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Abstract

Background and Aims
Patients who develop lower gastrointestinal bleeding (LGIB) while receiving anti-coagulants or anti-platelets have increased severity of bleeding and risk of re-bleeding. We compared outcomes of patients receiving anti-platelets, anticoagulants, or direct oral anti-coagulants (DOACs) who develop LGIB, as well as the effects of withholding these drugs on their course of bleeding.

Methods
We performed a retrospective study of 2528 consecutive adult patients with LGIB at 143 hospitals in the United Kingdom, from September through December 2015; 917 were taking anti-coagulant or anti-platelet drugs and 1218 were taking neither. We collected data on demographic features of patients, interventions or medications, outcomes, laboratory test results, and patient readmission until patient death, discharge, or 28 days after admission (whichever came first). Re-bleeding was defined as additional transfusion requirements and/or a decrease in hematocrit ≥20% after 24 hrs of clinical stability. Multivariate regression was used to examine the relationship between drug class on presentation with LGIB and re-bleeding, mortality, and cardiovascular events. Rates of re-bleeding and cardiovascular complications in patients who had these drugs withheld were also analyzed.



Results
Patients receiving anti-platelets, but not those receiving warfarin (n=232) or DOACs (n=102), had a higher risk of in-hospital re-bleeding (monotherapy hazard ratio [HR], 3.57; 95% CI, 1.13–11.28; n=504 and dual anti-platelet therapy hazard ratio, 5.3; 95% CI 1.56–18.54; n=79) compared with the unexposed group. This risk was not lower in patients who received anti-platelets and had the drug withheld for fewer than 5 days, compared to those who continued the drug throughout admission (HR, 0.98; 95% CI 0.45–2.17) No differences were observed in risk-adjusted mortality or re-admission with further bleeding for patients receiving anti-platelets, DOACs, or warfarin. Cardiovascular events were too few to allow meaningful comparison.

Conclusion
In patients with LGIB, antiplatelet drugs, but not warfarin or DOACs, are associated with an increased risk of re-bleeding. Withholding anti-platelets during admission does not lead to reduction in re-bleeding.
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Introduction

Acute lower gastrointestinal bleeding (LGIB) is a common medical emergency with an estimated incidence of 33/100,000 and greater resource utilization than upper GIB.1 It is estimated that 29-37% of LGIB cases are taking anticoagulant or antiplatelet drugs on presentation with bleeding.2 3 Despite this, there is paucity of data to inform the clinical course and outcomes of patients who develop LGIB whilst receiving these drugs, as well as uncertainty as to whether they should be temporarily withheld or continued. 

Anticoagulant drugs such as warfarin can be pharmacologically reversed in the acute setting. Direct oral anticoagulants (DOACs) have short half-lives and antidotes are becoming available.4 Platelet dysfunction associated with antiplatelet drugs is less easily managed. There is no drug that directly reverses their effects and as they bind irreversibly to platelets, their duration of effect may last for the lifespan of the platelet (4-10 days).5 

The increased risk of bleeding seen with anticoagulant and antiplatelet drugs must be balanced against the risk of cardiovascular complications if the drug is stopped. Accordingly, the American College of Gastroenterology LGIB guideline recommends continuing aspirin for secondary prevention,6 although evidence for this is inferred from studies of upper GI bleeding (UGIB). 7

We aimed to compare the outcomes of patients admitted with acute LGIB who were taking warfarin, antiplatelets and DOACs, focussing on re-bleeding, mortality, adverse cardiovascular outcomes and re-admission with further bleeding in comparison to a group of unexposed patients not taking these drugs. In addition we explored the impact of withholding these agents during admission on the outcomes of re-bleeding and adverse cardiovascular events. 
Methods
The United Kingdom (UK) National Audit of Lower Gastrointestinal Bleeding and the Use of Blood collected prospective data on 2528 consecutive adult admissions with LGIB who presented to 143 hospitals from September to December 2015.8 Adult cases of LGIB were identified daily from surgical and medical wards, using presenting features: bright or dark blood per rectum, maroon coloured stool or blood mixed in with stool, clots per rectum or passage of melaena without haematemesis.8 This definition also included bleeding originating in the small bowel. Patients with UGIB on esophagogastroduodenoscopy (EGD) or a history of melaena and an abnormal EGD or no confirmatory EGD were excluded as cases of likely UGIB.2 8

Data on demographics, interventions and outcomes were recorded from patient notes and electronic medical records. Hemoglobin results and shock parameters correspond the first set of observations or blood tests upon presentation with bleeding. Patients were followed up until death, discharge or 28th day of admission (whichever came first). Data on re-admission with further bleeding was captured up to 28 days post-discharge. Cause of death was determined from death certificates and medical notes.

