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Abstract
Objective To determine the adverse outcomes
following resumption of anticoagulation in patients with
anticoagulation-associated intracranial haemorrhage
(ICH).
Design We performed a systematic review and metaanalysis in this clinical population. The Preferred
Reporting Items for Systemic Reviews and Meta-Analyses
statement was followed, and two authors independently
assessed eligibility of all retrieved studies and extracted
data.
Data sources Medline, Embase and the Cochrane Central
Register of Controlled Trials, from inception to February
2017.
Eligibility criteria and outcomes Randomised controlled
trials or cohort studies that recruited adults who received
oral anticoagulants at the time of ICH occurrence and
survived after the acute phase or hospitalisation were
searched. Primary outcomes, including long-term mortality,
recurrent ICH and thromboembolic events. Secondary
outcomes were the frequency of resuming anticoagulant
therapy and related factors.
Results We included 12 cohort studies (no clinical trials)
involving 3431 ICH participants. The pooled frequency of
resuming anticoagulant therapy was 38% (95% CI 32% to
44%), but this was higher in participants with prosthetic
heart valves, subarachnoid haemorrhage or dyslipidaemia.
There was no evidence that resuming anticoagulant
therapy was associated with higher long-term mortality
(pooled relative risk (RR) 0.60, 95% CI 0.30 to 1.19;
p=0.14) or ICH recurrence (pooled RR 1.14, 95% CI 0.72
to 1.80; p=0.57). Resumption of anticoagulation was
associated with significantly fewer thromboembolic
events (pooled RR 0.31, 95% CI 0.23 to 0.42; p<0.001).
In a subgroup of patients with atrial fibrillation, resuming
anticoagulant therapy was associated with fewer longterm mortality (pooled RR 0.27, 95% CI 0.20 to 0.37,
p<0.001).
Conclusions Based on these observational studies,
resuming anticoagulant therapy after anticoagulationassociated ICH has beneficial effects on long-term
complications. Clinical trials are needed to substantiate
these findings.
PROSPERO registration number CRD42017063827.

Strengths and limitations of this study
►► A greater number of potentially eligible articles were

screened and included for pooling.
►► We paid careful attention to include participants who

received anticoagulant therapy at the time of intracranial haemorrhage occurrence and survived the
acute phase or hospitalisation.
►► There are many confounders (anticoagulation indication, age, clinical severity, haematoma location,
etc) related to resumption of anticoagulation in existing observational studies.
►► The confounders cannot be adjusted in this
study-level meta-analysis which limits the formation of management recommendations or improve
clinical practice.

Introduction
Oral anticoagulant is recommended for
patients with atrial fibrillation (AF) or prosthetic heart valves (PHV) to prevent cardioembolic stroke or systemic embolism. Severe
bleeding is the major fatal complication of
anticoagulant therapy, occurring in 0.3%–
4.5% per year for gastrointestinal (GI) tract
bleeding1 2 and 0.3%–0.7% per year for intracranial haemorrhage (ICH).3 4 Although GI
bleeding is more common than ICH as a
complication of anticoagulant therapy, the
main cause of bleeding-related morbidity and
mortality is ICH.5 6 Furthermore, anticoagulation-associated ICH is associated with worse
prognosis than spontaneous ICH.7 8
Once severe bleeding occurs and anticoagulant therapy is interrupted, whether and
when to resume anticoagulant therapy is a
common therapeutic dilemma, since these
patients remain at high thromboembolic
risk. A meta-analysis showed that resumption
of warfarin following interruption because of
anticoagulation-associated GI bleeding is associated with a reduction in thromboembolic
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Methods
Patient and public involvement
Patients and public were not involved in this study.
Search strategy
The Preferred Reporting Items for Systemic Reviews and
Meta-Analyses statement13 was followed. The protocol was
registered with the International Prospective Register
of Systematic reviews (CRD42017063827). We searched
Medline, Embase and the Cochrane Central Register of
Controlled Trials from inception to February 2017. Our
search strategy was based on the combination of the
following medical subject headings terms or keywords:
[‘anticoagulant’ OR ‘platelet aggregation inhibitors’
OR ‘atrial fibrillation’ OR ‘heart valve prosthesis’ OR
‘venous thromboembolism’ OR ‘pulmonary embolism’]
AND [‘intracranial haemorrhage’ OR ‘cerebral hemorrhage’] AND [‘resum*’ OR ‘recur*’ OR ‘reinitiat*’ OR
‘re-initiat*’ OR ‘interupt*’] (online supplementary
method S1). The C
linicalTrials.
gov website was also
searched for randomised trials that were registered as
completed but not yet published. There was no language
restriction. Reference lists of all retrieved studies and
related review articles were cross-checked for further relevant studies until no further publications were found.
Eligibility criteria
We included RCTs or cohort studies that recruited participants (≥18 years) who received oral anticoagulants at
the time of ICH occurrence and survived after the acute
phase or hospitalisation. Oral anticoagulants included
vitamin K antagonist (VKA) and non-vitamin K antagonist (NOAC). ICH was identified through appropriate
brain imaging documentation. Data on thromboembolic events, recurrent ICH or long-term mortality after
resuming anticoagulant therapy can be extracted from
the reports. We excluded the following studies: (1) where
outcomes were not reported separately for participants
who did and did not resume anticoagulant therapy (or
switched to antiplatelet agents); (2) included mixed
populations (such as with ICH and GI bleeding) and
separate results for the participants with ICH could not
be identified; (3) the primary aim was to assess risks of
2

