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Objective: To describe the incidence of bleeding and thrombotic complications in VA-ECMO according to
anticoagulation strategy.
Design: This systematic review and meta-analysis included randomised controlled trials (RCTs) and
observational studies reporting bleeding and thrombotic complications in VA-ECMO. The incidence of
primary outcomes according to anticoagulation drug and monitoring test was described.
Data sources: CENTRAL, MEDLINE, Embase and CINAHL (2010eJanuary 2024).
Review methods: Data was extracted using Covidence. A meta-analysis of proportions was performed
using STATA MP v18.1 metaprop.
Results: We included 159 studies with 21,942 patients. No studies were at low risk of bias. The incidence
of major bleeding or thrombotic events was similar among heparin-, bivalirudin- and anticoagulation-
free cohorts. The pooled incidence of major bleeding and thrombotic complications were 40% (95%CI
36e44, I2 ¼ 97.12) and 17% (95%CI 14e19, I2 ¼ 92.60%), respectively. The most common bleeding site was
thoracic. The most common ischaemic complication was limb ischaemia. The incidences of major
bleeding or thrombotic events, intracranial haemorrhage and ischaemic stroke were similar among all
monitoring tests. Mechanical unloading was associated with a high incidence of major bleeding events
(60%, 95%CI 43e77, I2 ¼ 93.32), and ischaemic strokes (13%, 95%CI 7e19, I2 ¼ 81.80).
Conclusions: Available literature assessing the association between anticoagulation strategies in VA-
ECMO, and bleeding and thrombosis is of limited quality. We identified a substantially higher inci-
dence of major bleeding events than a previous meta-analysis. Limited numbers of patients anti-
coagulated with alternatives to heparin were reported. Patients with additional mechanical LV unloading
represent a cohort at particular risk of bleeding and thrombotic complications.

© 2024 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1
1. Introduction

Extracorporeal membrane oxygenation (ECMO) is an invasive
therapy used to support patients with refractory cardiorespiratory
failure. Although anticoagulation on ECMO is largely routine, the
optimal anticoagulation strategy remains under debate. The coa-
gulopathy acquired during support differs between veno-venous
ospital, Intensive Care Unit,

B.V. on behalf of College of Intensi
g/licenses/by-nc-nd/4.0/).
(VV) and veno-arterial (VA) ECMO, with a higher risk of both
bleeding and thrombosis in VA-ECMO.2 Cumulative packed red cell
transfusion requirement has been associated with increased mor-
tality.3 Conversely, thrombotic complications may be equally clin-
ically important. These include compromise of the circuit and
oxygenator which may require routine or emergent exchange,
emboli to vital organs or deep vein thrombosis (DVT). The anti-
coagulation strategy may therefore represent a potential modifi-
able intervention to improve outcomes.

The components of an anticoagulation strategy include the
anticoagulant drug, the monitoring test and the target range of the
ve Care Medicine of Australia and New Zealand. This is an open access article under
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test. The most frequently used anticoagulant in ECMO is unfrac-
tionated heparin (UFH),4 although there is increasing interest in
agents such as bivalirudin.5e9 Options for monitoring anti-
coagulation include activated partial prothrombin time (aPTT),
anti-Xa assays and point of care tests (e.g. activated clotting time
(ACT) or viscoelastic testing). Previous studies have demonstrated a
poor correlation between ACT and APTT in VA-ECMO.10 APTT has
beenwidely adopted outside of ECMO; however, critical illness may
alter the aPTT independent of the heparin effect. Anti-Xa is
considered a more direct measure of heparin effect but is subject to
interference by plasma-free haemoglobin and bilirubin, which are
frequently elevated in ECMO.

Given the heterogeneity of VA-ECMO populations, including
central cannulation, use of mechanical LV unloading necessitating
additional arterial access, post-cardiotomy patients or extracorpo-
real cardiopulmonary resuscitation (E-CPR), it is conceivable that
bleeding and thrombotic complications may vary substantially
between subpopulations.