Medication use was established from medical notes and drug charts. Patients taking concurrent oral non-steroidal anti-inflammatories (NSAIDs, n=146) or combinations of antiplatelet drugs with warfarin or a DOAC, or parenteral anticoagulation (n=237) were excluded from the study (Supplementary Figure 1). Patients receiving single or dual antiplatelet therapy (DAPT), warfarin or DOACs as a regular medication upon presentation with bleeding were identified and grouped into discrete cohorts. The remaining patient population (taking no antiplatelet or anticoagulant drugs or NSAIDs) formed the unexposed group.

Definitions
Re-bleeding was defined as additional transfusion requirements and/or a decrease in haematcrit ≥20% after 24 hours of clinical stability. We based these criteria on a definition by Strate et al, who defined severe LGIB as ‘continued bleeding within the first 24 hours (defined by the requirement of at least 2 units of packed red blood cells and/or a decrease in hematocrit of ≥20%) and/or recurrent bleeding after 24 hours of clinical stability (defined by additional blood transfusion requirements and/or a further decrease in hematocrit of ≥20% and/or readmission to the hospital for LIB within 1 week of discharge).9 We did not include continued bleeding as the outcome of interest was re-bleeding, and re-admission with further LGIB was examined in its own right. Re-admission with bleeding was defined as re-bleeding up to 28 days post-discharge and was identified if the patient presented to one of 143 participating hospitals.
Adverse cardiovascular outcome was defined as in-hospital acute coronary syndrome, ischemic stroke, other ischemic vascular event or cardiovascular death. Cardiovascular death was defined as fatal ischemic stroke, myocardial infarction (MI) or death from an ischemic event.

Statistical methods
Continuous data are presented as mean and standard deviation (SD) or median and interquartile range (IQR). Categorical data were compared using Fisher’s exact test.

Kaplan-Meier curves of time to in-hospital re-bleeding for each group were plotted (GraphPad Prism v7, San Diego, USA). Cox proportional hazards (PH) regression models were then used to compare the outcome of in-hospital re-bleeding. For each patient, time to event/censoring was derived as follows:
· For those patients who experienced re-bleeding: number of days after admission when the re-bleeding event occurred. 
· For those patients who are censored: number of days they were followed up for until death, discharge or the study end-point of 28 days post-discharge 
Rates of re-bleeding are reported as Kaplan-Meier estimates and 95% confidence intervals (CI). Univariate and multivariate Cox PH regression models were used to analyse the association between the following groups: single antiplatelet-users, DAPT users, warfarin or DOAC users, and an unexposed group, and time to re-bleeding. The hazard ratio (HR) and 95% confidence interval (CI) for re-bleeding are presented for the groups of patients compared to the unexposed group. The baseline covariates included in the multivariate Cox regression model were age, gender, Charlson co-morbidity index, heart rate (beats per minute), systolic blood pressure (SBP, mmHg), frank blood on rectal examination, hemoglobin (Hb), reversal versus no-reversal of the drug) and admission status (new presentation versus established inpatient). These covariates were selected and defined a priori based upon clinical plausibility.

The remaining outcomes (adverse cardiovascular outcome, in-hospital mortality and 28-day re-admission) were analysed using logistic regression models. Univariate and multivariate logistical regression models were fitted and the odds ratio (OR) and 95% CI are presented for the antiplatelet and anticoagulant groups compared to the unexposed group. The risk factors included in the multivariate logistic regression models were the same as those described above in the Cox PH regression models. Cases with missing data on the study outcomes were excluded from both the Cox PH and multivariate logistic regression models. Interaction p values are provided as a marker of the overall difference between the medication groups for each modelled outcome. 