resuming anticoagulation following traumatic ICH or
surgical intervention for ICH and (4) reviews, editorials,
letters, case or case series reports, guidelines, technical
notes and book chapters.
Study selection and data extraction
The review of potentially eligible RCTs or cohort studies
identified by the searches was conducted by two authors
(ZZ and JY) to identify reports for review in full text.
Each full-text article was then reviewed for eligibility by
these authors and, for each included study, data were
extracted independently and in duplicate using a standardised electronic form. Any disagreement on extracted
data was settled by discussion or in consultation with two
other authors (JS and MLH). Extracted data included:
(1) first author, year of publication, country or region,
study design, sample size and clinical characteristics of
recruited participants at baseline (age, gender, hypertension, diabetes mellitus, dyslipidaemia, coronary
artery disease, heart failure, history of stroke and current
smoking status); (2) anticoagulation indication, type of
anticoagulant and whether antiplatelet agents are coprescribed; (3) diagnostic method of ICH, location of ICH,
number of participants with and without resuming anticoagulant therapy after ICH, and duration of anticoagulant interruption after ICH and (4) length of follow-up,
number of lost to follow-up, long-term mortality, recurrent ICH and thromboembolic events in patients who did
and did not resume anticoagulant therapy. Two authors
(ZZ and JY) also judged the quality of each included RCT
or cohort study according to the Cochrane Collaboration’s tool14 or the Newcastle-Ottawa Scale (NOS)15 for
assessing risk of bias.
Outcomes
The primary outcomes of interest (for RCTs and cohort
studies) were long-term mortality, recurrent ICH and
thromboembolic events (such as deep vein thrombosis
(DVT), pulmonary embolism (PE), ischaemic stroke (IS),
myocardial infarction (MI) or systemic embolisation)
after the acute phase or hospitalisation. The secondary
outcomes (for cohort studies) were: (1) frequency of
resumption of anticoagulant therapy after anticoagulation-associated ICH, and (2) factors (demographics,
comorbidities, anticoagulation indication, coprescribing
of antiplatelet agents and location of ICH at baseline)
associated with resuming anticoagulant therapy after anticoagulation-associated ICH.
Statistical analysis
The number of dichotomous outcomes were summarised
and mean values with SDs were collated for continuous
outcomes. Pooled relative risks (RRs) with 95% CIs were
estimated for primary and secondary outcomes using
the DerSimonian and Laird random-effects model.16 In
every case, a two-sided p value of ≤0.05 was deemed significant. The percentage of variability across the pooled
estimates attributable to heterogeneity beyond chance
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events and mortality without a statistically significant
increase in recurrent GI bleeding.9 However, evidence
for resumption of anticoagulant therapy after anticoagulation-associated ICH is not sufficiently reliable to guide
clinical practice, especially as the evidence was partly based
on observational case series,10–12 rather than randomised
controlled trials (RCTs). In this systematic review and
meta-analysis, we aim to provide an updated overview on
the risks of long-term mortality, recurrent haemorrhage
and thromboembolic complications following resumption of anticoagulation in patients who experience anticoagulation-associated ICH and survive the acute phase
or hospitalisation.

