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Abstract
Background: Gastrointestinal bleeding frequently complicates anticoagulant therapy 
causing treatment discontinuation. Data to guide the decision regarding whether and 
when to resume anticoagulation based on the risks of thromboembolism and recur-
rent bleeding are scarce.
Objectives: We aimed to retrospectively evaluate the incidence of these events after 
anticoagulant-related gastrointestinal bleeding and assess their relationship with tim-
ing of anticoagulation resumption.
Methods: Patients hospitalized because of gastrointestinal bleeding during oral anti-
coagulation for any indication were eligible. All patients were followed up to 2 years 
after the index bleeding for recurrent major or clinically relevant non-major bleeding, 
venous or arterial thromboembolism, and mortality.
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1  |  BACKGROUND

Millions of patients worldwide receive long-term oral anticoagulant 
treatment for atrial fibrillation, prosthetic heart valve, or venous 
thromboembolism (VTE) to reduce the risk of ischemic and throm-
botic events.1–3 The use of oral anticoagulants can be complicated 
by the occurrence of major bleeding, with rates of about 2.1 per 100 
patient-years in patients with atrial fibrillation receiving vitamin K 
antagonists (VKAs), and with approximately 30% lower risk in those 
treated with direct oral anticoagulants (DOACs).4–7 Gastrointestinal 
bleeding accounts for approximately 30% to 40% of all anticoagulant-
related major bleedings, causing permanent discontinuation of oral 
anticoagulation in up to 50% of patients.4,7–9

The decision regarding whether and when to resume anticoag-
ulant therapy after gastrointestinal bleeding remains challenging 
and must balance the competing risks of thromboembolic events 
and recurrent bleeding. Several factors may influence the physi-
cian’s decision on anticoagulation resumption and include, among 
others, patient characteristics, indication for oral anticoagulation, 
bleeding severity, risk factors for bleeding and thromboembolism, 
and the possibility to provide effective endoscopy and support-
ive treatment.10 In addition, the clinical impact of thromboembolic 
events and recurrent bleeding in terms of case-fatality rate and ef-
fects on patient quality of life need to be carefully considered.11 Two 
recent meta-analyses showed that resumption of anticoagulation 
after gastrointestinal bleeding was associated with a lower risk of 
thromboembolism and death, but increased risk of recurrent bleed-
ing compared to permanent discontinuation of treatment.12,13 These 
conclusions were based on a small number of heterogeneous, retro-
spective cohort studies of patients mostly treated with VKAs, with 
limited information on DOACs.

Current clinical practice guidelines and expert opinion suggest 
reintroducing oral anticoagulation in high-risk patients as soon as 

possible once hemostasis has been achieved.1,7,14 However, uncer-
tainty remains on the optimal timing of anticoagulant treatment re-
sumption and relative importance of risk factors for bleeding and 
thromboembolism in the context of restarting anticoagulation after 
gastrointestinal bleeding.

The aims of this study were to evaluate the risk of recurrent 
bleeding, thromboembolic events, and mortality in patients with 
gastrointestinal bleeding during oral anticoagulation, and to assess 
the relationship of these outcomes according to the timing of anti-
coagulation resumption.

2  |  METHODS

We conducted a multicenter, retrospective cohort study of pa-
tients 18 years or older who were hospitalized because of major or 
clinically relevant non-major gastrointestinal bleeding (index event) 
while using oral anticoagulation for atrial fibrillation, VTE, or pros-
thetic heart valves. The study was an official project of the Scientific 

Results: We included 948 patients hospitalized for gastrointestinal bleeding occurring 
during treatment with vitamin K antagonists (n = 531) or direct oral anticoagulants 
(n = 417). In time-dependent analysis, anticoagulant treatment was associated with a 
higher risk of recurrent clinically relevant bleeding (hazard ratio [HR] 1.55; 95% con-
fidence interval [CI] 1.08–2.22), but lower risk of thromboembolism (HR 0.34; 95% CI 
0.21–0.55), and death (HR 0.50; 95% CI 0.36–0.68). Previous bleeding, index major 
bleeding, and lower glomerular filtration rate were associated with a higher risk of re-
current bleeding. The incidence of recurrent bleeding increased after anticoagulation 
restart independently of timing of resumption.
Conclusions: Anticoagulant treatment after gastrointestinal bleeding is associated 
with a lower risk of thromboembolism and death, but higher risk of recurrent bleed-
ing. The latter seemed to be influenced by patient characteristics and less impacted 
by time of anticoagulation resumption.

K E Y W O R D S
anticoagulants, gastrointestinal bleeding, hemorrhage, mortality, thromboembolism

Essentials

•	 Whether and when to resume anticoagulation after gas-
trointestinal bleeding is unclear.

•	 Nine hundred forty-eight patients with gastrointestinal 
bleeding during anticoagulation were followed up for 
2 years.

•	 Anticoagulant therapy was associated with lower throm-
boembolism and higher recurrent bleeding.