Finally the Cox PH regression analyses for re-bleeding was repeated on a subgroup of single antiplatelet users who had complete data on whether the antiplatelet drug was stopped during admission. The purpose of this subgroup analysis was to assess for an association between continuing the antiplatelet during admission with LGIB and re-bleeding. HR and 95% CI are presented for the patients who had their antiplatelet withheld for <5 days and for those who had it withheld for ≥ 5 days, in comparison to a group of patients who had their antiplatelet continued after presentation with bleeding. A threshold of five days was chosen as this is the average time to normal platelet function after antiplatelet drug discontinuation.10



Results 
The study group comprised 2135 patients; 504 taking a single antiplatelet drug group, 79 taking DAPT, 232 taking warfarin, 102 taking a DOAC and a group of 1218 unexposed patients taking none of these drugs (Supplementary Figure 1). Full description of the types of drugs are detailed in the supplement. 

Characteristics of patients taking antiplatelet or oral anticoagulant drugs
Patients taking antiplatelet or oral anticoagulants were elderly; patients receiving DOACs represented the oldest group of patients (79.9 years ±10.8, Table 1). Patients in the DAPT group had the highest burden of cardiovascular co-morbidities such as MI and peripheral vascular disease (47/79, 59.5% and 11/79, 13.9% respectively). The highest rates of previous stroke were seen in patients taking DOACs (21/102, 20.6%). 

Presentation with hemodynamic shock was uncommon across all groups and there was no difference in patients taking antiplatelet drugs (single p=1.00, DAPT p=0.41), warfarin (p=0.81) or DOACs (p=0.09) in comparison to the unexposed group (Table 1). Only patients taking DOACs (p<0.0001), single antiplatelet drugs (p<0.001) or warfarin (p<0.0001) presented with significantly lower Hb concentrations in comparison to the unexposed group, with the lowest presenting mean Hb observed in the DOAC group. Significant anemia (Hb<80g/dL) was found in 22/102 (21.6%) of the DOAC group, 24/232 (10.3%) of the warfarin group, 50/504 (9.9%) of the single antiplatelet drug group, 8/79 (10.1%) of the DAPT group and 119/1218 (9.8%) of the unexposed group.

Management of warfarin, antiplatelets and DOACs
In the warfarin group, 210/232 (90.5%) patients had the drug stopped during admission and 99/232 (42.7%) also received vitamin K alone (81 patients), PCC alone (three patients) or both (15 patients). Eight patients taking warfarin received FFP. In the DOAC group 92/102 (90.2%) patients had their drug stopped during admission and 6/102 (5.9%) received treatment to reverse it; four patients receiving PCC and two FFP. No patient received a specific antidote to the DOAC. In the antiplatelet groups, 376/504 (74.6%) patients taking a single antiplatelet drug had their antiplatelet drug withheld and 58/79 (73.4%) patients taking DAPT had at least one antiplatelet drug withheld. Only eight patients receiving antiplatelet drugs received a platelet transfusion, six in the single antiplatelet drug group. Of the 376 patients who had their single antiplatelet withheld, 166/376 (44.2%, missing data in 112) restarted it before or upon discharge. In the DAPT group, this figure was 30/79 (38.0%, missing data in 18 patients).

Volume of RBC transfusion, interventions to control bleeding and diagnoses are reported in the supplementary data and Table 1.

Re-bleeding
Most re-bleeding occurred within the first 5 days (Figure 1). In comparison to the unexposed group, the highest rates of in-hospital re-bleeding were observed in the DAPT group (38.0%, 95% CI 22.3 to 52.7, p=0.0005) followed by the single antiplatelet group (28.2%, 95% CI 22.8 to 33.6, p=0.04).  Re-bleeding rates in the DOAC (20.0%, 95% CI 0.5 to 30.5, p=0.52) and warfarin group (23.1%, 95% CI 15.1 to 31.1, p=0.99) were similar to the unexposed group (19.4%, 95% CI 16 to 22.8).

On multivariate Cox PH the single and DAPT drug groups were strongly associated with an increased risk of re-bleeding (single antiplatelet therapy HR 3.57, 95% CI 1.13 to 11.28, DAPT HR 5.38, 95% CI 1.56 to 18.54). There was no increase in the risk-adjusted rates of in-hospital re-bleeding in the DOAC or warfarin groups. There was no association between any group and re-admission with further bleeding in the multivariate logistic regression analysis (Table 4). 

Mortality
Mortality due to severe hemorrhage was very uncommon across all groups. There was no significant association between antiplatelet or anticoagulant group and all-cause mortality in the multivariate analysis (Table 4). 

