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Introduction: Oral anticoagulation (OAC) is permanently discontinued in up to 50% of patients following a
gastrointestinal (GI) bleed. A previous meta-analysis showed a reduced risk of thromboembolism and death, and
a non-statistically significant increased risk of re-bleeding associated with resumption. We conducted an updated

Hgmm]r)hageb i meta-analysis to determine the risks of recurrent GI bleeding, thromboembolism, and death in patients who
Throm oe.m olism resumed OAC compared to those who did not.
Thrombosis

Materials and methods: We searched EMBASE, MEDLINE, and the Cochrane Central Register of Controlled Trials
for new references from January 2014 to September 2017. Randomized controlled trials and observational
studies involving adults with OAC-related GI bleeding were included. Risk of bias was assessed using the
Cochrane Collaboration's ROBINS-I tool. Pooled relative risk (RR) ratios were calculated using a random-effects
model.

Results: We identified 12 observational studies involving 3098 patients. There was an increased risk of recurrent
GI bleeding (RR 1.91, 95% CI 1.47-2.48, 12 = 0%, 11 studies), and a reduced risk of thromboembolism (RR 0.30,
95% CI 0.13-0.68, 12 = 59.8%, 9 studies) and death (RR 0.51, 95% CI 0.38-0.70, I = 71.8%, 8 studies) in
patients who resumed OAC compared to those who did not. Eleven studies were judged to be at serious risk of
bias due to confounding.

Conclusions: Resuming OAC after OAC-related GI bleeding appears to be associated with an increase in recurrent
GI bleeding, but a reduction in thromboembolism and death. Further prospective data are needed to identify
patients for whom the net clinical benefit favours OAC resumption and the optimal timing of resumption.

1. Introduction

Bleeding is the main complication of oral anticoagulation (OAC).
The most common site of OAC-related bleeding is gastrointestinal (GI)
representing approximately 40% of major OAC-related bleeds [1,2].
The annual risk of GI bleeding reported in contemporary trials in atrial
fibrillation (the most frequent indication for OAC) ranges from 0.9% to
1.2% for warfarin and 0.8% to 2.0% for direct oral anticoagulants
(DOAQ), respectively [3]. The rate of fatal GI bleeds with warfarin is
0.01 per 100 patient-years compared to 0.04 per 100 patient-years with
rivaroxaban [4]. Although rates of fatal GI bleeding are low, major
gastrointestinal bleeds significantly reduce quality of life for up to nine

months after the event [5].

Decisions regarding whether and when to resume OAC require
clinicians to weigh the risks of recurrent GI bleeding and thromboem-
bolism. OAC is permanently discontinued in approximately 41% to 51%
of patients following a GI bleed emphasizing the clinical uncertainty in
this setting [6-9]. Without OAC, the risk of embolism or valve throm-
bosis with a mechanical valve is 12-22% per year [10]. In patients with
atrial fibrillation, the average annual risk of stroke without OAC is
4.5%, which increases to 12% in patients with a history of stroke [11].
Alternatively, resuming OAC within the first 7 days following a GI bleed
increases the risk of recurrent GIB compared with resuming OAC after
30days [9]. In one small retrospective study, 8.3% of patients who
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resumed warfarin during the same hospitalization developed recurrent
bleeding [12]. In a meta-analysis of 3 observational studies, resumption
of OAC (warfarin) following a GI bleed was associated with a significant
reduction in thromboembolic events (9.9% vs. 16.4%, HR 0.68, 95% CI
0.52-0.88) and death (24.6% vs. 39.2%, HR 0.76, 95% CI 0.66-0.88),
and a non-statistically significant difference in recurrent GI bleeding
(10.1% vs. 5.5%, HR 1.20, 95% CI 0.97-1.48) [7]. Since the publication
of this meta-analysis, additional studies have become available. We
aimed to update the results of our previous systematic review and meta-
analysis to determine the risk of recurrent GI bleeding, thromboem-
bolism, and mortality in patients who resume OAC compared to those
who do not after GI bleeding.