•	 Risk of recurrent bleeding seemed not influenced by 
time of anticoagulation resumption.
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Subcommittee (SSC) Control of Anticoagulation of the International 
Society on Thrombosis and Haemostasis (ISTH). The study was con-
ducted in three European (Chieti, Varese, and Amsterdam) and two 
Canadian (Hamilton and Ottawa) centers. Local investigators exam-
ined the medical records of all patients hospitalized because of gas-
trointestinal bleeding between January 2013 and December 2018. 
This time period allowed for inclusion of patients receiving DOAC 
treatment and a follow-up duration of up to 2 years after the index 
gastrointestinal bleeding. Patients were excluded if information on 
anticoagulant therapy was missing. The current report adheres to 
the STROBE (Strengthening the Reporting of Observational Studies 
in Epidemiology) guidance for reporting of cohort studies.15 The 
study was approved by local institutional review boards and ethics 
committees.

The following information was extracted from medical records: 
patient characteristics, concomitant medications of interest (e.g., 
aspirin and non-steroidal anti-inflammatory drugs), bleeding charac-
teristics (site, severity, and source), bleeding management (e.g., en-
doscopy, supportive treatment with plasma, prothrombin complex 
concentrates, red cell and platelet blood transfusion, or administra-
tion of antidotes), duration of anticoagulant therapy discontinuation, 
use of therapeutic or prophylactic anticoagulation with low molec-
ular weight heparin (LMWH) after the index gastrointestinal bleed-
ing, clinical outcomes occurring during follow-up (thromboembolic 
events, recurrent bleeding, and death).

The index gastrointestinal bleeding was defined as upper gastroin-
testinal bleeding if endoscopy found a source of bleeding that involved 
the esophagus, stomach, or duodenum and/or the patient presented 
with melena or hematemesis. The index gastrointestinal bleeding was 
defined as lower gastrointestinal bleeding if the endoscopy detected 
a source of bleeding that was located in the colon or rectum and/or 
the patient presented with hematochezia or red blood in the stool.16,17 
The bleeding site was classified as unknown if the source of bleeding 
was not identified by the endoscopic evaluation, endoscopy was not 
performed, or the clinical presentation was not unequivocal.

All index gastrointestinal bleeding events were centrally adjudi-
cated by three authors and classified as major or clinically relevant non-
major according to the criteria of the ISTH.18,19 Major gastrointestinal 
bleeding was defined as fatal bleeding (bleeding that directly caused or 
contributed to death) or bleeding causing a fall in hemoglobin level of 
20 g L (1.24 mmol L) or more, or leading to transfusion of two or more 
units of whole blood or red cells. Clinically relevant non-major bleeding 
was defined as bleeding that did not meet the ISTH criteria for major 
bleeding but included at least one of the following: bleeding requiring 
medical intervention by a health-care professional, leading to hospital-
ization or increased level of care, or prompting a face to face (i.e., not 
just a telephone or electronic communication) evaluation.

2.1  |  Outcomes

The primary safety outcome of the current analysis was clinically rel-
evant recurrent bleeding, which was the composite of major bleeding 

and clinically relevant non-major bleeding defined according to ISTH 
criteria.18,19 Secondary safety outcomes included major bleeding, 
clinically relevant non-major bleeding, and all-cause mortality.

The primary efficacy outcome was a composite of ischemic 
stroke, systemic embolism, acute myocardial infarction, and 
VTE. Definitions of primary efficacy outcomes are provided 
in Table  S1 in supporting information. Secondary efficacy out-
comes included the individual components of the primary effi-
cacy outcome.

All thrombotic and bleeding events that occurred up to 2 years or 
the longest follow-up available were centrally adjudicated by three 
authors with any disagreement resolved through consensus. When 
needed, centers were asked to provide clarifications and additional 
details for all the outcomes of interest.

2.2  |  Statistical analysis

Standard descriptive statistics were used to summarize baseline 
data. Cumulative incidences of study outcomes in the overall co-
hort were calculated at day 30, day 90, day 180, and 1 and 2 years 
after the index gastrointestinal bleeding using a competing risk ap-
proach that considered death not related to the outcome of inter-
est as a competing risk event. Patients were censored at the time 
of death, at occurrence of one of the outcomes of interest, time 
of last clinical contact, or end of the 2-year follow-up, whichever 
came first.20–22