Adverse cardiovascular outcomes
Adverse cardiovascular outcomes were infrequent and as follows; in the unexposed group there were four: one fatal MI, two cases of ACS and an ischaemic limb, in the single antiplatelet drug group there were 11: one fatal MI, seven ACS and three strokes, in the DAPT group there were two: one fatal stroke and one ACS, and in the warfarin group there were two: one fatal MI and one fatal ischemic gut. There were no adverse cardiovascular outcomes in the DOAC group. There were too few events to perform meaningful multivariate analysis to explore the association between single and DAPT use and adverse cardiovascular outcomes in comparison to the unexposed. 
Withholding antiplatelets during admission
In the single antiplatelet drug group 385/504 (76.4%) cases had data on whether the antiplatelet drug was withheld during admission; in 140/385 (36.4%) the antiplatelet drug was withheld for <5 days, in 134/385 (34.8%) for ≥ 5 days, and in 111/385 (28.8%) cases it was not withheld (Table 5). No difference was observed in in-hospital re-bleeding rates between patients who had the antiplatelet drug stopped for <5 days compared to those who continued it throughout their admission on univariate (14/140, 10.5% cases of re-bleeding, versus 11/111, 10.2%, respectively, HR 0.98, 95% CI 0.45 to 2.17, Supplementary Table 1) or multivariate Cox regression analysis (HR 0.95, 95% CI 0.41 to 2.21). In the group that had their antiplatelet withheld for ≥ 5 days, 38/134 (29.0%) patients re-bled, which was significantly higher than the unexposed group on univariate analysis (HR 2.05, 95% CI 1.04 to 4.03) but non-significant on multivariate analysis (HR 1.52, 95% CI 0.72 to 3.21).

Mortality was uncommon across all groups; 4/111 (3.6%) in patients that continued their antiplatelet, 1/140 (0.7%) in patients where it was withheld for <5 days and 4/134 (3.0%) in patients where it was withheld for ≥ 5 days, although there was no difference on logistic regression analysis. There was no difference observed in the number of cardiovascular events in patients who had their antiplatelet stopped versus continued, but the number of events were very few overall:  1(0.9%) in the group that continued their antiplatelet, 3 (2.2%) in the group that stopped it for <5 days and 5 (3.7%) in the group that stopped it for ≥ 5 days (Table 5) on univariate or multivariate regression, although the small number of events limits conclusions from this model (Supplementary Table 2).




Discussion 

To our knowledge, this is the first study to use prospectively collected national data to describe the clinical course of patients admitted with LGIB in relation to the use of antiplatelet or anticoagulant medications, including DOACs. Our key finding was that compared to patients not taking these drugs, patients taking a single antiplatelet agent had a three-fold increase in risk of in-hospital re-bleeding and those taking DAPT had a five-fold increase in risk. This did not translate into increased use of interventions to treat bleeding, or increased in-hospital mortality, however. There was no increased risk of re-bleeding, therapeutic intervention or in-hospital mortality observed in patients taking warfarin or DOACs in comparison to the unexposed group. When re-bleeding did occur, most events occurred within 5 days of the index event and plateaued after 7 days.

Previous single-centre studies have demonstrated that aspirin is associated with bleeding severity9 and long-term recurrence of bleeding.11 12 Although we did not compare rates of re-bleeding in patients receiving antiplatelet drugs directly with those receiving anticoagulant drugs, in comparison to the unexposed group, patients receiving antiplatelets demonstrated higher rates of re-bleeding than those receiving oral anticoagulants. A reason for this might be that a smaller proportion of patients receiving antiplatelets had their drug withheld. This likely reflects clinical uncertainty about the safety of withholding this drug.


Clinical guidelines state that ‘in patients with established high-risk cardiovascular disease and a history of LGIB, aspirin used for secondary prevention should not be discontinued.’6 A previous study compared patients who stopped their aspirin on discharge versus those that continued it, finding that the latter experienced a three-fold increase in re-bleeding, but a reduction in adverse cardiovascular events, and a three-fold reduction in all-cause mortality.12 Arguably a more pressing clinical dilemma is what to do during a patient’s acute admission with LGIB. The present study is the first study to explore this question, and supports the guideline recommendation: there was no difference in re-bleeding if the antiplatelet withheld for <5 days, versus continuing it, although the volume of missing data in this analysis means that conclusions must be cautious. These findings are clinically plausible considering that aspirin and clopidogrel irreversibly bind to platelets, so their effects are seen for 5-7 days after ingestion.13 The unadjusted rate of re-bleeding in patients who had the drug withheld for longer than 5 days was higher than that of the group that continued the drug, however. This finding likely reflects underlying confounding of observational data as patients with a greater risk of re-bleeding are more likely to have their antiplatelet drug withheld by clinicians. Similarly, patients judged to have low-risk bleeding are more likely to have the drug continued. 