Open Access

Figure 1

bias was sought using Egger’s regression test for funnel
asymmetry in addition to visual inspection of the funnel
plots. All statistical analyses were performed using Stata
V.12.0.
Results
Study selection and characteristics
The literature search yielded 5183 potentially eligible
articles or conference abstracts, of which 47 articles were
reviewed in full text (figure 1). Of these, 12 studies (no
RCTs, 12 cohorts)17–28 including 3431 participants (1141
resumed anticoagulant therapy, 1500 did not resume anticoagulant therapy, 790 switched to antiplatelet agents)
met the inclusion criteria. During follow-up, a total of 598
participants died after the acute phase or hospitalisation.
There were 207 events of ICH recurrence and 308 thromboembolic events reported. Most excluded studies were
not original research, were survey or decision analysis

Flow chart of literature search.
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was estimated using the I2 statistic and by calculating
the p value for heterogeneity. I2 values of 25%, 50% and
75% were regarded as low, moderate and high heterogeneity, respectively. Where there was a high likelihood of
differences, sensitivity analyses or subgroup analyses were
performed by excluding individual studies or stratification of potential confounding factors (study design, anticoagulation indication, ICH location, etc) to determine
reasons for the differences. Random-effects meta-regression on primary outcomes with potential heterogeneity
were conducted to investigate the association between
the observed RR and duration of anticoagulation interruption or follow-up length for each study. In addition,
we made three sets of comparisons on primary outcomes
among participants: (1) who resumed anticoagulant
therapy versus did not resume, (2) who resumed anticoagulant therapy versus switched to antiplatelet agents
and (3) who switched to antiplatelet agents versus did not
resume anticoagulant therapy. Evidence of publication
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Table 1

Open Access

Open Access
many studies demonstrating a high degree of selection
towards those resuming anticoagulation.
Associations of resuming anticoagulant therapy with primary
outcomes
Mean or median duration of anticoagulation interruption in participants who resumed anticoagulant therapy
ranged between 2.526 and 124 days28 after ICH. Three
studies did not report the exact timing of resuming anticoagulant therapy.20–22 Seven studies18 20–22 24 25 27 could
be pooled for long-term mortality and 11 studies17–19 21–28
were pooled for other primary outcomes. Compared
with resuming anticoagulant therapy or switching to antiplatelet agents after ICH, there was no significant association of resuming anticoagulant therapy with higher risks

Figure 2 Meta-analysis of primary outcomes. ICH, intracranial haemorrhage; re-AC, resumption of anticoagulant therapy; RR,
relative risk; TEE, thromboembolic events.
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papers, without eligible participants, included mixed
populations with bleeding or without eligible outcomes
of interest (online supplementary table S1). Two conference abstracts were excluded due to duplication with full
articles.
Included studies were published from 2005 to 2016,
and sample sizes ranged from 2023 to 1752 participants,25
with the length of follow-up ranging from 1217 20 24–27 to 55
months21 (table 1, online supplementary table S2). The
type of oral anticoagulants received at the time of ICH
occurrence was VKA in all studies, with the exception
of De Vleeschouwer et al17 (the type of anticoagulation
was not reported) and Nielsen et al25 (some participants
received NOAC). The NOS quality assessment characteristics are shown in (online supplementary table S3), with