Cox regression analysis was performed considering anticoag-
ulant treatment as a time-varying variable. We assessed for each 
time interval after the index gastrointestinal bleeding whether the 
patient was on anticoagulant treatment with oral anticoagulants or 
therapeutic dose LMWH.20 Patients were considered off anticoagu-
lant treatment if they received prophylactic or intermediate doses of 
LMWH. Univariable Cox proportional hazards models were used to 
estimate hazard ratios (HRs) and 95% confidence intervals (95% CIs) 
for the associations between study outcomes and the following risk 
factors chosen based on previous studies: anticoagulant treatment 
status (on-treatment vs. off-treatment), age, sex, previous bleed-
ing, cancer disease (active cancer and history of cancer, with the 
latter defined as solid or hematological cancer within the previous 
5  years and not receiving active therapy), type of index gastroin-
testinal bleeding (major vs. clinically relevant non-major bleeding), 
endoscopy (upper endoscopy, colonoscopy, or both), supportive 
treatment (including one or more of the following: red cell or plate-
let blood transfusion, fresh frozen plasma, vitamin K, prothrombin 
complex concentrate, or a DOAC antidote), indication for anticoag-
ulation (atrial fibrillation, prosthetic heart valves, VTE), and glomer-
ular filtration rate (GFR, calculated with the Chronic Kidney Disease 
Epidemiology Collaboration [CKD-EPI] formula assuming that all 
patients were non-Black) at admission.20–22 All these variables were 
subsequently included in multivariable Cox proportional hazards 
models.20–22 Proportional hazards assumptions were checked evalu-
ating Schoenfeld residuals.
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To explore the association between time-to-resumption of anti-
coagulant therapy and the primary outcomes, we excluded patients 
who had never interrupted anticoagulation within 90 days since the 
index gastrointestinal bleeding. We performed a landmark analysis 
with landmarks points at day 7, day 14, and day 21, chosen a pri-
ori based on previous studies21–23 At each landmark point, patients 
were divided in two groups, on-treatment group and off-treatment 
group, based on whether they were on anticoagulants or off antico-
agulants at the landmark. All patients who had experienced an out-
come of interest or in whom follow-up was terminated before the 
landmark were excluded from the analysis at that landmark. Patients 
were censored at the time of death, last clinical contact, occurrence 
of the outcome, or at day 90, whichever came first. Univariate Cox 
proportional hazard models were used to estimate unadjusted HRs 
and 95% CIs. A sensitivity landmark analysis was performed for clin-
ically relevant bleeding and thromboembolism censoring patients in 
the “off treatment” group at the time of anticoagulation resumption, 
and those in the “on treatment” group at the time of anticoagulant 
treatment interruption.

A two-sided P-value <.05 was considered to indicate statistical 
significance. All analyses were performed using R software, version 
4.0.4 and RStudio version 1.1.423 – © 2009–2018 RStudio, Inc.

3  |  RESULTS

Of 990 eligible patients, 42 were excluded due to lack of data about 
anticoagulant therapy management (i.e., exact dates of anticoagula-
tion interruption or resumption). The main characteristics of the re-
maining 948 patients are summarized in Table 1. The mean age was 
79 (±11) years and 504 (53.3%) were males. The most common co-
morbidities included arterial hypertension (73.1%), diabetes (27.3%), 
and chronic heart failure (44.8%).

The index gastrointestinal bleeding was classified as major bleed-
ing in 710 patients (74.9%) and clinically relevant non-major bleeding 
in 238 (25.1%). The index bleeding event was classified as upper gas-
trointestinal bleeding in 482 patients (50.8%), lower gastrointestinal 
bleeding in 441 (46.6%), and unknown site gastrointestinal bleeding 
in 25 (2.6%).

3.1  |  Anticoagulant treatment prior to and after 
index gastrointestinal bleeding

Oral anticoagulant treatment prior to the index gastrointestinal 
bleeding consisted of VKAs in 530 (55.9%) patients, rivaroxaban in 
179 (18.9%), apixaban in 152 (16.0%), dabigatran in 83 (8.8%), and 
edoxaban in 4 (0.4%). Indications for anticoagulation included atrial 
fibrillation in 774 (81.6%), prosthetic heart valves in 117 (12.3%) of 
which 110 (11.6%) were mechanical valves and 7 (0.7%) biological 
valves, and VTE in 151 (15.9%). About a quarter of patients were re-
ceiving antiplatelet therapy upon admission (n = 230; 24.3%), which 

included aspirin (19%), clopidogrel (3.1%), ticagrelor (0.1%), or dual 
antiplatelet therapy (2.4%).

At hospital discharge, 81 (8.5%) patients discontinued anti-
platelet drugs while 64 (6.8%) patients newly started antiplatelet 
treatment.

Bridging therapy with LMWH was started in 268 (28.3%) pa-
tients of whom 195 (20.6%) received prophylactic-dose LMWH and 
73 (7.7%) therapeutic-dose LMWH. The proportion of patients re-
ceiving bridging therapy with LMWH was 35.2% in those who were 
treated with VKAs and 20.9% in patients on DOACs.

Overall, 244 (25.7%) patients permanently discontinued antico-
agulant treatment after the index bleeding event, with proportions 
varying from 22.0% in patients who were receiving VKAs before 
admission to 36.0% in patients who were on apixaban (Figure S1 in 
supporting information).

Anticoagulant treatment was resumed in 629 (66.4%) patients, 
of whom 9 (1.4%) were discharged on LMWH, 363 (57.7%) on VKAs, 
and 257 (40.9%) on a DOAC. The median time elapsed between 
index bleeding and treatment resumption was 6 days (range 1–447). 
Among these patients, 531 (84.4%) resumed the same anticoagulant 
agent they were receiving prior to the index gastrointestinal bleed-
ing, 19 (3.0%) patients receiving DOAC prior to the index bleeding 
were switched to VKAs, 24 (3.4%) patients on VKAs were switched 
to a DOAC, and 46 (7.3%) were switched from one DOAC to an-
other. The type of anticoagulant treatment resumed according to 
indication for oral anticoagulation is shown in Figure S2 in support-
ing information. The proportion of patients who resumed or never 
interrupted anticoagulant treatment was 74.8% in those with atrial 
fibrillation, 68.2% in those with VTE, and 89.7% in patients with 
prosthetic heart valve. In exploratory analysis, type of index bleed-
ing (major vs. clinically relevant non-major bleeding), site of bleeding, 
or main indication for anticoagulation were not associated with unin-
terrupted treatment (data not shown).