The lack of effective options to reverse the effects of antiplatelets may also contribute to the higher rates of re-bleeding seen in patients taking these drugs. Guidelines on the management of antiplatelets in patients undergoing emergency surgery suggest the use of tranexamic acid, and if there is excessive bleeding despite this, platelet transfusion can be considered.14 A case-control study of GI bleeding (including 161 cases LGIB) found that platelet transfusion did not improve clinical outcomes, however.15

In the present study there were insufficient adverse cardiovascular events to explore the association between a short interruption to antiplatelet therapy and adverse outcomes. In UGIB, a single centred randomised controlled trial found a large increase in cardiovascular risk with even a short-term interruption to antiplatelet therapy.7 However, a randomised trial of 4000 cardiovascular patients undergoing non-cardiac surgery found that in comparison to placebo, peri-operative aspirin did not prevent MI.13 In LGIB, we find that as there is no increased risk of haemorrhage-related death with antiplatelets, we find no benefit in interrupting these drugs in the short-term. This is discordant with clinical practice as antiplatelet drugs were withheld in >70% patients in this study, despite guideline recommendations. 

In comparison to other anticoagulants, the risks of severe bleeding associated with DOACs in LGIB is less well described. In the present study, there was no difference in the frequency of shock when comparing DOAC patients to the unexposed group. Additionally they neither required more haemostatic intervention nor were more likely to develop re-bleeding. Most patients had their DOAC withheld, so the risk associated with their continuation is unknown. 

There are conflicting reports on the risks of LGIB with warfarin; some studies indicating an association with bleeding severity16 17 and others reporting no such association.18 The current study has a much larger sample of patients taking warfarin and is sufficiently large to report on mortality, finding no increased risk with warfarin use. These findings may be in part be explained by the relative ease of warfarin-reversal with vitamin K or PCC, which was used in over 40% patients. Previous studies have examined the impact of restarting warfarin after an episode of GIB, finding that early resumption (after 7 days) was associated with reduced thrombotic events and mortality, without an increased risk of recurrent bleeding.19 20 

Strengths of the study include its size and prospective data collection by clinical teams. Previous large studies of LGIB have used administrative databases or colonoscopy referrals to identify cases,3 9 11 but this has limited efficacy in LGIB, as codes for some frequent causes of LGIB such as diverticular bleeding are not universally available, and most patients do not undergo colonoscopy.2 The use of contemporaneous medical records allowed the collection of detailed data, such as the mode and timing of drug reversal. This allowed us to include this important variable in the regression models used in this study.

There are several limitations to this study. As the data derive from an observational study, any associations are susceptible to confounding, particularly comparisons between groups of patients that had drugs continued or withheld. In the analysis of continuing or withholding single antiplatelets, rates of re-bleeding may have been higher in the group that withheld the drug for five days or more as patients were followed up for longer than those that had it withheld for <5 days. Further studies may need to analyse this variable as a time-varying covariate. The definition of main outcome re-bleeding, used a period of 24 hours to identify a recurrent bleeding event. This means that re-bleeding that occurred within 24 hours of admission may not have been captured, underestimating the frequency of severe bleeding. Mortality data corresponded to the entire admission though, which was no different between drug groups, even if there may have been differences in severe bleeding in the first 24 hours of admission. Missing data accounted for 23.7% of the re-admission with further bleeding outcome, so re-admission rates may actually be higher than reported in this study. In the multivariate model the confidence intervals were often very wide. This was particularly the case for mortality, and likely represents a lack of statistical power for this outcome. In the entire study population there were only 54 deaths. A larger study is needed to adequately assess this outcome. Patients were identified as having LGIB by clinicians, using presenting features, but only 52% in the original study underwent inpatient investigation of the source of bleeding.2 It is therefore possible that a proportion of the remaining patients may not have had true LGIB. The low frequency of inpatient investigation also means that the interplay between drug use and aetiologies with differing re-bleeding profiles is unknown. Additionally, it is not possible to tell whether patients who experienced re-bleeding bled from the initial lesion or from a different lesion. This is particularly relevant to diverticular bleeding, which was the most common cause of LGIB in this study. We were able to compare outcomes of patients receiving single antiplatelet therapy who discontinued or continued the drug, but not patients who were receiving DAPT, as the total number of the latter were too few. This remains a key area for further research. Additional studies should aim to determine factors that influence the decision to withhold antiplatelet agents, such as type and timing of previous ischaemic events to further explore the rationale for continuing or withholding these drugs, and also consider exploring ischaemic myocardial events separately from thromboembolic events.