This systematic review and meta-analysis aimed to describe the
incidence of bleeding and thrombotic complications in VA-ECMO
according to the anticoagulation strategy employed.
2. Methods

This systematic review was reported according to the PRISMA
guidelines11 and followed a pre-published protocol.12 The primary
objective was to describe the incidence of bleeding and thrombotic
complications associated with individual anticoagulation strategies
in VA-ECMO described in the published literature. Due to the ex-
pected heterogeneity, this review aimed to describe the relation-
ship between anticoagulant drug choices, and anticoagulant
monitoring, as well as specific contexts such as ECPR, post-car-
diotomy ECMO, central cannulation and patients requiring me-
chanical LV unloading.
2.1. Criteria for inclusion

All randomised controlled trials (RCTs) and observational
studies describing anticoagulation and the incidence of any of the
outcomes of interest in VA-ECMO were included. Case series and
cohort studies with less than ten VA ECMO patients were excluded.
Physiological modelling studies and cadaver studies were excluded.
Abstracts and studies in press were included. Due to the evolution
in ECMO technology and accumulating institutional experience,
only studies published after 2010 were included.

Studies involving adults aged 16 years and older admitted to
intensive care for any indication of VA-ECMO were included.

Studies that assessed any intervention in patients on VA-ECMO
were included. All cannulation configurations were included,
including central and peripheral cannulation. Veno-pulmonary
arterial ECMO (V-PA) was not considered VA ECMO and was not
included. All indications for ECMO were eligible. Studies that
include both VA and VV-ECMO were only included if the VA pa-
tients’ results were reported separately. Due to an anticipated low
number of direct thrombin inhibitor studies, studies with com-
bined VV and VA cohorts where VA represents greater than 85% of
the cohort were included even if outcomes were not reported
separately. To be included, a study had to report the following:

1. Anticoagulant drug used

OR
2. Test for monitoring used

AND
Fig. 1. Prisma diagram.
3. At least 1 included outcome of interest (primary or secondary)
2.2. Search methods

Electronic databases for articles using keywords, synonyms and
subject headings that relate to ECMO, anticoagulation and relevant
complications were searched. Further details regarding the elec-
tronic search can be found in the appendix and pre-published
protocol.12

The following databases were searched for published trials:

1. Cochrane Central Register of Controlled Trials (CENTRAL)
2. MEDLINE Ovid
3. Elsevier Embase
4. CINAHL EBSCO
2.3. Data collection and analysis

Two review authors independently screened all titles and ab-
stracts of each reference identified by our search and indepen-
dently assessed the full text of any potentially relevant studies for
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eligibility. Covidence software was used to collate search results,
remove duplicates and record screening decisions at each stage.13

Any disagreements were resolved by discussion and consensus
prior to proceeding at each stage.

Through Covidence, a standardised data-extraction sheet was
used, in line with the Cochrane Handbook for Systematic Reviews of
Interventions Version 6.3.14 Two review authors independently
extracted information regarding trial design, the anticoagulation
strategy, outcomes of interest (as reported below) and information
relevant to the risk of bias grading. Where required, individual trial
authors or organisations were contacted to obtain missing data.
Any disagreements were resolved by discussion and consensus. All
studies were assessed for country of origin, authors, primary
institution, and years of data collection to ensure outcomes were
not collected from overlapping cohorts.

Two review authors independently assessed methodological
quality. Risk of biaswas judged based on the anticoagulation strategy
and this study's primary outcomes, rather than the objectives of the
studies. Cochrane's Risk of Bias 2 (ROB2) tool for RCTswas used.15 For
non-RCTs, the ROBINS-I tool was used.16 For RCTs where patients
were not randomised based on anticoagulation strategy, data was
handled as observational, and the ROBINS-I tool was used. Bias sur-
rounding deviation from intended intervention was anticipated,
given observational studies are unlikely to report on intentional de-
viation from institutional protocols in patients with increased
bleeding or thrombosis. 'Risk of Bias' summaries are presented using
the ‘Robvis tool',17 as well as 'Risk of Bias' judgements for individual
studies in the 'Characteristics of Included Studies' table.