3.2  |  Management of the index 
gastrointestinal bleeding

Endoscopy was performed in 784 (82.7%) patients with an attempt 
to treat the bleeding lesion in 272 (28.7%). In 679 (86.6%) patients, 
the endoscopic examination identified the main lesion responsible 
for the index gastrointestinal bleeding, which was a gastroduodenal 
ulcer in 24.6%, gastric or colon polyps in 14.9%, angiodysplasia in 
9.1%, and gastrointestinal cancer in 7.1%.

Overall, 572 (60.3%) patients required at least one red blood cell 
transfusion and 285 (30.1%), 35 (3.7%), and 100 (10.5%) patients 
received vitamin K, fresh frozen plasma, or prothrombin complex 
concentrate, respectively. Four patients (0.4%) received DOAC an-
tidote, of which three received idarucizumab and one andexanet. 
The proportion of cases managed with supportive therapy or proton 
pump inhibitors differed between patients with index upper, lower, 
or unknown site gastrointestinal bleeding (Table 2).
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3.3  |  Recurrent bleeding

During a median follow-up of 207  days (range 3–718  days), 210 
(22.2%) patients experienced at least one recurrent clinically 

relevant bleeding, including 145 (15.3%) major bleeding and 65 
(6.9%) clinically relevant non-major bleeding (Table 3). In total, there 
were 14 (9.7%) fatal bleeding events. The most frequent site of re-
current clinically relevant bleeding was the upper gastrointestinal 

TA B L E  1  Main patient characteristics on admission

Overall
N = 948

Upper gastrointestinal 
bleeding
N = 482

Lower gastrointestinal 
bleeding
N = 441

Unknown 
gastrointestinal bleeding 
site
N = 25

Age, years, mean (SD) 78.89 (10.83) 78.61 (10.91) 79.26 (10.35) 77.88 (16.50)

Sex, male, n (%) 504 (53.2) 258 (53.5) 236 (53.5) 10 (40.0)

Index major bleeding, n (%) 710 (74.9) 397 (82.4) 290 (65.8) 23 (92.0)

Primary indication for anticoagulant treatment

Atrial fibrillation 774 (81.6) 386 (80.1) 370 (83.9) 18 (72.0)

Prosthetic heart valves 117 (12.3) 59 (12.2) 54 (12.2) 4 (16.0)

Venous 
thromboembolism

151 (15.9) 77 (16.0) 69 (15.6) 5 (20.0)

Oral anticoagulant prior to index bleeding, n (%)

Apixaban 152 (16.0) 75 (15.6) 73 (16.6) 4 (16.0)

Dabigatran 83 (8.8) 35 (7.3) 47 (10.7) 1 (4.0)

Edoxaban 4 (0.4) 1 (0.2) 3 (0.7) —

Rivaroxaban 179 (18.9) 92 (19.1) 79 (17.9) 8 (32.0)

VKA 530 (55.9) 279 (57.9) 239 (54.2) 12 (48.0)

Antiplatelet therapy, n (%)

Aspirin 177 (18.7) 95 (19.7) 74 (16.8) 8 (32.0)

Dual antiplatelet therapy 23 (2.4) 9 (1.9) 12 (2.7) 2 (8.0)

Clopidogrel 29 (3.1) 17 (3.5) 12 (2.7) —

Ticagrelor 1 (0.1) — 1 (0.2) —

NSAID, n (%) 183 (19.3) 118 (24.5) 56 (12.7) 9 (36.0)

Comorbidities

Hypertension, n (%) 693 (73.1) 352 (73.0) 325 (73.7) 16 (64.0)

Diabetes, n (%) 259 (27.3) 134 (27.8) 118 (26.8) 7 (28.0)

Chronic heart failure, 
n (%)

425 (44.8) 220 (45.6) 194 (44.0) 11 (44.0)

Chronic kidney disease, 
n (%)

764 (80.6) 394 (81.7) 352 (79.8) 18 (72.0)

Liver cirrhosis, n (%) 40 (4.2) 28 (5.8) 12 (2.7) —

Previous stroke, n (%) 124 (13.1) 61 (12.7) 58 (13.2) 5 (20.0)

Previous TIA, n (%) 87 (9.2) 40 (8.3) 42 (9.5) 5 (20.0)

Previous AMI, n (%) 223 (23.5) 98 (20.3) 123 (27.9) 2 (8.0)

Previous VTE, n (%) 126 (13.3) 63 (13.1) 60 (13.6) 3 (12.0)

Previous bleeding, n (%) 223 (23.5) 100 (20.7) 120 (27.2) 3 (12.0)

Cancer disease, n (%) 253 (26.7) 121 (25.1) 126 (28.6) 6 (24.0)

CHA2DS2VASc, mean 
(SD)a 

4.54 (1.68) 4.54 (1.64) 4.51 (1.71) 5.15 (1.98)

