylactic and higher doses) and direct oral 
anticoagulants were associated with a significant decrease in symptomatic 
venous thromboembolism of any extension, and an increase in major bleeding, 
compared with no active treatment. 
Direct oral anticoagulants were more effective than prophylactic low molecular 
weight heparin in symptomatic venous thromboembolism but no agent was 
effective in preventing pulmonary embolism
Knowing the baseline risks for venous thromboembolism and bleeding specific 
to patients and surgeries, these findings could inform decisions on the net 
benefit of thromboprophylaxis in non-cardiac surgery
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Introduction
Globally, more than 200 million adults undergo major 
non-cardiac surgery annually.1 Surgery increases the 
risk of venous thromboembolism, including deep vein 
thrombosis and pulmonary embolism.2 Antithrombotic 
drugs reduce the risk of postoperative venous throm
boembolism but increase the risk of bleeding.3-5 
Recommending drug treatment as thromboprophylaxis 
should depend on its expected net effect based on 
the expected risks of venous thromboembolism and 
bleeding.

Existing evidence based guidelines have separate 
recommendations for patients undergoing orthopaedic 
and non-orthopaedic surgery.6-10 Elective major 
orthopaedic surgery (eg, total joint arthroplasty) has 
been associated with a cumulative risk of developing 
symptomatic venous thromboembolism (deep vein 
thrombosis or pulmonary embolism, or both) of 
about 5% in the first 35 days after surgery.6 Given 
this substantial risk, investigators have conducted 
several randomised controlled trials on drug treatment 
for thromboprophylaxis in this surgical population, 
where different active agents were compared with 
each other and with no active treatment. This evidence 
pool has led guideline panels to recommend, or not to 
question, drug treatment as prophylaxis for total joint 
arthroplasty in patients who do not have an increased 
risk of bleeding.6-11

The risk of venous thromboembolism varies much 
more in other types of non-cardiac surgery.7 12 Evidence 
from randomised controlled trials on drug treatment for 
thromboprophylaxis in non-cardiac, non-orthopaedic 
surgeries is more limited. As a result, current guidelines 
on drug treatment for thromboprophylaxis in non-
cardiac, non-orthopaedic surgeries emphasise the 
expected risk of venous thromboembolism based on 
the specific surgery and factors related to the patient 
(eg, malignancy v non-malignancy as the reason 
for surgery), and more often include less strong or 
conditional recommendations.7 13-16

Both in orthopaedic and in other non‑cardiac 
surgeries, the best choice of drug for thrombopro
phylaxis is still uncertain. In orthopaedic surgery, 
LMWH and direct oral anticoagulants are among the 
most studied agents. Since their introduction to the 
market, most guidelines have suggested direct oral 
anticoagulants as an alternative to LMWH.6 10 More 
recently, guidelines from the American Society of 
Hematology recommended direct oral anticoagulants 
over LMWH for thromboprophylaxis based on direct 
comparative evidence on efficacy and safety, and on  
cost effectiveness, equity, acceptability, and feasibility.8 
The evidence on effects, however, was rated as of 
moderate certainty because of the imprecision of the 
estimates.8 For other non-orthopaedic surgeries, current 
guidelines do not consider direct oral anticoagulants  
as an option for thromboprophylaxis because of the lack 
of randomised controlled trials7 13‑16 and, in practice, 
clinicians commonly use LMWH.17-19 In fact, the 
literature has shown that most patients would choose 
an oral prophylactic agent, especially if blood testing 

for monitoring is not involved; when patients choose 
a parenteral agent, usually it is because of a perceived 
greater efficacy or more rapid effect compared with an 
oral medicaton.20-22 Based on this background evidence, 
we performed a systematic review and network meta-
analysis of existing randomised controlled trials 
comparing LMWH, direct oral anticoagulants, and no 
active treatment for thromboprophylaxis in patients 
undergoing non-cardiac surgery.

Methods
The registered PROSPERO protocol (CRD42018106181) 
describes the a priori plan of this review. Table S1 
summarises the differences between this article and 
the original PROSPERO protocol, and the reasons for 
the changes, including what we changed or added in 
response to comments from peer reviewers. This report 
complies with the recommendations of the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) extension statement for reporting 
of systematic reviews incorporating a network meta-
analysis of healthcare interventions.23

Rationale and framework
We postulated that the relative treatment effects of 
LMWH and direct oral anticoagulants are similar across 
different surgical settings and baseline risks. Based on 
this assumption, we included studies evaluating these 
agents in different types of non-cardiac surgeries (that 
is, orthopaedic and non-orthopaedic), and analysed 
them together in our network meta-analysis. This 
approach allowed us to increase the evidence pool and 
thus the precision of our estimates for orthopaedic and 
non-orthopaedic surgeries. This approach also allowed 
us to obtain estimates of the relative efficacy and safety 
of LMWH and direct oral anticoagulants for non-
orthopaedic surgeries, even in the absence of studies 
directly comparing them. We chose a network meta-
analysis as the most appropriate statistical framework 
and tool to estimate relative treatment effects from 
direct and indirect evidence and to increase precision.24

In the absence or paucity of studies comparing 
different types of agents in the same group or class, 
we assumed that different direct oral anticoagulants 
and different LMWHs (in the same dose regimen) have 
similar effects. In our primary analyses, we pooled 
different direct oral anticoagulants and different 
LMWHs into the same network options.

Eligibility criteria
Eligible studies were randomised controlled trials 
enrolling patients aged ≥18 years undergoing major 
non-cardiac surgery that included major general surgery, 
urological and gynaecological surgery, orthopaedic 
surgery, and thoracic surgery, performed by open, 
laparoscopic, or robotic approaches. We included only 
randomised controlled trials because they have the most 
appropriate design for an intervention type of research 
question, and we expected to find studies implementing 
this design to respond to our study question.25 We a 
priori excluded studies conducted in vascular surgery, 
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neurosurgery, and surgery for trauma (including fracture 
repair). We believe evaluating thromboprophylaxis 
in these surgeries requires special efficacy and safety 
considerations owing to the nature of these surgeries 
(eg, surgery involving the circulatory system is often 
associated with antithrombotic treatment for other 
reasons, or with abnormal activation and function of the 
coagulopathy system, such as in trauma), or the need 
to look at specific relevant outcomes (eg, intracranial 
bleeding).