2.4. Outcomes

Unless otherwise specified, outcomes were limited to the dura-
tion of the time spent on ECMO. The primary outcomes are related to
the severity of the bleeding or thrombosis, whereas secondary
outcomes are related to the anatomical location of the events.

1. Co-Primary Outcomes:
A. Primary bleeding outcomes - Major Bleeding Events (as

defined by the study), and intracranial bleeding.
B. Primary thrombotic outcomes - Major thromboembolic

events (as defined by the study) and ischaemic stroke.
2. Secondary Bleeding Outcomes (Bleeding Location)

A. Cannula site bleeding
B. Gastrointestinal, intraabdominal and retroperitoneal bleeding
C. Respiratory tract bleeding (pulmonary, tracheobronchial and

oropharyngeal)
D. Thoracic bleeding
E. Bleeding requiring procedural intervention (surgery, endos-

copy, interventional radiology and new drain insertion)
3. Secondary Thrombotic Outcomes (Thrombosis Location)

a. Major circuit thrombosis defined as a circuit or com-
ponent change or thrombosis causing haemodynamic
compromise

b. DVT
c. Embolic phenomena to solid organs
d. Limb ischaemia

4. Tertiary outcomes
A. Survival to decannulation-defined as weaning off ECMO,

bridge to transplant or bridge to durable circulatory support.
B. Mortality at longest follow-up

2.5. Data synthesis

Analyses were performed using STATA (MP version 18.1, College
Station, TX, USA). It was anticipated that most studies would be
single-arm cohort studies and as such, analysis was limited in these
cases to incidences. Where multiple different anticoagulation
strategies within the same study were included in a single analysis,
these strategies were denoted on forest plots by numbers in pa-
rentheses following the author's name. For RCTs with anti-
coagulation strategies as the intervention, risk ratios and mean
differences were planned to be reported. Incidences of bleeding
complications, thromboembolic complications and mortality were
calculated by pooling study-specific data. A random effects model
was applied using DerSimonian and Laird for proportions, using the
metaprop command in STATA, with 95% confidence intervals. Es-
timates are represented in forest plots. A sensitivity analysis low
risk of bias studies was planned.

2.6. A subgroup analysis and investigation of heterogeneity

Where sufficient data was available, subgroup analyses were
performed for primary outcomes based on:

1. Anticoagulant
2. Heparin monitoring test
3. Central cannulation
4. ECPR
5. Post-cardiotomy
6. Use of mechanical support for LV unloading

The incidence ofmajor bleeding according to bleeding definition
was also assessed.

Recognised formal bleeding definitions are more thoroughly
outlined in the Appendix.

A post-hoc analysis was performed comparing the incidence
of major bleeding events in post-cardiotomy patients to patients
in studies that exclusively did not contain post-cardiotomy
patients.

The I2 test was utilised to assess statistical heterogeneity for
each outcome [17]. We judged I2 values as follows:

� 0%e40%: might not be important
� 41%e60%: may represent moderate heterogeneity
� 61%e90%: may represent substantial heterogeneity.

3. Results

3.1. Study selection and characteristics

The search identified 12195 studies, of which 1591,5e10,18e184

were included in the final review, with 21,942 patients in the
quantitative synthesis. The details of the search results are outlined
in the PRISMA Diagram (Fig. 1). The details of the included studies
are outlined in the Table of Characteristics (Table 1, Appendix). Of
the 159 included studies, 20 were prospective and 3 were
RCTs. None of the three RCTs were randomised to receive an
anticoagulation strategy as the intervention. Of the included
studies, 151 reported outcomes of interest for
UFH1,5e7,10,18e20,22e97,99e108,110e112,114e119,121e125,127e132,135e140,142,

144e150,152e174,179,180,183, 8 for bivalirudin5,6,8,9,27,132,170,184, 2 for
argatroban27,168, 2 for nafamostat142,175 and 12 for no
anticoagulation27,32,84,109,121,122,125,127,133,150,163,180.