HASBLED, mean (SD)b  2.38 (1.15) 2.49 (1.18) 2.30 (1.12) 1.86 (0.85)

Abbreviations: AMI, acute myocardial infarction; NSAID, non-steroidal anti-inflammatory drug; SD, standard deviation; TIA, transient ischemic 
attack; VKA, vitamin K antagonist; VTE, venous thromboembolism.
aAvailable in 859 patients only.
bAvailable in 870 patients only.
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tract (n  =  89; 42.4%), followed by the lower gastrointestinal tract 
(n  =  77; 36.7%). In 58.1% of cases recurrent bleeding occurred in 
the same site of the index bleeding. Nine (4.3%) patients experi-
enced an intracranial bleeding. The cumulative incidence of clinically 
relevant bleeding increased from 5.27% (95% CI 3.96–6.84) in the 
first 30 days to 25.26% (95% CI 22.31–28.32) after 2 years (Table 4). 
The incidence of recurrent bleeding, thromboembolism, and death 
according to the use of VKAs or DOACs at discharge are shown in 
Table S3 in supporting information.

In univariable analysis, anticoagulant treatment was not associ-
ated with recurrent clinically relevant bleeding (crude HR 1.38; 95% 
CI 0.97–1.95), major bleeding (crude HR 1.34; 95% CI 0.88–2.03), 
or clinically relevant non-major bleeding (crude HR 1.38; 95% CI 

0.73–2.62). Significant predictors of recurrent clinically relevant 
bleeding were previous bleeding, index major bleeding, supportive 
treatment, and GFR (Table S2 in supporting information).

In multivariable analysis, the risk of recurrent clinically relevant 
bleeding was higher in patients on anticoagulant treatment (ad-
justed HR 1.55; 95% CI 1.08–2.22), patients with previous bleeding 
(HR 1.57; 95% CI 1.17–2.09), and in those who had an index major 
bleeding event (adjusted HR 1.91; 95% CI 1.21–3.01). The risk of 
recurrent major bleeding was lower in patients who underwent 
endoscopy and in those with higher GFR, whereas it was higher 
in patients with previous bleeding, cancer disease, index major 
bleeding, and prosthetic heart valve as indication for anticoagu-
lation (Table 5).

TA B L E  2  Management of index gastrointestinal bleeding

Overall
N = 948

Upper gastrointestinal 
bleeding
N = 482

Lower gastrointestinal 
bleeding
N = 441

Unknown gastrointestinal 
bleeding site
N = 25

Endoscopy, n (%) 784 (82.7) 435 (90.2) 332 (75.3) 17 (68.0)

Lesion treatment, n (%) 272 (28.7) 155 (32.2) 117 (26.5) —

Supportive treatment, 
n (%)

726 (76.6) 405 (84.0) 301 (68.3) 20 (80.0)

Blood transfusion 572 (60.3) 331 (68.7) 222 (50.3) 19 (76.0)

Vitamin K 285 (30.1) 159 (33.0) 119 (27.0) 7 (28.0)

Fresh frozen plasma 35 (3.7) 22 (4.6) 13 (2.9) —

Prothrombin 
complex 
concentrate

100 (10.5) 61 (12.7) 37 (8.4) 2 (8.0)

DOAC antidote 4 (0.4) 2 (0.4) 2 (0.5) —

Proton pump inhibitor, 
n (%)

710 (74.9) 458 (95.0) 236 (53.5) 16 (64.0)

Anticoagulation 
interruption, n (%)

873 (92.1) 454 (94.2) 397 (90.0) 22 (88.0)

Bridge therapy with LMWH (%)

Prophylactic dose 195 (20.6) 99 (20.5) 95 (21.5) 1 (4.0)

Therapeutic dose 73 (7.7) 39 (8.1) 34 (7.7) —

Oral anticoagulant at discharge, n (%)

Apixaban 150 (15.8) 67 (13.9) 79 (17.9) 4 (16.0)

Dabigatran 32 (3.4) 12 (2.5) 20 (4.5) —

Edoxaban 2 (0.2) — 2 (0.5) —

Rivaroxaban 103 (10.9) 58 (12.0) 41 (9.3) 4 (16.0)

VKA 405 (42.7) 200 (41.5) 195 (44.2) 10 (40.0)

LMWH 12 (1.3) 8 (1.7) 4 (0.9) —

None 244 (25.7) 137 (28.4) 100 (22.7) 7 (28.0)

Antiplatelet therapy at discharge, n (%)

Aspirin 168 (17.7) 86 (17.8) 76 (17.2) 6 (24.0)

Dual antiplatelet 
therapy

14 (1.5) 2 (0.4) 12 (2.7) —

Clopidogrel 30 (3.2) 14 (2.9) 15 (3.4) 1 (4.0)

Ticlopidine 1 (0.1) 1 (0.2) — —

Abbreviations: DOAC, direct oral anticoagulant; LMWH, low molecular weight heparin; VKA, vitamin K antagonist.
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3.4  |  Thromboembolism

A total of 77 (8.1%) patients developed one or more thrombotic 
events during an average period of 175 days (range 3–718 days). 
Thrombotic events included acute myocardial infarction in 3 
(3.9%) patients, ischemic stroke in 39 (50.1%), systemic embolism 
in 6 (7.8%), and VTE in 34 (44.2%). The cumulative incidence of 
thromboembolic events was 2.36% (95% CI 1.52–3.49) in the first 
30 days and 7.42% (95% CI 5.75–9.36) at the end of the study pe-
riod (Table 4).