The interventions of interest were low dose LMWH 
(eg, enoxaparin 40 mg subcutaneously daily, or 
equivalent), high dose LMWH (eg, enoxaparin 30 mg 
subcutaneously twice daily, or equivalents), and direct 
oral anticoagulants, including dabigatran (220 mg 
orally daily), apixaban (2.5 mg orally twice a day), 
rivaroxaban (10 mg orally daily), and edoxaban (30 
mg orally daily). We included studies evaluating these 
interventions compared with no active treatment 
(including placebo), or compared with each other. The 
supplementary material details our exclusion criteria, 
and how we classified the different interventions based 
on LMWH into the high dose and low dose options 
(table S2).

For outcomes, we considered potential benefits 
as reductions in symptomatic pulmonary embolism, 
symptomatic venous thromboembolism (any type 
and extension, that is, proximal or distal deep vein 
thrombosis, with or without pulmonary embolism, or 
isolated pulmonary embolism), symptomatic proximal 
deep vein thrombosis, and symptomatic deep vein 
thrombosis of any extension. Major bleeding, based 
on the original definition of the study, was the primary 
anticipated harm. We first included and extracted 
data on all cause death and deaths related to venous 
thromboembolism, but no analyses were eventually 
performed because of the lack of data (that is, few 
studies reporting these outcomes, with few events).

Data sources and searches
We searched Medline, Embase, and the Cochrane 
Central Register of Controlled Trials (CENTRAL), initial
ly up to July 2020. We built our search on the work done 
in the McMaster GRADE Centre (McMaster University)-
American Society of Hematology collaborative project 
for the development of original guidelines on 10 
topics on the diagnosis, prevention, and treatment of 
venous thromboembolism.8 26-29 To fit to our specific 
study question, we updated and complemented the 
searches done for the American Society of Hematology 
project (supplementary material). Searches previously 
done for the American Society of Hematology project 
were updated up to July 2020. The additional searches 
were done from 1965 to July 2020. We also reviewed 
citations of three published systematic reviews3-5 
and one Health Technology Assessment report30 for 
potential eligible trials. In response to comments 
from peer reviewers, in August 2021 we updated our 
search, with the same strategy. The results of the 
updated search and analyses are reported separately 
in this article.

Study selection and data extraction
Two reviewers independently evaluated the eligibility 
of titles and abstracts, and full texts, with a third 
reviewer resolving any disagreements (IE-I, MM, 
MV, ST, and SY). Eight investigators (AA, FG, IE-I, 
MM, MV, SG, ST, and SY), working in pairs with a 
piloted standardised form, independently extracted 
information on study methods, patient characteristics, 
details of interventions, and definitions of outcomes 
and results. When necessary, a third assessor resolved 
discrepancies.

Risk of bias and certainty of evidence assessment
Pairs of investigators independently assessed the risk 
of bias of eligible randomised controlled trials with the 
Cochrane Collaboration’s original risk of bias tool.31 
For every study, investigators made a judgment of 
low, unclear, or high risk of bias for each of the tool 
items. We also assigned each study an overall risk of 
bias, corresponding to the highest risk for the four 
items sequence generation, allocation concealment, 
blinding of participants and investigators, and 
blinding of outcome adjudicators.

We used the GRADE (grading of recommendations, 
assessment, development, and evaluation) working 
group guidance for the network meta-analysis to assess 
the certainty of the evidence for the direct, indirect, 
and network effects estimate. For each outcome and 
comparison, we considered risk of bias, inconsistency, 
indirectness, publication bias, intransitivity, incoher
ence, and imprecision.32 33 To judge statistical hetero
geneity to assess inconsistency, we used: 0-40% to 
indicate might not be important heterogeneity; 30‑60%, 
might represent moderate heterogeneity; 50‑90%, 
might represent substantial heterogeneity; and 75-
100%, considerable heterogeneity.25 We adopted 
a minimally contextualised GRADE approach.34 
According to this approach, for each outcome and 
comparison, we rated the certainty of benefit or harm, 
with the null effect as a threshold (odds ratio of 1 or 
absolute risk difference of 0). If the 95% confidence 
interval around the point estimate crossed the decision 
threshold, the intervention was considered not to differ 
from the reference. When the point estimate was close 
to the null effect, however, we used clinical judgment 
to rate the certainty of no important effect. To make a 
clinical judgment, we looked at the effect size expressed 
as absolute risk difference, which was calculated based 
on the estimated odds ratios, and the baseline risks 
obtained from the control rates of the included studies. 
When we rated the certainty of no important effects, 
we looked at the absolute risk difference of the order 
of 1% for pulmonary embolism and major bleeding, 
1-2% for symptomatic venous thromboembolism, and 
2% for symptomatic proximal deep vein thrombosis or 
symptomatic deep vein thrombosis of any extension, 
to consider small but possibly clinically important 
effects. This approach means that if the entire 95% 
confidence interval around the absolute risk difference 
was within 1% or 2%, we would not rate down for 
imprecision. Given the variability of the baseline risks, 
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however, we used a conservative approach and rated 
down for imprecision every time the 95% confidence 
interval crossed these thresholds, considering the full 
range of plausible baseline risks. Finally, if we found 
evidence of serious incoherence (details provided in 
the supplementary material), we used the evidence 
with the higher certainty between the direct and 
indirect evidence as the best estimate.33