All included studies were English language studies. With
regard to geographical location of publication, most studies origi-
nated from the United States of America (46), Germany (23), France
(20) and South Korea (17). Other countries included China (11),
Japan (6), Italy (5), Australia (3), Saudi Arabia (3), the United
Kingdom (3), Canada (2), Taiwan (2) and the Netherlands (2).
Croatia, Denmark, Finland, Hong Kong, India, Poland, Turkey and
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the United Arab Emirates each published a study included in this
manuscript (Table 1).

3.2. Risk of bias

The Risk of Bias assessments for RCTs and observational studies
are outlined in Figs. 2 and 3 (Appendix). No study was identified as
‘Low Risk of Bias’ for the primary outcomes. Given none of the RCTs
were randomised by anticoagulation strategy, all three were
assessed using the ROBINS-I tool.

3.3. Outcomes

The incidence of the primary, secondary and tertiary outcomes
are outlined in Table 2. The most common site of bleeding reported
was thoracic bleeding (24%, 95%CI 1e66, I2 ¼ 94.49%). The most
common ischaemic complication was limb ischaemia (95%CI 1e33,
I2 ¼ 80.97). In total, 58% (95%CI 24e96, I2 ¼ 93.11) of patients
survived to decannulation.

Major Bleeding Events, as defined by individual studies, had an
overall incidence of 40% (95% CI 36e44, I2 ¼ 97.12) (Table 2). Sig-
nificant heterogeneity existed among Major Bleeding Events
depending on the definition employed, but there was no between-
group difference when only standardised definitions of Major
Bleeding were assessed (44%, 95% CI 39e48, I2 ¼ 90.66%, P ¼ 0.60
between groups) (Fig. 4, Table 4, Appendix). Definitions for Major
Bleeding Events used by individual studies were included in Table 1.
The incidence of Major Bleeding Events differed significantly be-
tween cohorts based on the anticoagulant used due to a small
number of nafamostat patients. UFH was by far the most used
anticoagulant. In patients managed with UFH, the monitoring tests
employed were not associated with a difference in incidence of
Major Bleeding Events.

Major thrombotic events had an incidence of 17% (95%CI 14e19,
I2 ¼ 92.60%), with significant difference between anticoagulants,
with the lowest incidence among the small nafamostat cohort. The
highest incidence of major thrombotic events occurred with UFH
(Table 3). In total, 121 papers did not define thrombotic events
(Table 1). In studies of with UFH as the anticoagulant, the pooled
incidence of major thrombotic events was similar across different
monitoring tests.

Three per cent (95%CI 3e4, I2 ¼ 64.03%) of patients developed
ICH (Table 5). Study datawas insufficient to analyse nafamostat and
Fig. 2. ROBINS-I s
argatroban, but the incidence of ICH did not differ significantly
between patients anticoagulated with heparin, bivalirudin, or no
anticoagulation. Among patients anticoagulated with heparin, the
monitoring test employed was not associated with a difference in
incidence of ICH. Patients managed without anticoagulation had a
lower incidence of ischaemic stroke than UFH (Table 5).

3.4. Subgroup analysis

Subgroup analyses were performed for primary outcomes
among ECPR, post-cardiotomy, central cannulation and patients
receiving LV unloading (Table 6). Post-cardiotomy represented the
subgroup with the largest sample. The number of ECPR and pa-
tients receiving LV unloading were comparatively low. A post-hoc
analysis comparing major bleeding events in post-cardiotomy
studies to non-post-cardiotomy studies demonstrated a signifi-
cantly higher incidence in the post-cardiotomy population, at 50%
(95%CI 43e58) vs 37% (95%CI 31e43) (p ¼ 0.01) (Fig. 5).

3.5. Assessing reporting bias

Funnel plots were generated for each of the co-primary out-
comes (Figs. 6e9, Appendix). Asymmetry was evident in all four
funnel plots.

4. Discussion

This systematic review and meta-analysis represent the most
up-to-date and extensive analysis of anticoagulation practice in VA-
ECMO, and included 21,942 patients in the final quantitative anal-
ysis. The identified incidence of major bleeding events of 40% and
the overall incidence of major thrombosis of 17%. Ischaemic stroke
and ICH had respective incidences of 6% and 3%. UFH was by far the
most used anticoagulant in this study.