In multivariable analysis, anticoagulant treatment was associated 
with a significantly lower risk of thromboembolism (adjusted HR 
0.34; 95% CI 0.21–0.55; Table 5).

3.5  |  Death

During the study period, 185 (19.5%) patients died after a median 
of 118 days (range 1–718). The cause of death was bleeding in 14 

patients (7.6%), stroke in 19 (10.3%), respiratory failure in 20 (10.8%), 
acute myocardial infarction in 2 (1.1%), cancer progression in 10 
(5.4%), other in 61 (33%), and unknown in 59 (31.9%) patients. The 
cumulative incidence of death increased from 5.27% (95% CI 3.96–
6.84) in the first 30 days to 22.96% (95% CI 20.05–26.00) at the end 
of the study (Table 4).

In multivariable analysis, anticoagulant treatment (adjusted 
HR 0.50; 95% CI 0.36–0.68), GFR (adjusted HR 0.98 per 1  ml/
min/1.73 m² increase; 95% CI 0.97–0.99), and previous bleeding (ad-
justed HR 0.63; 95% CI 0.43–0.91) were associated with a lower risk 
of death, whereas age (adjusted HR 1.03 per 1 year increase; 95% 
CI 1.02–1.05) and supportive treatment (adjusted HR 1.66; 95% CI 
1.01–2.72) were associated with a higher risk (Table 5).

3.6  |  Time to anticoagulation resumption

A total of 848 (89.5%) patients were included in the landmark analy-
sis. During the first 90 days after the gastrointestinal index bleeding, 

TA B L E  3  Outcomes according to index gastrointestinal bleeding site

Overall
N = 948

Upper gastrointestinal 
bleeding
N = 482

Lower gastrointestinal 
bleeding
N = 441

Unknown gastrointestinal 
bleeding site
N = 25

Recurrent bleeding 210 (22.2) 104 (21.6) 101 (22.9) 5 (20.0)

Major bleeding 145 (15.3) 79 (16.4) 63 (14.3) 3 (12.0)

Major GI bleeding 106 (11.2) 56 (11.6) 50 (11.3) —

CRNMB 65 (6.9) 25 (5.2) 38 (8.6) 2 (8.0)

Fatal bleeding 14 (1.5) 11 (2.3) 3 (0.7) —

Fatal GI bleeding 8 (0.8) 7 (1.5) 1 (0.2) —

Thromboembolism 77 (8.1) 42 (8.7) 35 (7.9) —

AMI 3 (0.3) 1 (0.2) 2 (0.5) —

Stroke 39 (4.1) 22 (4.6) 17 (3.9) —

VTE 34 (3.6) 17 (3.5) 17 (3.9) —

Systemic embolism 6 (0.6) 5 (1.0) 1 (0.2) —

Death 185 (19.5) 102 (21.2) 81 (18.4) 2 (8.0)

Note: All results are presented as numbers and percentages.
Abbreviations: AMI, acute myocardial infarction; CRNMB, clinically relevant non-major bleeding; GI, gastrointestinal; VTE, venous thromboembolism.

TA B L E  4  Cumulative incidence of recurrent bleeding, thromboembolism, and death since index gastrointestinal bleeding

Overall population 
(n = 948) 30 days 90 days 180 days 365 days 730 days

Clinically relevant 
bleeding

5.27 (3.96–6.84) 10.48 (8.6–12.57) 13.59 (11.45–15.92) 18.84 (16.32–21.5) 25.26 (22.31–28.32)

Major bleeding 3.87 (2.76–5.25) 7.76 (6.15–9.62) 9.95 (8.11–12.01) 13.16 (11.02–15.49) 17.5 (14.96–20.22)

CRNMB 1.4 (0.79–2.33) 2.73 (1.82–3.95) 3.67 (2.58–5.04) 5.77 (4.35–7.47) 7.98 (6.23–10.00)

Thromboembolism 2.36 (1.52–3.49) 3.58 (2.52–4.93) 4.62 (3.39–6.13) 5.86 (4.44–7.55) 7.42 (5.75–9.36)

Death 5.27 (3.96–6.84) 8.74 (7.02–10.68) 11.99 (9.97–14.21) 16.02 (13.67–18.55) 22.96 (20.05–26.00)

Note: Data are provided as numbers and percentages. Thromboembolism includes acute myocardial infarction, stroke, venous thromboembolism, and 
systemic embolism.
Values in brackets represent 95% confidence intervals.
Abbreviations: CRNMB, clinically relevant non-major bleeding.
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there were 82 (9.7%) clinically relevant bleeding events, 36 (4.2%) 
thromboembolic events, and 76 (9.0%) patients died.