This is the first prospectively designed study to compare the outcomes of patients taking antiplatelet drugs or anticoagulants at the time of presentation with LGIB. We have identified that patients taking antiplatelets have the greatest risk of re-bleeding, but demonstrated that withholding the drug may not reduce this, and may expose the patient to unnecessary cardiovascular risk. When triaging LGIB patients the increased risk of re-bleeding with antiplatelet drugs may need to be anticipated and patients managed accordingly. This may consist of having a lower threshold for investigation, haemostatic intervention or a longer period of observation in hospital.
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Tables

Table 1: Patient characteristics
	
	Unexposed 

N=1218
N (%)
	Single antiplatelet user
N=504
N (%)
	Dual antiplatelet user
N=79
N (%)
	DOAC


N=102
N (%)
	Warfarin


N=232
N (%)

	Age (years)
	61.4 ± 20.47
	77.9 ± 10.91
	73.4 ± 11.37
	79.9 ± 10.77
	78.6 ± 10.11

	(missing data)
	(0)
	(0)
	(0)
	(0)
	(0)

	
	
	
	
	
	

	Female Gender
	662 (54.5%)
	245 (48.7%)
	34 (43.6%)
	56 (54.9%)
	124 (53.5%)

	(missing data)
	(4)
	(1)
	(1)
	(0)
	(0)

	
	
	
	
	
	

	Charlson Co-morbidity Index 
	
	
	
	
	

	0
	700 (57.8%)
	123 (24.4%)
	10 (12.7%)
	27 (26.5%)
	75 (32.3%)

	1
	200 (16.5%)
	174 (34.5%)
	29 (36.7%)
	25 (24.5%)
	56 (24.1%)

	2+
	312 (25.7%)
	207 (41.1%)
	40 (50.6%)
	50 (49.0%)
	101 (43.5%)

	(missing data)
	(6)
	(0)
	(0)
	(0)
	(0)

	
	
	
	
	
	

	Hypertension
	356 (29.4%)
	266 (52.8%)
	40 (50.6%)
	54 (52.9%)
	121 (52.2%)

	MI
	39 (3.2%)
	102 (20.2%)
	47 (59.5%)
	12 (11.8%)
	29 (12.5%)

	CCF
	37 (3.1%)
	32 (6.4%)
	6 (7.6%)
	20 (19.6%)
	33 (14.2%)

	Peripheral vascular disease
	21 (1.7%)
	27 (5.4%)
	11 (13.9%)
	1 (1.0%)
	10 (4.3%)

	(missing data)
	(6)
	(0)
	(0)
	(0)
	(0)

	
	
	
	
	
	

	Stroke
	33 (2.7%)
	74 (14.7%)
	11 (13.9%)
	21 (20.6%)
	27 (11.6%)

	Diabetes
	133 (10.9%)
	97 (19.3%)
	15 (19.0%)
	5 (4.9%)
	44 (19.0%)

	(missing data)
	(0)
	(0)
	(0)
	(0)
	(0)

	
	
	
	
	
	

	Previous admission with LGIB
	212 (21.2%)

	79 (20.3%)

	9 (13.6%)

	13 (15.3%)

	45 (24.5%)


	(missing data)
	(219)
	(115)
	(13)
	(17)
	(48)

	
	
	
	
	
	

	HR
	85.5 ± 16.86
	82.0 ± 17.20
	78.9 ± 15.67
	81.6 ± 17.33
	81.3 ± 16.07

	(missing data)
	(29)
	(11)
	(1)
	(4)
	(8)

	
	
	
	
	
	

	SBP (mmHg)
	132.1 ± 24.78
	133.7 ± 26.66
	129.1 ± 22.93
	125.0 ± 20.54
	131.8 ± 27.96

	(missing data)
	(24)
	(11)
	(1)
	(4)
	(8)

	
	
	
	
	
	