Data synthesis and analysis
For each outcome, we first performed a frequentist meta-
analysis with random effects models to estimate the 
treatment effects for every direct pairwise comparison. 
We evaluated heterogeneity by estimating the variance 
between studies (χ2 test and I2 statistic). We then 
performed a frequentist network meta-analysis based 
on a multivariate random effects model with restricted 
maximum likelihood for estimation (mvmeta command 
and network routine, Stata version 16.0).35 36 For each 
outcome, we evaluated the percentage contribution of 
each direct comparison to the network meta-analysis 
estimates (Stata netweight command).37 Based on 
empirical and simulation studies that have shown that 
frequentist and bayesians approaches for a network 
meta-analysis provide overlapping results in most 
circumstances,38 39 we chose a frequentist approach for 
ease of implementation and richness of tools of the Stata 
frequentist network routine. We also estimated ranking 
probabilities and the surface under the cumulative 
ranking curves with bayesian modelling.36 40

We reported treatment effects from direct 
comparison and network meta-analyses as odds ratios 
and corresponding 95% confidence intervals. Absolute 
treatment effects were presented for the network 
as absolute risk differences calculated for each 
comparison from the network odds ratio and assuming 
a low and a high event rate for the control group, 
coinciding with the lowest and highest average event 
rate among the studies evaluating that comparison, 
excluding clear outliers.

Sensitivity and subgroup analyses
The supplementary material provides details for 
our approach in the network meta-analysis to the 
assumptions of coherence (similarity of direct and 
indirect estimates) and transitivity (similarity across 
studies so that treatment options can be validly 
compared through indirect comparisons). We identified 
a priori possible sources of heterogeneity (that is, 
effect modifiers): type of surgery (orthopaedic or non-
orthopaedic); timing of the start of thromboprophylaxis, 
both as a dichotomous variable (preoperatively v 
postoperatively) and as a continuous variable (that is, 
number of hours before or after surgery, with the time 
of surgery assigned 0); length of treatment; length of 
follow-up; type of funding; and study quality (that 
is, risk of bias). We used network meta-regressions to 
explore their effect modification.37 41

In response to comments from peer reviewers, we 
also performed the following subgroup and sensitivity 
analyses:

•	 Separate network meta-analyses for the sub
groups of orthopaedic and non-orthopaedic 
surgeries; and separate network meta-analyses, 
or direct pairwise meta-analyses (when only one 
type of comparison was represented), for specific 
surgical disciplines, and for specific surgical 
approaches (open or endoscopic) across different 
surgical disciplines; we performed these analyses 
for subgroups that included at least two studies.

•	 A meta-regression to assess the type of direct 
oral anticoagulant as a possible source of 
heterogeneity; and separate network meta-
analyses for each of the included direct oral 
anticoagulants.

•	 A network meta-analysis where no treatment 
and placebo were included as separate network 
nodes and not combined into the same option 
of no active treatment; this sensitivity network 
meta-analysis had no treatment as reference and 
therefore also included the indirect comparison 
placebo versus no treatment.

Patient and public involvement
The definition of the outcomes of interest in this review 
was inspired by the work done in the development of 
the American Society of Hematology guidelines which 
involved a panel, including a patient representative.8 
We did not evaluate whether the studies included in the 
review involved patients in planning, implementing, or 
disseminating the study.

Results
Of the 5970 non-duplicate citations screened, 78 
randomised controlled trials, included in 75 reports and 
involving 60 068 patients, were eligible for inclusion 
in our study (fig 1). Of these, 68 studies (included in 
65 references), involving 45 445 patients, provided 
data on at least one of our prespecified outcomes 
and were included in our network meta-analysis. The 
supplementary material lists the excluded studies 
with reasons for exclusion. Table S18 reports the main 
characteristics of the eligible studies.

Of the 68 studies included in the network meta-
analysis, 51 (75%) enrolled 36 852 patients 
undergoing orthopaedic surgery; the remaining 17 
enrolled 8593 patients undergoing general (10), 
gynaecological (four), urological (one), and thoracic 
(two) surgery. All randomised controlled trials used 
parallel group designs; 67 with two arms and one 
with three arms. The most frequent comparisons 
in the included trials were low dose LMWH versus 
no active treatment, and direct oral anticoagulants 
versus low dose LMWH (fig 2). Most trials in non-
orthopaedic surgeries (14 of 17) compared low dose 
LMWH with placebo or no treatment; only one of 
the non-orthopaedic studies evaluated direct oral 
anticoagulants compared with low dose LMWH.42 
Figure 3 represents the network plots for each of the 
analysed outcomes, and summarises the risk of bias 
of the original studies contributing to each direct 
comparison. Overall, the most frequent bias in the 
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original studies where the risk of bias was judged to 
be high was lack of blinding of participants and staff 
(fig S1). For all of the analysed outcomes, the direct 
comparison between direct oral anticoagulants and 
low dose LMWH provided the greatest contribution to 
the network estimates (fig S2).

Benefits
In 25 trials involving 30 230 patients, 235 patients 
(0.78%) had symptomatic venous thromboembolism; 
in 61 studies involving 40 588 patients, 100 patients 
(0.25%) had a symptomatic pulmonary embolism; 
in 13 studies involving 4343 patients, 42 patients 
(0.95%) had symptomatic proximal deep vein 
thrombosis; and in 38 studies involving 32 338 
patients, 173 (0.53%) had symptomatic deep vein 
thrombosis of any extension. Table 1 and tables S3-
S5 show the results of the network meta-analysis on 
symptomatic venous thromboembolism, symptomatic 
pulmonary embolism, and symptomatic proximal 
and deep vein thrombosis of any extension, for 
all comparisons. The certainty of the evidence 
was high that all of the active treatments probably 

reduced symptomatic venous thromboembolism 
compared with no active treatment (table 1, fig S4). 
Direct oral anticoagulants were associated with a 
significant (P=0.02) reduction in symptomatic venous 
thromboembolism compared with low dose LMWH 
(odds ratio 0.53, 95% confidence interval 0.32 to 0.89), 
but not compared with high dose LMWH (0.93, 0.51 to 
1.71); the certainty of the evidence was moderate. We 
found no significant difference between the network 
options on symptomatic pulmonary embolism; the 
certainty of the evidence was low to moderate (table 
S3). Direct oral anticoagulants, but not LMWH at low 
or high doses, was superior to no active treatment 
on symptomatic proximal deep vein thrombosis and 
deep vein thrombosis of any extension; the certainty 
of the evidence was low to high, depending on the 
comparison (tables S4-S5).