At all landmark points, patients on anticoagulant treatment had 
a significantly lower risk of thromboembolic events and mortality. 
The risk of bleeding increased after anticoagulation resumption 
independently of whether restart occurred during the first week 
or later time points (Table  6). In the sensitivity analysis, in which 
patients in the off-treatment group were censored at the time 
of anticoagulation resumption and patients in the on-treatment 
group were censored at the time of the anticoagulation interrup-
tion, results were materially unchanged (Table  S4 in supporting 
information).

4  |  DISCUSSION

The results of the current study show a substantial risk of recurrent 
clinically relevant bleeding in patients who experience gastrointes-
tinal bleeding during anticoagulant treatment with DOACs or VKAs. 
Anticoagulant therapy after the index bleeding event is associated 
with lower risk of thromboembolism and death, but a higher risk of 
recurrent bleeding. The latter seemed to be influenced by specific 
patient characteristics and treatment of the index bleeding and less 
impacted by the time of resumption.

Several retrospective cohort studies consistently reported a 
lower risk of thromboembolism and death in patients restarting 

TA B L E  5  Multivariable cox models

Clinically 
relevant bleeding Major bleeding CRNMB Thromboembolism Death

Adjusted HR 
(95% CI)

Adjusted HR 
(95% CI) Adjusted HR (95% CI) Adjusted HR (95% CI) Adjusted HR (95% CI)

Treatment, on-treatment 1.55 (1.08–2.22) 1.47 (0.96–2.26) 1.63 (0.85–3.15) 0.34 (0.21–0.55) 0.50 (0.36–0.68)

Age 1.01 (0.99–1.02) 1.00 (0.98–1.02) 1.02 (0.99–1.05) 1.00 (0.98–1.02) 1.03 (1.02–1.05)

Sex, male sex 1.05 (0.79–1.39) 1.04 (0.74–1.46) 1.05 (0.63–1.73) 0.87 (0.54–1.38) 1.11 (0.82–1.49)

Previous bleeding 1.57 (1.17–2.09) 1.52 (1.07–2.15) 1.56 (0.92–2.64) 0.56 (0.30–1.04) 0.63 (0.43–0.91)

Cancer disease 1.32 (0.97–1.78) 1.53 (1.07–2.18) 0.84 (0.47–1.51) 1.12 (0.68–1.85) 1.25 (0.91–1.71)

Index major bleeding 1.91 (1.21–3.01) 2.21 (1.23–3.97) 1.37 (0.66–2.85) 0.75 (0.39–1.46) 1.00 (0.64–1.57)

Endoscopy 0.69 (0.48–1.00) 0.61 (0.39–0.94) 0.99 (0.50–1.96) 1.83 (0.82–4.08) 0.76 (0.52–1.11)

Supportive treatment 0.96 (0.62–1.49) 1.14 (0.65–2.02) 0.72 (0.36–1.47) 2.19 (0.99–4.85) 1.66 (1.01–2.72)

Prosthetic valve 1.24 (0.80–1.90) 1.80 (1.13–2.85) 0.29 (0.09–1.01) 0.85 (0.35–2.06) 1.19 (0.72–1.96)

Atrial fibrillation 1.00 (0.58–1.72) 1.35 (0.71–2.56) 0.37 (0.12–1.18) 1.27 (0.48–3.32) 1.06 (0.54–2.06)

VTE 1.03 (0.58–1.82) 1.15 (0.58–2.28) 0.57 (0.18–1.85) 1.26 (0.50–3.20) 0.67 (0.34–1.33)

GFR, ml/min/1.73 m² 0.98 (0.97–0.99) 0.98 (0.96–0.99) 1.00 (0.98–1.02) 1.00 (0.99–1.02) 0.98 (0.97–0.99)

Note: Supportive treatment includes one or more of the following: red blood cell transfusion, vitamin K, fresh frozen plasma, prothrombin complex 
concentrates or DOAC antidote.
Hazard Ratios for GFR and age refer to single unit increase.
Abbreviations: 95% CI, 95% confidence interval; CRNMB, clinically relevant non-major bleeding; GFR, glomerular filtration rate; HR, hazard ratio; 
VTE, venous thromboembolism.

On 
treatment

Off 
treatment

Crude hazard ratio (95% 
confidence intervals)

Landmark 7 days

Clinically relevant bleeding 42/384 30/443 1.52 (0.95–2.43)

Thromboembolism 4/387 27/445 0.16 (0.05–0.45)

Death 15/389 52/446 0.30 (0.17–0.54)

Landmark 14 days

Clinically relevant bleeding 45/490 16/298 1.63 (0.92–2.88)

Thromboembolism 5/493 17/298 0.16 (0.06–0.45)

Death 20/499 32/302 0.35 (0.20–0.62)

Landmark 21 days

Clinically relevant bleeding 43/518 10/248 1.99 (1.00–3.96)

Thromboembolism 4/524 12/246 0.15 (0.05–0.45)

Death 19/531 24/253 0.35 (0.19–0.65)