Open Access

of long-term mortality (pooled RR 0.60, 95% CI 0.30 to
1.19; p=0.14) or ICH recurrence (pooled RR 1.14, 95% CI
0.72 to 1.80; p=0.57) (figure 2 and online supplementary
table S4). There were significant associations of resuming
anticoagulant therapy with lower risks of thromboembolic
events (pooled RR 0.31, 95% CI 0.23 to 0.42; p<0.001).
Compared with switching to antiplatelet agents, resuming
anticoagulant therapy was significantly more likely to lead
to ICH recurrence (pooled RR 1.80, 95% CI 1.05 to 3.11;
p=0.03) (figure 3), but thromboembolic events were
significantly more likely to be avoided (pooled RR 0.51,
95% CI 0.31 to 0.84; p=0.01). No difference was found
between switching to antiplatelet agents and anticoagulation resumption on long-term mortality (pooled RR 0.64,
95% CI 0.21 to 1.89; p=0.41). Funnel plots and Egger’s
regression tests identified no strong evidence of publication bias for all primary outcomes except ICH recurrence
(p=0.04) (online supplementary figure S1).
There was high heterogeneity in results pooled for
long-term mortality (I2=86.5%), which remained high
in sensitivity analyses that serially excluded each study
(I2 from 83.6% to 88.7%, online supplementary table
S5), but subgroup analysis including two studies24 25 with
the anticoagulation indication of AF showed significant
benefits without heterogeneity (pooled RR 0.27, 95% CI
0.20 to 0.37; p<0.001; I2=0.0%) (online supplementary
figure S2). There was potential heterogeneity in results
pooled for ICH recurrence (I2=29.3%). A sensitivity
analysis was performed after dropping studies recruiting
participants with subarachnoid haemorrhage (SAH) or
6

subdural haemorrhage (pooled RR 1.93, 95% CI 0.93
to 2.60; p=0.10; I2=0.0%) (online supplementary figure
S3). Meta-regression identified no association of the RR
of long-term mortality with duration of anticoagulation
interruption after ICH (p=0.21) or length of follow-up
(p=0.35). Meta-regression also identified no association
of the RR of ICH recurrence with duration of anticoagulation interruption (p=0.41) but potential association
with length of follow-up (p=0.05) (online supplementary
figures S4 and S5).
Meta-analysis of secondary outcomes
The pooled frequency of resuming anticoagulant
therapy after anticoagulation-associated ICH was 38%
(95% CI 32% to 44%), but there was high heterogeneity
(I2=89.9%) (online supplementary figure S6). Indications
for anticoagulant therapy before ICH recurrence were AF
(31% to 100%), PHV (2% to 31%), DVT or PE (DVT/
PE) (6% to 21%) and IS or MI (IS/MI) (2% to 18%)
(online supplementary table S6). Participants with PHV
were 2.52 (95% CI 1.83 to 3.45) and 2.41 (95% CI 1.90 to
3.04) times more likely to resume anticoagulant therapy
than those with AF and DVT/PE (table 2 and online
supplementary table S6). Participants with DVT/PE were
1.28 (95% CI 1.07 to 1.52) times more likely to resume
anticoagulant therapy than those with AF. There was no
association between resuming anticoagulant therapy and
location of ICH, except resumption was 1.65 (95% CI
1.00 to 2.72) times more likely to occur in participants
with SAH than with intracerebral haemorrhage (table 2
Zhou Z, et al. BMJ Open 2018;8:e019672. doi:10.1136/bmjopen-2017-019672
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Figure 3 Analysis on primary outcomes among participants who switched to antiplatelet medication, who did and did
not resume anticoagulant therapy after anticoagulation-associated ICH. APM, antiplatelet medication; ICH, intracranial
haemorrhage; Re-AC, resumption of anticoagulant therapy; RR, relative risk; TEE, thromboembolic events.
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Factors

No of studies

Included studies
(reference no)

RR (95% CI)

Heterogeneity I2 (%)

Anticoagulation indication
 PHV versus AF

8

18–22 24 26 27

2.52 (1.83 to 3.45)

71.9

 DVT/PE versus AF

7

18 19 21 22 24 26 27

1.28 (1.07 to 1.52)

0.0

 IS/MI versus AF

3

22 26 27

0.87 (0.56 to 1.36)

0.0

 PHV versus DVT/PE

7

18 19 21 22 24 26 27

2.41 (1.90 to 3.04)

26.6

 IS/MI versus PHV

3

22 26 27

0.33 (0.08 to 1.37)

74.7

 IS/MI versus DVT/PE

3

22 26 27

0.69 (0.32 to 1.52)

38.2

Location of ICH
 Lobar versus deep

6

18 20–22 24 27

1.04 (0.85 to 1.28)

0.0

 Lobar versus pons/cerebellar

4

18 20 22 24

1.01 (0.76 to 1.35)

0.0

 Lobar versus intraventricular

5

18 20 22 24 27

1.06 (0.84 to 1.35)

0.0

 Deep versus pons/cerebellar

4

18 20 22 24

0.96 (0.71 to 1.30)