2. Methods

We updated our previous systematic review and presented the
combined results according to guidelines [13,14]. We developed a
study protocol before data collection, which was registered on PROS-
PERO and can be accessed at http://www.crd.york.ac.uk/PROSPERO/
display_record.php?ID = CRD42017078574.

2.1. Data sources and searches

We searched EMBASE, MEDLINE and the Cochrane Register of
Controlled Trials using the same strategy as the prior review
(Supplementary Fig. 1) [7]. The combined searches included citations
from inception to July 2014 (prior review) and January 2014 to Sep-
tember 2017 (updated review). We also searched conference proceed-
ings of The American Society of Hematology, Digestive Diseases Week,
International Society on Thrombosis and Haemostasis, European He-
matology Association, American College of Cardiology, American Heart
Association, and European Society of Cardiology (August 2014 to
January 2018). The reference lists of included articles were manually
screened.

2.2. Study selection

Studies were eligible for inclusion if they were (i) randomized
controlled trials or observational studies; (ii) included adults (18 years
of age or older) with major or clinically relevant non-major GI bleeding
while receiving OAC (vitamin K antagonists, dabigatran, rivaroxaban,
apixaban or edoxaban) for atrial fibrillation, venous thromboembolism
or mechanical heart valves, and (iii) reported recurrent GI bleeding,
thromboembolism, and/or mortality for patients who resumed and
those who did not resume OAC. Case reports, case series, systematic
reviews, editorials, and letters, and studies which did not report out-
comes separately for patients in whom OACs were and were not re-
sumed were excluded. Concomitant antiplatelet therapy was allowed.
There were no restrictions with respect to duration of follow-up, lan-
guage, or publication status. Recurrent GI bleeding and thromboem-
bolism were defined as per the individual studies. The most common
definition of recurrent GI bleeding was GI bleeding causing a fall in
hemoglobin of =20 g/L or requiring transfusion of = 2 units of packed
red blood cells. The most common definition of thromboembolism was
pulmonary embolism, deep vein thrombosis, stroke, transient ischemic
attack, or systemic embolism.

Two independent reviewers (DL, DS) screened titles and abstracts
and reviewed full-text articles, including those from the previous re-
view. Disagreements were resolved by consensus and the kappa statistic
was calculated to determine agreement for screening and full-text re-
view. Reviewers were not blinded to the study title or authors. For
studies with incomplete or unclear data, a minimum of 3 attempts were
made to obtain additional data from the corresponding author.
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2.3. Data extraction and risk of bias assessments

Data extraction and risk of bias assessments were conducted in
duplicate (DS, DL) using a custom electronic data collection form
(Microsoft Access®, Microsoft Corporation). Disagreements were re-
solved by consensus. The following data were extracted: study design,
year of publication, study inclusion and exclusion criteria, definitions of
outcomes, definitions of resumed and not resumed, types of OAC, in-
dications for OAC, duration of follow-up, timing of OAC resumption,
concomitant antiplatelet therapy use, types of GI bleeds, patient char-
acteristics (age, gender, number of patients), thromboembolic events,
recurrent GI bleeding, and all-cause mortality.

Risk of bias was assessed by two authors (DL, DS) independently
using the Cochrane Risk of Bias for Non-Randomized Studies (ROBINS-
D) tool [15]. Study outcomes were thromboembolic events (arterial or
venous) and recurrent GI bleeding, as defined in individual studies, and
all-cause mortality.

2.4. Statistical analysis

Baseline characteristics were summarized using descriptive statis-
tics. Categorical data were reported as counts and proportions.
Continuous data were reported as means with standard deviations (SD)
or medians with min-max values. Pooled incidence rates (events per
100 person-years of follow-up) were calculated for individual studies
using methods previously described [16]. Pooled relative risk ratios
were calculated with 95% confidence intervals (CI) for recurrent GI
bleeding, thromboembolic events, and mortality using a random-effects
model (STATA, StataCorp). A post-hoc sensitivity analysis was con-
ducted by pooling reported risk ratios which were adjusted for known
covariates (Supplementary Tables 1 and 3) and calculated relative risk
ratios using the generic inverse variance method (RevMan 5.3,The
Nordic Cochrane Centre, Copenhagen) [17]. Heterogeneity was as-
sessed using the I? statistic. An I? value of 0-40% indicates minor
heterogeneity, 30-60% moderate heterogeneity, and 50-90% sig-
nificant heterogeneity [18]. Funnel plots were generated to assess for
publication bias for outcomes reported in 10 or more studies [18]. We
used the GRADE (Grading of Recommendations Assessment, Develop-
ment and Evaluation) method to assess the certainty of evidence for
each outcome [19] and generated a summary of findings table using
GRADEpro GDT (McMaster University and Evidence Prime) [20].