Harms
The definition of major bleeding varied across 
trials but in most instances included fatal bleeding, 
bleeding in critical organs, bleeding leading to a 
specific decrease in haemoglobin concentration, 

Included
Surveyed systematic reviews
Content experts

70
1

Records identified
through Embase
+ 543 (Aug 2021)

Records identified
through Cochrane
+ 159 (Aug 2021)

Records identified
through Medline
+ 403 (Aug 2021)

71

Full text articles excluded*
Duplicates already included in surveyed
  systematic reviews or original search
  (not updates)
No intervention or comparison of interest
No population of interest
No outcomes of interest
No study type of interest
No interpretable language for team
Ongoing
No pdf available
No pdf and no population of interest

38

51
17
11
16

3
1

12
3

2388 4616

Records screened aer 1664 duplicates removed
+ 879 (Aug 2021 update)

5970

Full text articles assessed for eligibility
+ 8 (Aug 2021)

630

143

149

Included in network meta-analysis*
2018 and 2020 searches24 Surveyed systematic reviews40 Content experts

+ 5 (Aug 2021)
1

65

Fig 1 | Study flow diagram for evidence source and selection. *Supplementary material lists excluded and included 
studies after screening of full text 
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and bleeding leading to reoperation. In 55 studies 
involving 41 023 patients, 345 patients (0.84%) 
had major bleeding. All agents were associated with 
a significant increase in major bleeding compared 
with no active treatment (P=0.002 for low dose 
LMWH, from direct comparison; P=0.006 for high 
dose LMWH; P=0.04 for direct oral anticoagulants; 
certainty of evidence moderate to high; table 2 and fig 
S5). High dose LMWH had the largest effect size (odds 
ratio 3.07, 95% confidence interval 1.39 to 6.77). 
High dose LMWH was associated with a significant 
(P=0.04) increase in major bleeding compared with 
low dose LMWH (1.87, 1.06 to 3.31; certainty of 
evidence moderate), but not compared with direct 
oral anticoagulants (table 2).

Tables S6-S10 show details of the GRADE 
assessment for each outcome. Figure 4 summarises the 
network treatment effects for every active treatment 
compared with no active treatment on benefit and 
harm outcomes, combining effect sizes with the 
certainty of evidence. Tables S11 and S12 report the 
ranking probabilities, mean ranks, and surface under 
the cumulative ranking curve values for the effects on 
any symptomatic venous thromboembolism and major 
bleeding. With symptomatic venous thromboembolism 
as an example, table S13 shows how the network odds 
ratios can be combined with baseline risks from the 
literature specific to the type of surgery or procedure, 
to obtain absolute treatment effects specific to the 
surgery or procedure.

Sensitivity and subgroup analyses
Type of surgery 
Tables S14 and S15 summarise how the different direct 
comparisons between the network options, and direct 

comparisons of different direct oral anticoagulants, 
were represented in the included studies across 
surgery subgroups (orthopaedic, non-orthopaedic, 
general, gynaecological, open, and endoscopic 
surgeries). Overall, when performed separately for 
studies in orthopaedic and non-orthopaedic surgery, 
the network meta-analysis provided overlapping 
estimates for relative treatment effects (table 3, figs 
S6 and S7). We found greater efficacy of low dose 
LMWH on any symptomatic venous thromboembolism 
versus no active treatment in trials in non-orthopaedic 
surgery (odds ratio 0.10, 95% confidence interval 0.03 
to 0.37) compared with trials in orthopaedic surgery 
(0.53, 0.23 to 1.24), with the meta-regression showing 
a significant interaction (P=0.04).

Figures S8-S11 present forest plots with results of 
the exploratory network or pairwise meta-analyses in 
the subgroups of studies in open versus endoscopic 
surgeries, and separately in general and gynaecologic 
surgeries. Network meta-regressions showed no 
significant interaction or could not be performed 
because some subgroups of studies evaluated only one 
type of comparison (that is, only low dose molecular 
weight heparin v no active treatment).

Type of direct oral anticoagulant 
Figures S12-S15 show forest plots with results of 
the exploratory network meta-analyses, where for 
direct comparisons of direct oral anticoagulants, we 
included studies evaluating each oral anticoagulant 
separately (that is, dabigatran, rivaroxaban, apixaban, 
and edoxaban). Estimates of relative treatment effects 
on any symptomatic venous thromboembolism and 
major bleeding overlapped across subgroups, with the 
overall meta-regression not showing any interaction 
between effects and type of direct oral anticoagulant.

Placebo and no treatment as two separate network 
options
Among the 25 studies included in the network 
meta-analysis on any symptomatic venous thrombo
embolism, 11 evaluated a comparison including no 
active treatment; of these, nine used no treatment 
and two used placebo. Among the 55 studies included 
in the network meta-analysis on major bleeding, 
27 evaluated a comparison including no active 
treatment; of these, 17 used no treatment and 10 
used placebo. In the sensitivity analyses where no 
treatment and placebo were included as separate 
options, all of the active treatments tended to be 
associated with a greater reduction of any symptomatic 
venous thromboembolism, and a greater increase of 
major bleeding, when compared with no treatment 
rather than when compared with placebo (fig S16). 
Estimates for comparisons involving placebo were 
generally less precise, however. Compared with no 
treatment, placebo was associated with a lower risk of 
symptomatic venous thromboembolism that was not 
significant (odds ratio 0.30, 95% confidence interval 
0.03 to 2.92) and with a significant (P=0.02) higher 
risk of major bleeding (3.38, 1.20 to 9.49).