4.1. The incidence of major bleeding events and sites of bleeding

The identified incidence of major bleeding events of 40% was
substantially higher than reported in a previous meta-analysis,185

even when accounting for bleeding definitions employed. A sub-
group analysis of major bleeding events reported according to
recognised formal definitions such as ELSO, BARC, GUSTO and ISTH
demonstrated no between-group heterogeneity. Thoracic bleeding
ummary plot.



Fig. 3. ROBINS-I traffic light summary.

Table 2
Incidence of haemorrhagic and thrombotic complications in overall population as defined by study.

Event N¼ No. Events Reported Range (%) Pooled Estimate (%) 95% CI I2

Major bleeding events 12736 5006 2e92 40 36e44 97.12
Cannula site bleeding 8706 1370 2e73 18 16e21 91.93
Abdominal bleeding 4595 476 2e50 11 9e13 82.24
Intracranial haemorrhage 10035 381 1e25 3 3e4 64.03
Respiratory bleeding 2416 213 1e70 9 6e11 87.13
Thoracic bleeding 3550 476 10e66 24 19e30 94.49
Bleeding requiring procedural intervention 6289 2553 0e83 32 25e38 98.01
Major thrombotic events 6505 952 1e69 17 14e19 92.60
Major circuit thrombosis 4394 376 1e50 7 6e9 86.97
DVT 1823 301 0e21 6 4e8 78.50
Intracardiac thrombus 1795 91 1e10 4 3e6 53.75
Ischaemic stroke 10838 862 1e33 6 5e7 83.12
Solid organ emboli 4811 243 1e14 3 2e5 82.74
Limb ischaemia 11544 1197 1e33 9 8e11 80.97
Survival to decannulation 10853 6100 24e96 58 54e61 93.11
Survival at longest follow-up 17865 7866 14e100 46 40e52 92.8
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represented the most common site of bleeding. Bleeding requiring
procedural intervention occurred in 32%. These two findings may
have been confounded by the inclusion of post-cardiotomy pa-
tients, as the bleeding in this cohort may reflect surgical bleeding
requiring rethoracotomy for haemostasis. The post-hoc subgroup
analysis comparing post-cardiotomy patients to non-post-car-
diotomy patients demonstrated a significantly higher incidence of
major bleeding events in the post-cardiotomy cohort (50 vs 37%,



Fig. 4. Major bleeding events with formal definitions.
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p ¼ 0.01). Patients receiving additional mechanical left ventricular
(LV) unloading had particularly high incidences of major bleeding
events compared to the general population and other high-risk
subgroups. Major bleeding events were similar across UFH, biva-
lirudin and anticoagulation-free cohorts. In patients anticoagulated
with UFH, major bleeding events were similar across all reported
monitoring tests.

4.2. The incidence of major thrombotic events and sites of
thrombosis

This study similarly identified an incidence of major thrombotic
events (17%) substantially higher than the previously reported
8%.185 Limb ischaemia represented the most common ischaemic
complication. Post-cardiotomy, central cannulation and LV
unloading subgroups all demonstrated particularly high incidences
of thrombotic complications. This review highlights the lack of
consistency in defining major thrombosis in ECMO research, with
121 papers not providing a definition.

4.3. The incidence of neurological complications

The incidence of ischaemic stroke and ICH in this study was in
keeping with rates published by the ELSO registry,186 although the
ELSO registry did not describe underlying anticoagulation strate-
gies employed. The proportion of patients surviving
decannulation and hospital discharge was in keeping with previ-
ously published data.187 Patients receiving additional mechanical
LV unloading had a notably high proportion of ischaemic strokes.
Patients managed without anticoagulation interestingly reported a
lower incidence of ischaemic stroke. This may represent a selection
bias of low thrombotic risk patients being managed with this
strategy.