The following subgroup analyses were planned a priori to explore
sources of heterogeneity: type of oral anticoagulant (vitamin K an-
tagonist or direct oral anticoagulant), timing of OAC resumption
(early/ < 30 days after bleed vs. delayed/ > 30 days after bleed), in-
dication for OAC (atrial fibrillation, venous thromboembolism, me-
chanical heart valve), and type of GI bleed (upper vs. lower source).

3. Results
3.1. Study selection

In addition to the 2055 articles identified in the previous review, we
found an additional 2551 articles after removal of duplicates (Fig. 1).
Two additional abstracts were included from screening conference ab-
stracts [21,22]. After screening by title and abstract, 24 studies were
selected for full text review including the 6 studies screened by full text
review in the prior systematic review. Agreement between reviewers
after screening by title and abstract was good (kappa 0.71). A total of
13 studies met inclusion criteria. Of the studies meeting inclusion cri-
teria, one study did not report the outcome events and the author was
unable to provide additional data therefore it was excluded [23].
Twelve studies were included in the final review. Agreement between
reviewers for inclusion after full text review was excellent (kappa 1.0).
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Fig. 1. Flow diagram.
OAC oral anticoagulant.

3.2. Study characteristics

All 12 studies were observational studies (prospective n = 3, ret-
rospective n =9) published in English between 2001 and 2017
[8,9,21,22,24-31]. Characteristics of the included studies are shown in
Table 1. There was a total of 3098 included patients with median
duration of follow-up reported in 10 studies ranging from 90 days to
868 days. There were 1542 patients who resumed OAC (1875.8 patient-
years of follow-up) and 1556 patients who did not (578.2 patient-years
of follow-up). The number of patients analyzed ranged from 20 to 1329
patients. The average age was reported in 8 studies and ranged from 67
to 80 and 57.2% of patients were male. Among 10 studies reporting the
type of OAC prior to GI bleeding, patients received vitamin K antago-
nists (VKA, n = 2962) and direct oral anticoagulants (DOAC, n = 72).
Ten studies reported the indications for OAC including atrial fibrillation
(n = 1887), prosthetic heart valves (n = 126), venous thromboembo-
lism (n = 276), and other indications (n = 177). Of the 10 studies re-
porting the site of GI bleeding, 4 studies included patients with upper GI
bleeds, 1 study included patients with lower GI bleeds, and 5 studies
included patients with both upper and lower GI bleeds. In total, there
were 1072 patients with an upper GI bleed, 1581 patients with a lower
GI bleed, and 347 patients with an unknown source of GI bleeding.
Median duration of OAC interruption ranged from 1day to 50 days.
Recurrent GI bleeding was reported in 11 studies, thromboembolism in
10 studies, and mortality in 8 studies. The authors of 3 studies kindly
provided additional data for analysis [21,22,31].
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3.3. Risk of bias

The risk of bias assessment is shown in Supplementary Fig. 2 and
Supplementary Table 2. For the outcome of recurrent GI bleeding, 10
studies were judged at serious risk of bias and 1 at unclear risk of bias.
For the outcome of thromboembolism, all 9 studies were judged at
serious risk of bias. For the outcome of mortality, all 8 studies were
judged at serious risk of bias. The main source of potential bias was due
to confounding with all outcomes in 11 of the 12 studies judged at
serious risk of bias due to confounding.