0.0

 Deep versus intraventricular

5

18 20 22 24 27

1.07 (0.84 to 1.36)

0.0

 Subarachnoid versus ICH*

2

20 27

1.65 (1.00 to 2.72)

49.0

 Subarachnoid versus subdural

2

19 27

1.20 (0.80 to 1.80)

0.0

Demographics, comorbidities and baseline characteristics
 Male versus female

6

18 20–22 24 27

1.08 (0.88 to 1.32)

20.9

 With HT versus without

6

18 20–22 24 27

1.04 (0.85 to 1.28)

0.0

 With DM versus without

6

18 20–22 24 27

0.90 (0.74 to 1.10)

0.0

 With DL versus without

3

20 21 24

1.23 (1.02 to 1.49)

0.0

 With CAD versus without

4

18 20 22 24

1.06 (0.86 to 1.30)

1.0

 With HF versus without

3

20 24 27

1.03 (0.77 to 1.37)

0.0

 With Str/TIA* versus without

6

18–22 24

0.98 (0.80 to 1.21)

15.4

 INR >3 versus INR <3

2

20 27

1.69 (0.44 to 6.52)

96.1

 With surgery versus without
 With co-APM versus without

2
3

24 27
20 24 27

0.93 (0.71 to 1.23)
0.90 (0.56 to 1.45)

0.0
64.0

*With history of stroke or TIA.
AF, atrial fibrillation; CAD, coronary artery disease; co-APM, antiplatelet medicine being coprescribed at the time of ICH; DL, dyslipidaemia;
DM, diabetes mellitus; DVT/PE: deep vein thrombosis or pulmonary embolism; HF, heart failure; HT, hypertension; ICH, intracranial
haemorrhage; ICH*, intracerebral haemorrhage (including haemorrhage at lobar, deep, pons, cerebellar or intraventricular region);
INR, international normalised ratio; IS/MI, ischaemic stroke or myocardial infarction; PHV, prosthetic heart valve; re-AC, resumption of
anticoagulant therapy; RR, relative risk; Str/TIA, stroke or transient ischaemic attack.

and online supplementary table S7). In consideration of
the demographics and comorbidities, participants with
dyslipidaemia were 1.23 (95% CI 1.02 to 1.49) times
more likely to resume anticoagulant therapy (table 2 and
online supplementary table S8).

Discussion
This systematic review and meta-analysis showed that
resuming anticoagulant therapy after interruption for
anticoagulation-associated ICH reduced the risks of
thromboembolic events, without significantly increasing
the risks of ICH recurrence and long-term mortality. For
patients with AF, benefit was found on long-term mortality
after resuming anticoagulation, which is consistent with
Zhou Z, et al. BMJ Open 2018;8:e019672. doi:10.1136/bmjopen-2017-019672