5

High dose LMWH

DOAC

Placebo or no treatment

Low dose
LMWH

2
7

24

28

4

Fig 2 | Network plot of studies included in network meta-analysis. LMWH=low molecular 
weight heparin; DOAC=direct oral anticoagulants. Each node indicates a treatment 
modality and is sized proportionally to the number of patients who received the 
treatment modality. Each line connecting two nodes indicates a direct comparison 
between two modalities, and the thickness of each line is proportional to the number 
of trials directly comparing the two modalities. The number of trials directly comparing 
the two modalities is shown
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Exploratory analyses on other possible sources of 
heterogeneity
The supplementary material shows detailed results for 
the distribution across studies of other prespecified 
possible sources of heterogeneity (including timing of 
the start of thromboprophylaxis, length of treatment, 
length of follow-up, type of funding, and study quality) 
and the related meta-regression analyses. Even when a 
trend was noted in the subgroup analyses, no significant 
interaction between the variable and treatment effects 
was found in the meta-regression analyses. We found 
a significant interaction (P=0.02) between length of 
follow-up and effects on major bleeding, which did not 
have a plausible clinical rationale; because of the lack 
of power and no adjustment for other possible sources 
of heterogeneity, this finding was thought to be caused 
by chance or residual confounding.

Results of updated search
Our updated search found 879 potentially eligible 
references published between July 2020 and August 
2021 (fig 1). After screening the full text of the articles, 

we identified five studies meeting our inclusion criteria, 
involving 50-400 patients who were randomised, with 
four of the studies in major orthopaedic surgery (table 
S16). None of the five studies provided outcome data 
that could be included in our network meta-analysis 
on the any symptomatic venous thromboembolism 
outcome; all provided data on major bleeding. 
When we updated our network meta-analysis on 
major bleeding with data from the new studies, we 
obtained results similar to the main study (table 2 and 
table S17).

Discussion
Principal findings
In our systematic review and network meta-analysis, 
involving more than 45 000 patients undergoing 
non-cardiac surgery across 68 randomised controlled 
trials, we found evidence of moderate-to-high 
certainty that LMWH and direct oral anticoagulants 
reduce venous thromboembolic events of any 
extension associated with symptoms compared 
with no active treatment, with point estimates for 

Placebo or no treatment

Placebo or no treatment
Placebo or no treatment Placebo or no treatment

Placebo or no treatment

High dose LMWH High dose LMWH

High dose LMWH High dose LMWH

DOAC

DOAC

DOAC DOAC

DOAC

Symptomatic VTE Symptomatic PE

Symptomatic proximal DVT Symptomatic DVT
(any extension)

Major bleeding

Low dose
LMWH

Low dose
LMWH

Low dose
LMWH

Low dose
LMWH

Low dose
LMWH

Fig 3 | Network plot of studies included in network meta-analysis by study outcome, with risk of bias representation. LMWH=low molecular weight 
heparin; DOAC=direct oral anticoagulants; VTE=venous thromboembolism; PE=pulmonary embolism; DVT=deep vein thrombosis. Node size 
is proportional to number of patients in included studies receiving that option; edge width is proportional to number of studies including that 
comparison. Edge colours are red (when the most frequent (mode) highest risk of bias was high in studies evaluating that comparison, for the bias 
items sequence generation, allocation concealment, blinding of participants and investigators, and blinding of outcome adjudicators); yellow (when 
the most frequent highest risk of bias was unclear); and green (when the most frequent highest risk of bias was low)
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odds ratios between 0.17 and 0.33. Direct oral 
anticoagulants probably reduce symptomatic 
venous thromboembolism more than LMWH given 
at the most standard prophylactic dose (odds ratio 
0.53, 95% confidence interval 0.32 to 0.89). We 
found no difference in efficacy between LMWH at 
a standard prophylactic dose and LMWH at higher 
(intermediate) doses. We could not find a significant 
relative treatment effect on symptomatic pulmonary 
embolism. The certainty of the evidence was 
moderate to high that all of the active agents increase 
major bleeding compared with no active treatment, 
with point estimates for odds ratios between 2.01 
and 3.07. LMWH at higher than prophylactic doses 

probably increases the risk compared with low dose 
LMWH (1.87, 1.06 to 3.31).

On average, across the included studies, the 
absolute event rates for symptomatic venous 
thromboembolism outcomes and major bleeding 
were low (<1%); the rate of symptomatic pulmonary 
embolism was very low (<0.3%). This finding resulted 
in small absolute differences (table 1 and table 2), 
for active agents compared with no active treatment, 
and between different agents. Overall, this result 
highlights the need for careful evaluation of the benefit 
of thromboprophylaxis against the possible harms, 
looking at relative treatment effects and also how they 
translate into absolute rate differences.

Table 1 | Results of network meta-analysis on symptomatic venous thromboembolism for all comparisons

Comparisons*
No of direct 
comparisons

No of events/ 
participants 
in direct 
comparisons

Direct odds ratio 
(95% CI)

Network odds ratio 
(95% CI)

Network absolute risk difference (events per 
1000 patients (95% CI))

Network 
certainty 
of 
evidence

Estimated risk with 
reference (%)† Absolute risk difference (95% CI)