3.4. Recurrent GI bleeding

Recurrent GI bleeding occurred in 182 of 1387 (13.1%) patients
who resumed OAC compared to 70 of 1192 (5.9%) patients who did
not. The incidence rate of recurrent GI bleeding in those who resumed
OAC was 27.0 per 100 patient-years (95% CI 16.0-39.0; I*> = 89.0%)
compared to 13.0 per 100 patient-years (95% CI 7.0-19.0; 2 = 61.2%)
in those who did not (p < 0.001). Resuming OAC was associated with
an increased risk of recurrent GI bleeding (RR 1.91, 95% CI 1.47-2.48,
12 = 0%, 11 studies) (Fig. 2). Sensitivity analysis including adjusted risk
ratios (reported in 5 studies) in the pooled risk estimate showed a si-
milar result (Supplementary Table 3). Overall, the evidence that re-
suming OAC increases recurrent GI bleeding was rated as very un-
certain (Table 2)

3.5. Thromboembolism

Thromboembolism occurred in 103 of 1351 (7.6%) patients who
resumed OAC compared to 178 of 1157 (15.4%) patients who did not.
The incidence rate of thromboembolism in those who resumed OAC
compared to those who did not was 4.2 per 100 patient-years (95% CI
0.7-7.7; 12 = 92.6%) compared to 18.1 per 100 patient-years (95% CI
11.0-25.2; I2 = 68.5%) respectively (p < 0.001). Resuming OAC was
associated with a reduced risk of thromboembolism (RR 0.30, 95% CI
0.13-0.68, 12 = 59.8%, 9 studies) (Fig. 3). The thromboembolism data
from Ananthasubramaniam [25] was excluded from analysis given
there were no events in either group. Sensitivity analysis including
adjusted risk ratios (reported in 4 studies) in the pooled risk estimate
showed a similar result (Supplementary Table 3). Overall, the evidence
that resuming OAC reduces thromboembolism was rated as very un-
certain (Table 2)

3.6. Mortality

In patients who resumed OAC, 299 of 1393 (21.5%) patients died
compared to 461 of 1461 (31.6%) patients in those who did not. The
incidence rate of death in those who resumed OAC compared to those
who did not was 20.0 per 100 patient-years (95% CI 10.0-30.0;
12 = 95.8%) compared to 50.0 per 100 patient-years (95% CI
20.0-70.0; I? = 72.3%) respectively (p < 0.001). Resuming OAC was
associated with a reduced risk of mortality (RR 0.51, 95% CI 0.38-0.70,
12 = 71.8%, 8 studies) (Fig. 4). Sensitivity analysis including adjusted
risk ratios (reported in 5 studies) in the pooled risk estimate showed a
similar result (Supplementary Table 3). Overall, the evidence that re-
suming OAC reduces mortality was rated as very uncertain (Table 2)

3.7. Publication bias

A funnel plot was constructed for the outcome of recurrent GI
bleeding and is shown in Fig. 5. The plot was symmetrical suggesting
there was no evidence of publication bias. Funnel plots were not con-
structed for the other outcomes because there were < 10 studies for
each outcome.
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Events, Events, %

Author RR (95% Cl) Treatment Control Weight

;
Sengupta — 2.76 (1.09,6.99)  22/121 5/76 7.97
Ananthasubramaniam ——IO— 2.10(0.18,24.01) 10/19 0/1 1.15
Chen ——;—0— 7.35(0.45, 120.22) 6/22 0/12 0.88
Calo ——:0— 1.94 (0.18,20.49) 2/36 1/35 1.24
Lee -—E—OH 14.48 (0.82, 256.64)4/22 0/36 0.83
Majeed —— 1.63(0.99,2.68)  39/121 17/86  27.64
Qureshi —— 2.18(1.42,3.34) 61/653 29/676 37.28
Nieto —— 1.27 (0.40, 4.03) 8/88 4/56 5.16
Witt —OI— 1.82(0.90,3.68)  26/260 10/182 13.82
Siau i 0.58 (0.04,8.36)  1/19 111 0.96
Marten —_— 0.81 (0.18, 3.60) 3/26 3/21 3.07
Overall (I-squared = 0.0%, p = 0.744) 1.91 (1.47, 2.48) 182/1387 70/1192 100.00
NOTE: Weights are from random effects analysi:

T T

A 1 3
Favours Resume Favours Not resume
Fig. 2. Recurrent gastrointestinal bleeding.
CI confidence interval, RR relative risk.
3.8. Subgroup analysis (RR 0.19, 95% CI 0.08-0.45, I? = 0%, 3 studies) and mortality (RR
0.70, 95% CI 0.53-0.91, I? = 0%, 2 studies), with an increased risk of
We were unable to explore differences in the risk of outcomes be- recurrent GI bleeding (RR 1.69, 95% CI 1.05-2.71, I? = 0%, 4 studies)

tween pre-defined subgroups due to insufficient data. When the pooled compared to not resuming OAC (Supplementary Figs. 3-5).
analysis was limited to studies involving patients with upper GI bleeds,
resuming OAC was associated with a reduced risk of thromboembolism

Table 2
GRADE summary of findings: Resuming OAC compared to not resuming OAC in patients following OAC-associated GI bleeding.*

Anticipated absolute effectst

(95% Cl) Relative effect Ne of Certainty of the
Outcomes 95% Cl participants evidence Comments
Risk with not Risk with (95% CI) (studies) (GRADE)t
resuming OAC  resuming OAC
Recurrent Gl 112 per 1,000 2579
) Very uncertain if resuming OAC
Bleeding 59 per 1,000 (8610 146) RR 191 (1 ) eCD increases risk of recurrent Gl bleeding
Follow-up: 1177.3 (147t0248)  observational VERYLOWS  [imitations of risk of bias and
patient-years studies) observational data
Thromboembolism 46 per 1,000 2508 Very uncgrtain if resuming OAC
Follow-up: 2075.0 154 per 1,000 (2010 105) RR 0.30 (9 observational eULD rgdgce.s rsk oflthromb.oembohsm
. (0.13t0 0.68) studies) VERY LOW §||ff  Limitations of risk of bias,
patient-years inconsistency, and observational data
Mortality 161 per 1,000 2854 :m Very uncertain if resuming OAC
Follow-up: 3477.8 316 per 1,000 (120 to 221) 0 g: t01(53170 (8 observational ® reduces mortality.
(0.38100.70) studies) VERY LOWSIT  Limitations of risk of bias,

patient-years
inconsistency, and observational data

*Patient or population: Adults with OAC-associated GI bleeding. Setting: Worldwide. Intervention: Resuming OAC. Comparison: Not
resuming OAC.

"The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the
relative effect of the intervention (and its 95% CI).

*High certainty: We are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: We are
moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different. Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially
different from the estimate of the effect. Very low certainty: We have very little confidence in the effect estimate: The true effect is
likely to be substantially different from the estimate of effect.

SSerious risk of bias in most studies due to baseline confounding.

HHeterogeneity evident by visual inspection and I? coefficient.
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Author

Sengupta

Chen

Lee
Majeed —_—

Qureshi -

Nieto

Witt —_—

Siau

Marten

Ananthasubramaniam

Overall (l-squared = 59.8%, p = 0.011) <>

1
NOTE: Weights are from random effects andlysis
H
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Events, Events, %

RR (95% Cl) Treatment Control ~ Weight

0.10 (0.01, 0.85) 1/121 6/76 9.42

0.11(0.01, 2.18) 0/22 2112 5.84
0.12(0.01, 2.09) 0/22 6/36 6.25
0.22(0.08, 0.58) 5/121 16/86 18.44

0.71 (0.56, 0.91) 90/653 131/676 24.28
2.55(0.29, 22.19) 4/88 1/56 9.05

0.07 (0.01, 0.54) 1/260 10/182  9.71

0.07 (0.00, 1.13) 0/19 4/11 6.24
0.81(0.12, 5.26) 2/26 2/21 10.77
(Excluded) 0/19 01 0.00

0.30 (0.13,0.68) 103/1351 178/1157 100.00

T T
A 1 3
Favours Resume

Fig. 3. Thromboembolism.
CI confidence interval, RR relative risk.