the result of a study based on meta-analysis of individual
patient data.29
Strengths of our study over another three meta-analysis
published recently on this topic,30–32 included the greater
number of potentially eligible articles screened and the
subsequent inclusion of more studies for meta-analysis. In addition, we tried to avoid confounding effects
of management during the acute phase by focusing on
participants who had survived the acute phase or hospitalisation, as long-term outcome is a key factor influencing
clinical decision-making. We also focused on studies
where patients had received anticoagulant therapy at
the time of ICH occurrence and explored the factors
related to resume anticoagulant therapy after anticoagulation-associated ICH. One study,33 included in the review
7
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Table 2 Meta-analysis of factors associated with resuming anticoagulant therapy after anticoagulation-associated ICH
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We note that this produced a benefit in terms of ICH
recurrence but was inferior with regard to preventing
thromboembolic complications compared with resuming
anticoagulant therapy. Two RCTs (RESTART40 and
RESTART-Fr41) addressing this question are now being
undertaken. We also note that VKA was used in most
studies (10/12) included in this review, but clinical practice is rapidly changing away from these agents as NOACs
become more widely available and familiar. Although
evidence indicates that NOACs are safer than VKA in
patients with AF,42 43 unfavourable results are reported
in patients with PHV.44 45 Patients with NOAC-associated
ICH may have better functional outcomes than those
with VKA-associated ICH.46 47 Furthermore, prescribing
NOAC after major bleeding was associated with lower
risk of major bleeding recurrence than resuming or not
resuming warfarin in patients with AF,48 which shows
potential prospect for prescribing NOAC after anticoagulation-associated ICH.
The key limitation to this review is that in observational
studies the resumption of anticoagulant therapy is probably associated with factors related to future risk such as
age, clinical severity or size of the haematoma, and the
effects of these on the outcomes of interest cannot be
confidently controlled. Data on these factors were not
always readily extractable from the included studies, and
confounding effects on clinical outcomes after resuming
anticoagulant therapy could not be avoided in study-level
meta-analysis. In addition, current evidence is based on
studies recruiting participants with mixed indication
of oral anticoagulants. The publication bias assessment
for long-term mortality may be underpowered because
of the small number of studies (<10) being included
for meta-analysis. The analysis of factors associated with
resuming anticoagulant therapy should be interpreted
with caution because of multiple binary comparisons
with variable heterogeneity. Further studies with rigorous
stratification of confounding factors are needed. As these
data are based on non-randomised, non-blinded, observational studies of variable quality, we do not have truly
reliable evidence on which to base recommendations for
management.
In summary, the current evidence from observational
studies suggests that resuming anticoagulant therapy after
anticoagulation-associated ICH is associated with beneficial effects related to the prevention of thromboembolic
events without clear influence on ICH recurrence and
survival. Given increased burden of anticoagulation-associated ICH related to anticoagulation for AF and other
cardiac conditions in ageing populations, there is an
urgent need for RCT-based evidence to guide clinical
practice.
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of Murthy et al,30 was excluded from our review because
recruited participants were those with specific indications
for anticoagulant therapy rather than just receiving the
therapy. The results in our review are similar to three
others with study-level meta-analysis.30–32 A difference of
the effect on mortality between our study (non-significant
decrease) and that of Chai-Adisaksopha et al’s (significant
decrease)32 might be due to different designs or analysis
methods (eg, switching to antiplatelet agents is considered as the comparator in our study but not in Chai-Adisaksopha et al’s) (online supplementary table S9).
No RCT was found in our search and only one
(APACHE-AF)34 is currently in progress, although others
are planned (C Anderson, personal communication).
Since the evidence is based on observational studies,
participant-specific factors (such as anticoagulation indication, ICH characteristics, comorbidities, etc) will lead
to selection bias in the decision to resume anticoagulant
therapy and confounding effects on clinical outcomes
cannot be avoided. We found that anticoagulant therapy
was more likely to be represcribed in participants with
PHV and SAH. The decision to resume anticoagulant
therapy did not appear to be influenced by ICH location
(lobar or deep), although one prior study concluded
that patients with deep ICH would be more qualified
for resumption of anticoagulation and those with lobar
ICH had a higher risk of recurrent ICH after resumption of anticoagulation.35 Interestingly, dyslipidaemia was
the only comorbidity that was associated with resuming
anticoagulation.
The optimal timing to resume anticoagulant therapy after
anticoagulation-associated ICH is still uncertain. The results
from our meta-regression analyses of duration of anticoagulant interruption on RR of long-term mortality or recurrent ICH should be treated with caution, since the exact
duration of anticoagulant interruption after ICH was not
reported in some studies and an approximate time was used
instead. In addition, we could not adjust for confounding by
indication. Majeed et al19 reported that the optimal timing
for resuming anticoagulant therapy was between 10 and
30 weeks after anticoagulation-associated ICH in a study
of 177 ICH survivors with different anticoagulation indications. A recent observational study from Sweden reported
that the optimal timing was 7–8 weeks after ICH in 2619
ICH survivors with AF,36 and current guidelines from the
American Heart Association/American Stroke Association
suggest 4 weeks is a reasonable delay before resuming anticoagulant therapy (excluding those with PHV).37 Evidence
for patients with PHV is limited but one survey of 504
physicians showed a preference for resumption between
4 and 14 days after ICH,38 while another review based on
case reports or case series reported a non-significant trend
towards lower ICH recurrence and delayed resumption of
anticoagulation after ICH.39 Further research stratified by
anticoagulation indication and other confounding factors
should advance knowledge.
Switching to antiplatelet agents is a popular alternative
strategy for patients with anticoagulation-associated ICH.
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