TA B L E  6  Landmark analysis
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VKAs or DOACs after a major gastrointestinal bleeding.12,13,21,22,24,25 
While the effects of anticoagulation resumption on recurrent bleed-
ing have been conflicting, two recent meta-analyses concluded that 
restarting anticoagulation may increase this risk.12,13 It is important 
to note that most of these earlier studies included patients treated 
with VKAs with few to no patients on DOACs. In a recent large ret-
rospective cohort of patients with gastrointestinal bleeding during 
treatment with DOACs, resuming DOACs was not associated with 
thromboembolism or recurrent bleeding.26 The apparent discrep-
ancy of these data with previous and current findings may be related 
to differences in study populations, assumptions made to evaluate 
DOAC exposure, and assessment of clinical outcomes. Our results 
extend those from studies focusing on VKAs to patients treated with 
DOACs suggesting a favorable net clinical benefit for anticoagula-
tion resumption. In the current study, anticoagulant treatment was 
considered as a time-varying variable, which allowed us to estimate 
more precisely the incidence of events during periods of effective 
exposure. In addition, the association between anticoagulant use 
and events was corrected for potential confounders, which included 
relevant patient characteristics as well as endoscopic treatment pro-
vided for the index bleeding event.11

Previous bleeding (prior to the index event) was associated with 
higher risk of recurrent bleeding independently of anticoagulation 
resumption, consistent with the results of a recent study of patients 
with atrial fibrillation treated with DOACs or VKAs.27 The risk of 
recurrent bleeding was higher in patients with index major bleeding 
and lower in those who underwent endoscopy. Supportive treatment 
with either red blood cell transfusion, vitamin K, fresh frozen plasma, 
prothrombin complex concentrates, or DOAC antidote appeared to 
increase the risk of death. The latter association should be inter-
preted cautiously as it may be potentially confounded by the worse 
prognosis of patients receiving supportive treatment.28 According 
to a recent survey, the most important factor influencing provider 
decision making regarding resumption of oral anticoagulants was the 
risk of recurrent bleeding followed by thrombosis risk.10 Thus, if con-
firmed in future studies, our findings may help physicians identify 
patient subgroups with heightened risk of recurrent bleeding, who 
could benefit from closer clinical monitoring.

The optimal timing of anticoagulant treatment resumption is un-
clear. In a recent retrospective cohort, Majeed and colleagues found 
that restarting anticoagulation between 3 and 6 weeks was associ-
ated with the lowest risk of a composite outcome of recurrent bleed-
ing and thromboembolism.21 Qureshi and colleagues suggested that 
resumption of anticoagulation after the first week reduced thrombo-
embolism without increasing recurrent bleeding.22 In our study the 
risk of recurrent bleeding was particularly high in patients resuming 
anticoagulant treatment during the first week (11%) and tended to 
decrease only slightly in those restarting after the second or third 
week (8–9%). In agreement with previous observations, thrombo-
sis rates were similar regardless of the duration of anticoagulant 
therapy interruption.24 Taken together, these findings suggest that 
patient-related factors like previous bleeding and the management 
of index bleeding may be more relevant to guide decisions about 

anticoagulation resumption than timing since index event. Future 
prospective studies are warranted to evaluate the safety and effi-
cacy of restarting anticoagulation at lower intensity or later time 
points in patients with bleeding risk factors in whom the risk of re-
current bleeding may outweigh the risk of thromboembolism.29

The strengths of the current study are the large size, long-term 
follow-up, and the central adjudication of all thrombotic and bleed-
ing events. The study was performed at five large tertiary care 
medical centers in three countries, which may increase the general-
izability of the findings.

There are some limitations that need to be discussed. The de-
cision to discontinue, restart, and timing of resumption of antico-
agulant treatment was not dictated by the study and was made by 
the physicians directly responsible for patient care. Several factors 
might have influenced this decision, potentially affecting the as-
sociation between anticoagulation resumption and clinical events. 
For example, patients perceived at high risk for further bleeding 
probably were less likely to resume therapy, which may have under-
estimated the association between recurrent bleeding and antico-
agulation restart. Similarly, patients in whom anticoagulation was 
discontinued may have been sicker and at higher risk for adverse 
events, which could confound the association between anticoagula-
tion resumption and lower mortality. The risk of immortal bias was 
partly mitigated by the use of time-dependent analysis.

In exploratory univariable analysis there was no association be-
tween the use of antiplatelet agents at admission and at discharge 
with the outcomes (data not shown). We were unable to accurately 
track antiplatelet use, adherence, and persistence to anticoagulant 
treatment after the index gastrointestinal bleeding, which may have 
potentially affected the strength of the associations. Although the 
current study includes one of the largest cohorts of patients with 
gastrointestinal bleeding during anticoagulant treatment, the num-
ber of patients and outcomes was still relatively low to perform 
explorative analysis on relevant subgroups of patients like those re-
ceiving different DOACs or patients with prosthetic heart valves. 
Finally, due to the retrospective design, we were not able to collect 
information on all potentially relevant bleeding and thrombotic risk 
factors, and residual confounding cannot be excluded.

In summary, patients with gastrointestinal bleeding during an-
ticoagulant treatment have a substantial risk of recurrent bleeding. 
The risk is particularly high in patients with previous bleeding, lower 
GFR, and in those with index major bleeding. The resumption of anti-
coagulant therapy is associated with lower risk of thromboembolism 
but higher risk of bleeding regardless of resumption time.
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