4.4. Comparison to other studies

This meta-analysis reported substantially higher rates of major
bleeding events (40% vs 27%) and thrombosis (17% vs 8%) when
compared to the previous meta-analysis published by Sy et al185

They included 26 studies (1496 patients) published between 1977
and 2016. Of these studies, 10 contained exclusively post-car-
diotomy patients and 4 contained exclusively ECPR. The current
meta-analysis contained only studies published from 2010 onwards
to better reflect contemporary practice and technology and
included over 20,000 patients. Since the previously published
meta-analysis, there has been a sharp increase in published VA-
ECMO literature. Sy was unable to assess an association between
formal bleeding definitions and the incidence of major bleeding
events. They reported an incidence of major bleeding post-car-
diotomy of 31% and reported the need for surgical intervention as
the most common type of major bleeding. This is a substantially
lower incidence of post-cardiotomy major bleeding than the 50%
reported in our study, however, we detected an incidence in the
need for surgical intervention of 32%. We hypothesise that a lack of
standardised bleeding definitions used by Sy et al. resulted in an
under-reported incidence of major bleeding events. The proportion
of patients surviving decannulation, and hospital discharge in our
study was in keeping with previously published data,187 which is a
more objective outcome than bleeding, and we believe this adds to
the external validity of this study.

4.5. Strengths and limitations

This meta-analysis represents the most comprehensive and up-
to-date analysis of the topic. It followed a pre-published protocol
and was completed according to the PRISMA guidelines.11 This
study has demonstrated novel findings relevant to contemporary
practice, including the particularly high incidence of bleeding and
thrombotic events in patients requiring left ventricular mechanical
unloading. This study is also the first meta-analysis to assess the



Table 3
Incidence of major bleeding and thrombotic events by subgroups.

Major Bleeding Events n¼ No. Events Pooled Estimate (%) 95% CI I2 (%) P value

Overall population 12736 5006 40 36e44 97.12 NA
Overall population by formal definitionsa 4549 1863 44 39e48 90.66 0.60
Heparin 12183 4848 41 36e46 97.39 <0.05
Bivalirudin 130 51 43 28e58 64.50
Nafamostat 135 15 8 0e18 72.11
No anticoagulation 251 84 38 18e58 93.56
Monitored by APTTb 5463 1716 48 39e58 89.43 0.33
Monitored by ACTb 1216 502 38 24e51 96.83
Monitored by anti-Xab 1051 483 48 39e58 89.43
Multimodal monitoringb 1815 813 44 30e58 98.04

Major thrombosis n¼ No. Events Pooled estimate (%) 95% CI I2 (%) P Value

Overall population 6505 952 17 14e19 92.60 NA
Heparin 5968 901 19 15e22 93.12 <0.05
Bivalirudin 244 39 15 1e19 0.0
Nafamostat 135 1 1 0e3 0.0
No anticoagulation 158 11 6 0e13 76.9
Monitored by APTTb 1621 326 22 16e29 90.74 0.33
Monitored by ACTb 580 104 14 6e23 94.94
Monitored by anti-Xab 993 244 21 15e27 79.79
Multimodal monitoringb 638 91 15 8e22 83.20

a Formal definitions for major bleeding events include ELSO definition, BARC 3þ, GUSTO score, ISTH definition etc.
b Outcomes in patients managed with UFH according to monitoring test used.

Table 4
Incidence of major bleeding events by study definition.

Major Bleeding Events by Definition

Anticoagulant N¼ No. Events Pooled Estimate 95% CI I2 P value

ELSO definition 3202 1332 0.40 0.30e0.49 91.93 <0.05
BARC3þ 1061 415 0.40 0.30e0.49 89.43 <0.05
MTP 593 150 0.29 0.10e0.48 NA NA
Surgical intervention 479 94 0.27 0.13e0.40 92.20 <0.05
ISTH 203 75 0.48 0.23e0.73 NA NA
GUSTO 83 41 0.49 0.39e0.60 NA NA
Other 3142 1033 0.44 0.34e0.55 97.99 <0.05
No definition provided 3903 1859 0.38 0.27e00.48 97.88 <0.05

Table 5
Incidence of anticoagulation associated neurological complications.