4. Discussion

In this updated systematic review and meta-analysis, resuming OAC
after an episode of GI bleeding appears to be associated with an in-
creased risk of recurrent GI bleeding (91%), and a reduced risk of
thromboembolism (70%) and mortality (49%). Our findings differ from
the prior meta-analysis of 3 observational studies which showed a re-
duced risk of thromboembolism and mortality, but a numerically higher
but nonsignificant increase in recurrent GI bleeding in patients who
resumed OAC [7]. With the inclusion of 9 additional studies we de-
monstrated this increase in recurrent GI bleeding to be significant.

The decision whether and when to resume OAC following an

Author

Ananthasubramaniam

Lee

Majeed
Patel
Qureshi
Nieto

Witt

Marten =

Overall (I-squared = 71.8%, p = 0.001)

NOTE: Weights are from random effects anal

Favours Not resume

episode of OAC-related GI bleeding must balance the risks of throm-
boembolism and recurrent GI bleeding. Data on the nature and relative
influence of factors clinicians consider when making this decision are
lacking. Although observational in nature, our data suggest that the net
clinical benefit favours resuming OAC with a reduced risk of throm-
boembolism and death, despite an increase in GI bleeding. Importantly,
the clinical impact of GI bleeding and thrombotic events are not
equivalent. The case-fatality rate of OAC-related bleeding is 8-13%
[16,32,33]. In comparison, the risk of death, institutionalization due to
stroke, or disability at 3 months was 41% for all strokes in a European
stroke registry [34]. In a large U.S. cohort study, the mortality rate
following ischemic stroke was as high as 57% [35].

Events, Events, %

RR (95% Cl) Treatment  Control Weight
0.03 (0.00,0.58)  0/19 17 1.13
0.54 (0.02, 12.61) 0/22 1/36 0.93
0.70 (0.53, 0.91) 51/121 52/86 20.37
0.49 (0.24,1.01)  9/204 36/403 10.65
0.70 (0.60,0.82)  187/653 276/676  22.77
0.37 (0.26, 0.51) 27/88 47156 18.82
0.28 (0.16, 0.50) 15/260 37/182 13.31
0.73 (0.39, 1.38) 10/26 11/21 12.01
0.51(0.38,0.70)  299/1393  461/1461 100.00
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Fig. 4. Mortality.
CI confidence interval, RR relative risk.
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Fig. 5. Funnel Plot for recurrent gastrointestinal bleeding.

Key to the decision to resume OAC is determining the optimal
timing for resumption which maximizes benefit and minimizes harm. In
our study, the timing of OAC resumption varied widely and outcomes
were not reported based on when OAC was resumed. As a result, there
were insufficient data to make firm conclusions, but some observations
are worth noting. Using a time-dependent analysis, Majeed et al. found
that the risk of recurrent GI bleeding was lowest when OAC was re-
sumed between 3 and 6 weeks post-bleed [29]. In Qureshi et al., out-
comes were analyzed separately for patients who interrupted OAC
for < 7, 7-15, 15-21, 21-30, and > 30 days [9]. Those who resumed
OAC within 7 days had an increased risk of recurrent GI bleeding (HR
3.27, 95% CI 1.82-5.91), while those who resumed OAC between 7 and
30 days had a similar risk (7-15days HR 1.03, 95% CI 0.45-2.35,
15-21 days HR 1.42, 95% CI 0.65-3.11, 21-30 days HR 1.50, 95% CI
0.55-4.04) compared to those who resumed OAC after 30 days. The
incidence of thromboembolism was lowest the earlier OAC was re-
sumed (< 7 days 11.6 per 100 person-years vs. > 30 days 20.4 per 100
patient-years). Witt et al. also found that the rate of recurrent GI
bleeding was significantly increased when OAC was resumed within the
first 1 to 7 days compared to later (12.4% vs. 6.2%, respectively) [8].
Rates of thromboembolism were similar regardless of the duration of
OAC interruption and there were no thromboembolic events in patients
who resumed OAC within 14 days.