	Shocked participant*
	27 (2.3%)
	11 (2.2%)
	0 (0.0%)
	4 (4.1%)
	4 (1.8%)

	(missing data)
	(30)
	(12)
	(1)
	(4)
	(8)

	
	
	
	
	
	

	Frank blood on rectal examination
(missing data)
	598 (49.1%)

3
	332 (65.9%)

8
	52 (65.8%)

0
	62 (60.8%)

1
	138 (59.5%)
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	Admitting Hb
	121.7 ± 27.96
	116.8 ± 26.08
	111.5 ± 23.36
	106.5 ± 30.38
	114.4 ± 24.07

	Participants Hb<80
	119 (9.8%)
	5 (10.0%)
	8 (10.1%)
	22 (21.6%)
	24 (10.3%)

	(missing data)
	(7)
	(4)
	(0)
	(0)
	(0)

	
	
	
	
	
	

	Diverticular bleed
IBD
Other colitis
Ischaemic colitis
Benign anorectal conditions
Colorectal cancer
Angiodysplasia
Unknown
Other 
	280 (23.0)
48 (3.9)
137 (11.2)
36 (3.0)
239 (19.6)

70 (5.7)
14 (1.1)
324 (26.6)
127 (10.4)

	188 (37.3)
5 (1.0)
29 (5.8)
24 (4.8)
56 (11.1)

24 (4.8)
3 (0.6)
129 (25.6)
45 (8.9)

	19 (24.1)
1 (1.3)
3 (3.8)
2 (2.5)
6 (7.6)

5 (6.3)
1 (1.3)
24 (30.4)
17 (21.5)

	31 (30.4)
1 (1.0)
2 (2.0)
2 (2.0)
16 (15.7)

9 (8.8)
0 (0)
22 (21.6)
19 (18.6)

	67 (28.9)
3 (1.3)
7 (3.0)
7 (3.0)
32 (13.8)

12 (5.2)
2 (0.9)
52 (22.4)
55 (23.7)


* Shock defined as HR>100 and SBP<100mmHg
DOAC, direct oral anticoagulant; MI, myocardial infarction; CCF, congestive cardiac failure; HR, heart rate; SBP, systolic blood pressure; Hb, haemoglobin.




Table 2: Interventions
	
	Unexposed


N=1218
N (%)
	Single antiplatelet exposed
N=504
N (%)
	Dual antiplatelet exposed
N=79
N (%)
	DOAC exposed

N=102
N (%)
	Warfarin exposed

N=232
N (%)

	Red cell transfusion
	
	
	
	
	

	Transfused?
	256 (21.1%)
	160 (32.1%)
	34 (43.0%)
	32 (31.4%)
	60 (26.0%)

	(missing data)
	(5)
	(5)
	(0)
	(0)
	(1)

	Volume
	0.67 ± 1.648
	1.01 ± 1.774
	1.41 ± 2.245
	1.11 ± 1.903
	0.88 ± 1.825

	(missing data)
	(28)
	(13)
	(5)
	(0)
	(4)

	
	
	
	
	
	

	Inpatient colonoscopy
(missing data)

Endoscopic haemostasis
	50 (4.2%)

20

26 (2.2%)
	21 (4.3%)

10

6 (1.3%)
	4 (5.3%)

3

1 (1.3%)
	3 (3.0%)

1

1 (1.0%)
	9 (4.0%)

6

6 (2.7%)

	(missing data)
	(46)
	(23)
	(2)
	(3)
	(7)

	
	
	
	
	
	

	Mesenteric embolisation
	7 (0.6%)
	4 (0.8%)
	2 (2.6%)
	2 (2.0%)
	1 (0.5%)

	(missing data)
	(22)
	(6)
	(3)
	(0)
	(13)

	
	
	
	
	
	

	Laparotomy for bleeding
	3 (0.3%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	(missing data)
	(19)
	(8)
	(1)
	(0)
	(1)

	
	
	
	
	
	

















Table 3: Unadjusted patient outcomes

	
	Unexposed


N=1218
N (%)
	Single antiplatelet exposed
N=504
N (%)
	Dual antiplatelet exposed
N=79
N (%)
	DOAC
exposed

N=105
N (%)
	Warfarin exposed

N=232
N (%)

	Re-bleeding during admission
	149 (12.8%)
	98 (20.1%)

	23 (30.3%)

	14 (14.1%)

	33 (15.1%)