ICH n¼ No. Events Pooled Estimate (%) 95% CI I2 (%) P value

Overall population 10035 381 3 3e4 64.03 NA
Heparin 9743 373 4 3e4 67.88 0.28
Bivalirudin 89 4 4 0e9 20.8
No anticoagulation 166 3 2 0e4 0.0
Monitored by APTTa 2825 370 3 2e4 60.67 0.05
Monitored by ACTa 1452 242 4 3e5 0.00
Monitored by anti-Xaa 779 224 2 0e4 61.04
Multimodal monitoringa 1198 180 5 3e7 68.21

Ischaemic stroke n¼ No. Events Pooled estimate (%) 95% CI I2 (%) P Value

Overall population 10838 862 6 5e7 83.12 NA
Heparin 10428 848 7 5e8 85.16 <0.05
Bivalirudin 207 8 3 1e6 0.00
No anticoagulation 166 4 2 2e4 0.00
Monitored by APTTa 4321 310 7 5e9 88.68 0.66
Monitored by ACTa 1973 149 5 3e7 77.37
Monitored by anti-Xaa 450 59 7 2e13 79.20
Multimodal monitoringa 1574 108 6 4e8 59.54

a Outcomes in patients managed with UFH according to monitoring test used.
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incidence of major bleeding specifically in VA-ECMO per anti-
coagulation strategy according to well-recognised definitions. The
results may serve as a reference for power calculations for future
studies in this field.
This meta-analysis highlights that no high-quality data
assessing the relationship between anticoagulation strategies and
outcomes exists. This is largely due to confounding bias, as
populations with heterogenous indications for VA-ECMO



Table 6
Incidence of primary outcomes among high-risk subgroups.

Major Bleeding
Events

n¼ No.
Events

Pooled
Estimate (%)

95% CI I2 (%)

ECPR 796 367 41 25e58 96.94
Post-cardiotomy 5574 2368 50 43e58 96.57
Central cannulation 342 112 51 22e81 98.03
LV unloading 414 247 60 43e77 93.32

Major thrombosis N¼ No. Events Pooled
estimate (%)

95% CI I2 (%)

ECPR 623 112 13 6e21 90.00
Post-cardiotomy 853 179 23 12e34 90.89
Central cannulation 59 15 25 14e37 NA
LV unloading 194 41 21 15e27 0.00

ICH N¼ No. Events Pooled
estimate (%)

95% CI I2 (%)

ECPR 584 28 4 2e6 42.96
Post-cardiotomy 5059 174 3 2e4 55.82
Central cannulation 104 14 12 6e18 00.00
LV unloading 417 27 5 2e8 60.77

Ischaemic stroke N¼ No. Events Pooled
estimate (%)

95% CI I2 (%)

ECPR 664 25 3 2e4 0.00
Post-cardiotomy 4725 410 7 5e9 71.86
Central cannulation 158 16 8 3e14 33.10
LV unloading 717 104 13 7e19 81.80

Fig. 5. Major bleeding events in post-cardiotomy vs non-cardiotomy patients.
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inherently carry different risks of major bleeding, as demon-
strated by this study. Future studies should attempt to include
more homogenous populations. Another major limitation of this
study is that it represents a meta-analysis of intention to follow
departmental anticoagulation protocols, rather than an individual
patient data meta-analysis. This paper is unable to account for
the time spent with anticoagulation in the therapeutic range or
individual clinicians’ responses to major bleeding or thrombotic
events. Similarly, transfusion triggers vary between centres and
the requirement for transfusion as a definition of major bleeding
is potentially problematic. Therefore at least a moderate risk of
bias due to deviation from intended intervention was present in
most studies. Heterogeneity was expected and we attempted to
account for this where able. Variations in definitions and con-
founding biases of populations likely represent a large compo-
nent of the heterogeneity encountered. However, over-
interpretation of the I2 test results reported in this study should
be cautioned, as high I2 results are typical for meta-analyses of
proportions.188