The majority of patients included in our analysis were receiving
VKAs therefore caution should be applied when extrapolating these
results to patients using DOACs. One study included patients with GI
bleeding while on a DOAC (n = 47), but outcomes were not reported
separately for patients who resumed a DOAC versus a VKA [22]. In this
study there was a trend towards reduced rates of thromboembolism (RR
0.81, 95% CI 0.12-5.26) and mortality (RR 0.73, 95% CI 0.39-1.38) in
patients who resumed OAC, and a similar frequency of recurrent GI
bleeding in those who resumed OAC compared to those who did not
resume OAC (11.5% and 14.3%, respectively).

There are several limitations to the present study. First, there was
heterogeneity in the pooled estimates for thromboembolism and mor-
tality (I = 59.8% and 71.8%, respectively). Potential sources of het-
erogeneity in the pooled estimates of thromboembolism and mortality
include the variability in the time to resume OAC length of follow-up,
definition of thromboembolism, methods of outcome ascertainment,
and other differences in baseline characteristics (e.g. age, indication for
OAQG, severity of index bleed, use of antiplatelet therapies). To address
the differences in length of follow-up we calculated pooled incidence
rates adjusted for the duration of follow-up for each treatment group.
Outcomes were not separated for patients on concurrent antiplatelet
therapy following the index GI bleed. The definition of ‘resumed OAC’
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varied among the studies with no definition provided in 5 studies. There
were insufficient data to conduct planned subgroup analyses to explore
sources of heterogeneity (type of OAC, timing of OAC resumption, in-
dication for OAC, and type of GI bleed).

Second, we were unable to obtain outcome event data for meta-
analysis from a study that otherwise met inclusion criteria [23]. In this
study, resuming OAC after GI bleeding was associated with reduced all-
cause mortality (HR 0.39, 95% CI 0.34-0.46) and thromboembolism
(HR 0.41, 95% CI 0.31-0.54) compared to not resuming antithrombo-
tics (including antiplatelet therapy). Resuming OAC alone was asso-
ciated with an increased risk of major bleeding (HR 1.37, 95% CI
1.06-1.77) compared to non-resumption of antithrombotic treatment.
However, the risk of recurrent GI bleeding was not significantly in-
creased (HR 1.22, 95% CI 0.84-1.77). This study excluded events oc-
curring in the first 90 days, however sensitivity analysis with an ex-
clusion period of 30, 60, or 120days did not change the results
significantly.

Third, all studies were observational with potential risk of bias due
to baseline confounding. Possible confounders included age, indication
for OAC, source of bleeding, risk of thrombosis, risk of rebleeding, and
comorbidities. In the absence of randomization, differences in baseline
characteristics which are prognostic for outcomes may have influenced
whether OAC was resumed or not. For example, patients felt to be at
high-risk of thromboembolism or low-risk of bleeding may have been
more likely to resume OAC. In the Majeed 2017 study, more patients
with mechanical heart valves resumed OAC than those with atrial fi-
brillation or venous thromboembolism. In another study, older patients
and those without an identifiable source of GI bleeding were less likely
to resume OAC [8].

Despite these limitations, this study-level meta-analysis with quality
(risk of bias) assessments represents the best available evidence re-
garding important clinical outcomes in patients who resumed OAC
compared to those who did not after OAC-related GI bleeding. As ad-
vocated by GRADE methodologists, “clinicians and patients need a best
estimate of treatment effect to inform decisions” [36]. However, we
acknowledge that the methodological limitations of the included stu-
dies reduce our confidence in the estimates of effect as reflected in the
certainty of evidence assessments in the GRADE Summary of Findings
table (Table 2).

5. Conclusions

Resuming OAC after an OAC-related GI bleed appears to be asso-
ciated with an increased risk of recurrent GI bleeding, but with a re-
duced risk of thromboembolism and mortality, although these results
should be interpreted with caution due to very low certainty of the
evidence. Prospective studies are needed to confirm our findings and
clarify the optimal timing to resume OAC. In the absence of high-
quality data regarding the optimal timing of resumption and type of
OAC in this setting, decision-making should be individualized with
discussion about risk and benefit and incorporating patient values and
preferences. Research on the values and preferences involved in such
decisions is warranted.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2019.01.020.
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