Low dose LMWH v no 
treatment or placebo 10 76/3544 0.25 (0.16 to 0.41) 0.33 (0.16 to 0.67) Low, 0.1 2 fewer (from 5 fewer to 1 fewer) HighHigh, 3.2‡ 21 fewer (from 27 fewer to 11 fewer)
High dose LMWH v no 
treatment or placebo — — — 0.19 (0.07 to 0.54) Low, 0.1 4 fewer (from 14 fewer to 1 fewer) HighHigh, 1.6 13 more (from 15 fewer to 7 fewer)
Direct oral anticoagulants 
v no treatment or placebo 1 3/253 0.50 (0.05 to 4.80) 0.17 (0.07 to 0.41) Low, 0.1§ 5 fewer (from 12 fewer to 1 fewer) HighHigh, 1.6§ 13 more (from 15 fewer to 9 fewer)
High dose v low dose 
LMWH — — — 0.57 (0.26 to 1.27) Low, 0.1 1 fewer (from 1 fewer to 1 more) ModerateHigh, 2.2 9 fewer (from 16 fewer to 6 more)
Direct oral anticoagulants 
v low dose LMWH 11 94/18 479 0.49 (0.32 to 0.73) 0.53 (0.32 to 0.89) Low, 0.1 1 fewer (from <1 fewer to >1 fewer) ModerateHigh, 2.2 10 fewer (from 15 fewer to 3 fewer)
Direct oral anticoagulants 
v high dose LMWH 3 72/7954 0.94 (0.59 to 1.50) 0.93 (0.51 to 1.71) Low, 0.7 1 fewer (from 3 fewer to 5 more) ModerateHigh, 1.2 1 fewer (from 6 fewer to 8 more)
LMWH= low molecular weight heparin.
*For comparisons between active agents, results are shown with low dose LMWH as reference, the option most commonly represented in the included studies.
†Low and high risk with reference coinciding with the lowest and highest event rate in the studies included in the network meta-analysis evaluating that comparison (excluding clear outliers). For 
studies with no events, a low risk with reference of 0.1% was used. For comparisons with no studies with direct comparisons, but a network odds ratio could be estimated, and for comparisons 
evaluated only in one study, the lowest and highest rates from other relevant direct comparisons were used as an example.
‡Three studies had a much higher rate but were considered outliers: one study in orthopaedics (29.4%, publication year 2004) and two studies in general surgery (13.8%, year 2018; 7.4%, year 
2012). With a baseline rate of 30%, 14%, or 7%, the point estimate for the corresponding absolute risk reduction would be as high as 194, 94, or 47 fewer events, respectively.
§Actual event rate in the reference group (no treatment or placebo) in the only study included was 1.6.

Table 2 | Results of network meta-analysis on major bleeding for all comparisons

Comparisons*
No of direct 
comparisons

No of events/ 
participants 
in direct 
comparisons

Direct odds ratio 
(95% CI)

Network odds ratio 
(95% CI)

Network absolute risk difference (events per 1000 
patients (95% CI))

Network 
certainty 
of 
evidence

Estimated risk with 
reference (%)† Absolute risk difference (95% CI)

Low dose LMWH v no 
treatment or placebo 22 60/5953 2.04 (1.28 to 3.22) 2.04 (1.28 to 3.22)‡ Low, 0.1 1 more (from <1 more to 2 more) ModerateHigh, 1.5§ 16 more (from 4 more to 33 more)
High dose LMWH v no 
treatment or placebo 1 3/100 0.51 (0.05 to 5.00) 3.07 (1.39 to 6.77) Low, 0.1¶ 2 more (from <1 more to 6 more) ModerateHigh, 1.2¶ 25 more (from 5 more to 69 more)
Direct oral anticoagulants 
v no treatment or placebo 4 5/755 2.08 (0.52 to 8.33) 2.01 (1.08 to 3.73) Low, 0.1 1 more (from <1 more to 3 more) HighHigh, 0.8 8 more (from 1 fewer to 22 more)
High dose v low dose 
LMWH 3 20/952 2.51 (1.07 to 5.87) 1.87 (1.06 to 3.31) Low, 0.1 1 more (from <1 more to 2 more) ModerateHigh, 2.0 17 more (from 1 more to 46 more)
Direct oral anticoagulants 
v low dose LMWH 20 191/24811 1.22 (0.92 to 1.60) 1.23 (0.89 to 1.69) Low, 0.1 < <1 more (from 1 fewer to <1 more) ModerateHigh, 4.4 10 more (from 5 fewer to 30 more)
Direct oral anticoagulants 
v high dose LMWH 5 66/8452 0.66 (0.41 to 1.07) 0.66 (0.38 to 1.18) Low, 0.1 < <1 fewer (from <1 fewer to <1 more) ModerateHigh, 1.9 6 fewer (from 12 fewer to 3 more)
LMWH= low molecular weight heparin.
*For comparisons between active agents, results are shown with low dose LMWH as reference, the option most commonly represented in the included studies.
†Low and high risk with reference coinciding with the lowest and highest event rate in the studies included in the network meta-analysis evaluating that comparison (excluding clear outliers). For 
studies with no events, a low risk with reference of 0.1% was used. For comparisons with no studies with direct comparisons, but a network odds ratio could be estimated, and for comparisons 
evaluated only in one study, the lowest and highest rates from other relevant direct comparisons were used as an example.
‡Estimate of odds ratio based on direct comparisons because of high (even if non-significant) loop specific incoherence, with direct comparisons contributing mostly to network estimates. 
Network odds ratio was 1.64 (95% confidence interval 0.94 to 2.88).
§Highest rate was 4.5%, found in two of 22 studies: one study in thoracic surgery (publication year 1989) and one in orthopaedic surgery (year 2008), which were considered outliers here. If 
4.5% was used as the highest baseline risk, the corresponding absolute risk reduction would be 47 more (95% confidence interval from 13 more to 100 more).
¶The 1.2% rate was chosen for consistency with other comparisons with no active treatment. In the only study comparing high dose LMWH with no active treatment (publication year 1986), the 
actual event rate in the control group was 4%, which would lead to a network absolute risk reduction of 62 more (95% confidence interval from 7 more to 182 more).
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Strengths and limitations of this review
The main strength of our study is that we obtained 
estimates of relative treatment effects with high 
precision, although we looked at only symptomatic 
venous thromboembolism events. These events 
are more relevant to patients but are expected to 
be less frequent than venous thromboembolism 
found through systematic screening and counted as 
outcomes regardless of the presence of symptoms. 
Also, we estimated effects for comparisons that were 
not directly evaluated in the existing studies (eg, 
comparisons including direct oral anticoagulants 
in non-orthopaedic surgeries). Table 3 proves that 
both the non-orthopaedic and orthopaedic surgery 
settings benefited from our approach in terms of gain 
in precision, for efficacy and safety estimates.