Although this review assessed the overall incidence of mortality
and survival to decannulation, we did not assess their association
with individual anticoagulation strategies. This represents an
important next step for an investigation to determine if anti-
coagulation strategies can be utilised to improve patient outcomes.
Our study was not able to assess the relationship between bleeding
or thrombosis site and outcomes. This study also did not assess the
association between anticoagulation range and outcomes. This
study has highlighted the need for high-quality prospective data
assessing the association between specific bleeding and thrombotic
events and patient-centred outcomes, andwhether anticoagulation
strategies are a modifiable risk factor for improving these out-
comes. Although there were 3 RCTs included in our analysis, the
intervention to which patients were randomised in each was not
anticoagulation.

The sample sizes for novel anticoagulation strategies such as
direct thrombin inhibitors and nafamostat were limited, and it is



Fig. 6. Funnel plot for Major Bleeding Events.

Fig. 7. Funnel plot for ICH.

Fig. 8. Funnel plot for major thrombotic events.
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Fig. 9. Funnel plot for ischaemic stroke.
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difficult to draw firm conclusions on these cohorts, especially
regarding outcomes with lower incidences such as neurological
complications.

In conclusion, the incidence of major bleeding identified in this
study is higher than previously reported. Post-cardiotomy pa-
tients, those that underwent LV unloading, and central cannula-
tion had particularly high incidences of Major Bleeding. The
incidence Major Bleeding Events, Major Thrombotic Events and
ICH were similar among UFH, bivalirudin and anticoagulation-free
VA-ECMO, and did not differ between UFH monitoring tests. The
numbers reported for patients managed with non-UFH-based
strategies were low.
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SUPPLEMENTAL MATERIAL

Search Strategy in Ovid Format:
Database: Ovid MEDLINE(R) ALL <1946 to Present>
Search Strategy:

1 ECMO.tw. or Extracorporeal Membrane Oxygenation/
2 (ECLS or Extracorporeal Life Support).tw.
3 extracorporeal.tw. or Extracorporeal Circulation/
4 'Extracorporeal cardiopulmonary resuscitation'.tw.
5 ECPR.tw.
6 1 or 2 or 3 or 4 or 5
7 anticoagula*.tw. or Anticoagulants/
8 (heparin or UFH or unfractionated).tw. or Heparin/
9 bivalirudin.tw.
10 Nafamostat.tw.
11 prostacyclin.tw.
12 epoprostenol.tw.
13 argatroban.tw.
14 APTT.tw. or Partial Thromboplastin Time/or Blood Coagulation/

or Blood Coagulation Tests/or Prothrombin Time/
15 (TEG or thromboelastography).tw.
16 (ROTEM or thromboelastometry).tw.
17 viscoelastic.tw. (16726)
18 (activated clotting time or ACT).tw.
19 anti$XA.tw.
20 Platelet Function Tests/
21 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or

19 or 20
22 Bleed*.tw.
23 Gastrointestinal Haemorrhage/
24 Haemostasis/or h*emosta*.tw.
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25 Postoperative Complications/or Postoperative Haemorrhage/or
Reoperation/

26 ('return to theatre' or 'rethoracotomy').tw.
27 Thrombosis/or thromb*.tw.
28 Intracranial Thrombosis/or Embolic Stroke/or Haemorrhagic

Stroke/or Ischemic Stroke/or Stroke/or Thrombotic Stroke/
29 Venous Thrombosis/or Pulmonary Embolism/or Venous

Thromboembolism/
30 (DVT or deep vein thrombosis).tw.
31 Ischemia/or Peripheral Arterial Disease/or Arterial Occlusive

Diseases/
32 Blood Component Transfusion/or Blood Transfusion/or Eryth-

rocyte Transfusion/or Platelet Transfusion/(69654)
33 transfus*.tw.
34 ('massive transfusion' or MTP).tw.
35 0bleeding event'.tw.
36 0thrombotic event'.tw.
37 BARC.tw.
38 thromb$s.tw.
39 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or

33 or 34 or 35 or 36 or 37 or 38
40 6 and 21 and 39
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