Our study had limitations. We based our analyses on 
the assumption of transitivity. Transitivity in network 

meta-analyses assumes that indirect comparisons 
(AC and BC) validly estimate the unobserved head-
to-head comparison (AB).43 This assumption also 
implies that the studies are sufficiently similar in 
their distribution of possible effect modifiers so that 
indirect comparisons can be used as a valid method to 
compare two treatment options. We undertook several 
approaches to minimise and test this assumption, 
and looked for possible sources of heterogeneity or 
effect modifiers. Our subgroup and meta-regression 
analyses had an expected limited power, however, 
and could only be exploratory. In particular, for the 
type of surgical setting as a possible effect modifier, 
as expected, we had a small number of studies in non-
orthopaedic surgery (only six of 25 for the symptomatic 
venous thromboembolism outcome), and only one 
recent study on direct oral anticoagulants in this 
setting. 
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Fig 4 | Network meta-analysis results (network odds ratio (95% confidence interval)) based on GRADE (grading of 
recommendations, assessment, development, and evaluation) assessment of certainty of evidence, and treatment 
benefit and harm, with no active treatment as reference. PE=pulmonary embolism; VTE=venous thromboembolism; 
DVT=deep vein thrombosis; NA=not available. *Based on direct comparison

Table 3 | Results of network meta-analyses on treatment benefit and harm for comparisons between active agents and no active treatment, by surgery 
category

Intervention

Network odds ratio (95% CI)
Any symptomatic venous thromboembolism Major bleeding

All surgeries Orthopaedic surgeries
Non-orthopaedic 
surgeries All surgeries Orthopaedic surgeries

Non-orthopaedic 
surgeries

No of direct 
comparison (No of 
events/No of patients)

25 (235/30 230) 19 (193/28 293) 6 (42/1937) 55 (345/41 023) 42 (296/37 506) 13 (49/3517)

Low dose LMWH 0.33 (0.16 to 0.67) 0.53 (0.23 to 1.24) 0.10 (0.03 to 0.37) 2.04 (1.28 to 3.22)* 1.03 (0.47 to 2.26) 1.93 (0.78 to 4.82)
High dose LMWH 0.19 (0.07 to 0.54) 0.29 (0.09 to 0.91) NA 3.07 (1.39 to 6.77) 2.03 (0.84 to 4.92) 1.90 (0.03 to 129.92)
Direct oral 
anticoagulants 0.17 (0.07 to 0.41)† 0.27 (0.10 to 0.71)‡ 0.07 (0.01 to 0.60)§ 2.01 (1.08 to 3.73) 1.25 (0.56 to 2.77) 1.86 (0.08 to 44.40)

LMWH= low molecular weight heparin; NA=not available.
*Based on direct comparison.
†Network odds ratio for direct oral anticoagulants versus low dose LMWH on symptomatic venous thromboembolism is 0.53 (95% confidence interval 0.32 to 0.89).
‡Network odds ratio for direct oral anticoagulants versus low dose LMWH on symptomatic venous thromboembolism is 0.51 (0.31 to 0.85).
§Network odds ratio for direct oral anticoagulants versus low dose LMWH on symptomatic venous thromboembolism is 0.64 (0.11 to 3.85).
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Table 3 shows that estimates of relative treatment 
effects for all studies, and for the orthopaedic and 
non-orthopaedic subgroups separately, mostly 
overlapped and differed mainly only in precision. We 
found a significant (quantitative) interaction (P=0.04) 
for the effect of low dose LMWH versus no active 
treatment, with a greater and more precise effect in 
non-orthopaedic than orthopaedic surgeries. These 
analyses were driven by the results of two small, 
single centre, randomised controlled trials in patients 
undergoing general surgery (mostly cancer resections), 
however, that found a high rate of symptomatic venous 
thromboembolism in the control group (7.4% and 
13.8%) and extreme relative risk reductions of these 
events with prophylactic LMWH (odds ratios >10).44 45 
This finding emphasises how these exploratory 
analyses based on a small number of studies might be 
particularly sensitive to the outstanding results of one 
or two studies. Overall, these results do not refute our 
initial assumption that any possible difference in the 
relative effects of LMWH or direct oral anticoagulants 
between orthopaedic and non-orthopaedic surgeries 
would be small. Moreover, these differences would be 
less substantial than possible differences in baseline 
risks, based on patient and surgery risk factors, which 
determines different absolute treatment effects even 
assuming constant relative treatment effects. In this 
context, to look for an average estimate for the relative 
treatment effect, of increased precision, is a reasonable 
approach to support decision making.

To highlight the importance of looking at absolute 
treatment effects in a risk-benefit assessment, in 
table 1 and table 2 we calculated ranges of absolute 
treatment effects with control event rates in the 
included trials, and rated the certainty of evidence 
(precision) based on these absolute treatment 
effects, rather than on the network odds ratios. Even 
if clinically more appropriate, this approach assigns 
an important role to the choice of what control 
risk estimates to adopt. We used the highest and 
lowest baseline risks in the included studies to look 
at a plausible range, after removing a few studies 
(some in orthopaedic and some in non-orthopaedic 
surgery), where the event rate in the control group was 
exceptionally higher than the average. We considered 
these studies outliers, attributing the differences 
mainly to methodological or contextual factors (these 
studies were small and conducted in only one centre). 
Should these higher rates be true, however, they would 
translate into higher absolute treatment effects and 
different considerations of benefits and risk-benefits. 
Another possible limitation of the use of baseline risks 
from the included studies is that our review covered 
a wide timeframe, and when studies were conducted 
might play a role. In fact, when clear outliers were 
excluded, we noted a trend for higher event rates in 
the older trials. We did not find a significant trend, and 
the use of estimates from observational studies (cohort 
studies, registries), rather than randomised controlled 
trials, would be more appropriate to confirm this 
trend. However, it is plausible that the rate of venous 

thromboembolism events might be affected by recently 
recommended early postoperative mobilisation in 
orthopaedic and non-orthopaedic surgery in enhanced 
recovery protocols.46-48

Another limitation could be that we focused 
on LMWH and direct oral anticoagulants, and 
did not consider other drug treatment options for 
thromboprophylaxis, such as unfractionated heparin, 
fondaparinux, vitamin K antagonists, and aspirin. We 
decided, however, to take a pragmatic approach and 
look at agents that have been more extensively studied 
for thromboprophylaxis, and that could be more 
appealing options to evaluate in any future trial that 
our work could inform.

Comparison with other studies
Several published systematic reviews have evaluated 
randomised controlled trials on drug treatment for 
prophylaxis in surgical populations, and some have 
used a network meta-analysis approach.3 49-55 All of 
the systematic reviews, however, included studies in 
major elective orthopaedic surgery only (total hip or 
knee replacement). To our knowledge, ours is the first 
systematic review and network meta-analysis of the 
literature on drug treatment for thromboprophylaxis 
in patients undergoing surgery, looking at non-cardiac 
surgery as a whole. Moreover, the existing systematic 
reviews and network meta-analyses do not distinguish 
or analyse separately symptomatic events versus 
events detected by systematic imaging screening but 
not associated with symptoms.3 49 55

Although our work was based on some of the 
background work to the development of the latest 
guidelines from the American Society of Hematology, 
our work was not included in these guidelines, and 
differs from them in intent (obtaining reliable estimates 
of effects that can be used in decision making venues 
v making recommendations); in framework (approach 
to non-cardiac surgery v different types of surgeries); 
and in actual research questions (eg, comparison 
between drug treatment for thromboprophylaxis and 
no thromboprophylaxis in major joint surgery was not 
prioritised by the guidelines panel).8

Finally, our work provides a comprehensive appraisal 
of the existing evidence on thromboprophylaxis in 
non-cardiac surgery, which is instrumental to the 
identification of gaps and opportunities for further 
research. We quantified important differences in the 
evidence related to orthopaedic and non-orthopaedic 
surgeries, in terms of quantity and evaluated 
comparisons (with direct oral anticoagulants still 
under investigated in non-orthopaedic surgery), 
and methodological quality. Generally, orthopaedic 
surgery trials were of higher quality and were often 
sponsored by industry (supplementary material). By 
focusing on symptomatic venous thromboembolism 
events, we could also assess how often the original 
studies did not focus on or report these outcomes. 
Finally, with our search update, we showed that in 
the past year, new studies in the published relevant 
literature had similar limitations (mainly in major 
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joint surgery, and mostly small, and with no report of 
symptomatic events).

Study implications for research and practice
Our work has identified the limitations of the existing 
evidence. Notwithstanding the gain in precision, some 
of our estimates were based on evidence of moderate 
or low certainty, partly because of the methodological 
limitations of the included studies. In particular, our 
sensitivity analysis with placebo and no treatment as 
two separate network options found that active agents 
tended to be more effective and less safe compared 
with no treatment than when compared with placebo. 
This finding suggests that lack of blinding might 
bias outcome ascertainment and adjudication. Only 
a minority of trials including a comparison with no 
active thromboprophylaxis used placebo, especially in 
non-orthopaedic surgeries. Our review identified the 
need for large trials, especially in those non-cardiac 
surgeries where the risk-benefit of thromboprophylaxis 
might be more controversial. There is the need for 
trials that adopt high methodological standards 
(including blinding) and outcome definitions for 
venous thromboembolism and bleeding that are 
clinically relevant and objective. The ARTS (Avoiding 
Risks of Thrombosis and Bleeding in Surgery) trial 
will compare thromboprophylaxis with a direct oral 
anticoagulant (apixaban) versus no anticoagulation 
(placebo) in patients undergoing intra-abdominal, 
gynaecological, or urological surgery on symptomatic 
venous thromboembolism and major bleeding.56 ARTS 
will help fill the gaps that our review identified.

We believe our work summarises the current 
knowledge and can inform decision making, in 
developing guidelines and in clinical practice. Decision 
makers can use our network relative treatment 
effects and combine them with trustful (and ideally 
up-to-date) baseline risk estimates specific to their 
population and surgery, to obtain absolute treatment 
effects for benefits and harms. In the supplementary 
material (table S13), we have provided examples of 
these calculations of baseline risks for symptomatic 
venous thromboembolism specific to the surgery 
or procedure; most were obtained from an ongoing 
systematic review of observational studies.57

Conclusions
We showed that direct oral anticoagulants and LMWH 
probably reduce symptomatic venous thrombo
embolism in major non-cardiac surgery, and that direct 
oral anticoagulants probably have a relatively greater 
efficacy than LMWH at the standard prophylactic 
dose. All of the drug treatment options probably 
increase bleeding. With the network meta-analysis 
approach and focusing on symptomatic events, our 
study provided comprehensive evidence on relative 
treatment effects. Many of our estimates were based 
on evidence of moderate-to-high certainty and can 
inform decision making. We showed that pulmonary 
embolism was consistently rare after non-cardiac 
surgery and that overall reported rates for symptomatic 

thrombotic events and major bleeding events are rare 
(<1%), but with possible differences across surgical 
populations and centres. Therefore, we emphasise the 
need to use our study findings for net effect evaluation 
of perioperative thromboprophylaxis that accounts for 
these additional factors.
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