	(missing data)
	(55)
	(16)
	(3)
	(3)
	(13)

	
	
	
	
	
	

	Combined cardiovascular outcome
	4 (0.3%)
	11 (2.2%)
	2 (2.7%)
	0 (0.0%)
	2 (0.9%)

	(missing data)
	(17)
	(5)
	(4)
	(0)
	(10)

	
	
	
	
	
	

	All cause in-hospital mortality
	25 (2.1%)
	12 (2.4%)
	6 (7.7%)
	3 (2.9%)
	8 (3.6%)

	(missing data)
	(13)
	(5)
	(1)
	(0)
	(9)

	
	
	
	
	
	

	Haemorrhage-related death
	1 (0.1%)
	1 (0.2%)
	0 (0.0%)
	1 (1.0%)
	0 (0.0%)

	(missing data)
	(20)
	(6)
	(5)
	(0)
	(12)

	
	
	
	
	
	

	Cardiovascular death
	2 (0.2%)
	3 (0.6%)
	1 (1.4%)
	0 (0.0%)
	2 (0.9%)

	(missing data)
	(20)
	(6)
	(5)
	(0)
	(2)

	
	
	
	
	
	

	Median length of stay (days, IQR)
	3 (1, 5)
	4 (2, 7)
	4 (2, 7)
	4 (2, 8)
	4 (2, 8)

	(missing data)
	(61)
	(26)
	(12)
	(6)
	(21)

	
	
	
	
	
	

	Re-admission with LGIB
	59 (6.5%)
	22 (5.8%)
	6 (10.5%)
	2 (2.6%)
	10 (6.0%)

	(missing data)
	(316)
	(123)
	(22)
	(26)
	(65)


*Cardiovascular death: fatal stroke, myocardial infarction or other fatal arterial ischemic event
** Combined cardiovascular outcome: acute coronary syndrome, stroke or cardiovascular death

















Table 4: Multivariate regression models for re-bleeding, re-admission with bleeding and mortality



	
	[bookmark: _GoBack]Multivariate* regression

	
	OR (95% CI)
	P-value

	In-hospital re-bleeding**
Unexposed
Single antiplatelet 
DAPT 
DOAC 
Warfarin   

Re-admission with further bleeding
Unexposed
Single antiplatelet
DAPT
DOAC
Warfarin

Mortality
Unexposed
Single antiplatelet
DAPT
DOAC
Warfarin
	

1
3.57 (1.13, 11.28)
5.38 (1.56, 18.54)
1.72 (0.49, 6.02)
2.00 (0.56)



1
0.49 (0.02, 10.78)
0.88 (0.04, 21.52)
0.19 (0.01, 5.55)
0.70 (0.03, 16.94)

1
0.10 (0.01, 1.04)
0.35 (0.03, 4.27)
0.09 (0.01, 1.31)
0.10 (0.01, 1.32)

	

0.001







0.41





0.08


OR (HR for Cox regression) correspond to the discrete drug group versus the unexposed group.
** All analyses employ logistic regression modelling except in-hospital re-bleeding which is a Cox regression with hazard ratios
Co-variates included in the model: age, gender, Charlson Index, HR, SBP, frank blood on DRE, Hb, drug reversal, admission status.

Missing data; in-hospital re-bleeding 293 cases, re-admission with further bleeding 669 cases, mortality 175 cases, adverse cardiovascular outcomes 285 cases.











Table 5: Unadjusted outcomes of patients receiving single antiplatelet therapy

	
	Antiplatelet user, N= 385**

	
	Continued
N=111
N (%)
	Stopped <5 days 
N=140
N (%)
	Stopped ≥5 days
N= 134
N (%)

	Re-bleeding
	11 (10.2%)
	14 (10.5%)
	38 (29.0%)

	(missing data)
	(3)
	(6)
	(3)

	
	
	
	

	Combined cardiovascular outcome
	1 (0.9%)
	3 (2.2%)
	5 (3.7%)

	(missing data)
	(1)
	(2)
	(0)

	
	
	
	

	Cardiovascular death*
	1 (0.9%)
	0 (0.0%)
	2 (1.5%)

	(missing data)
	(1)
	(1)
	(0)

	
	
	
	

	All-cause in-hospital mortality
	4 (3.6%)
	1 (0.7%)
	4 (3.0%)

	(missing data)
	(0)
	(1)
	(0)

	
	
	
	

	Re-admission with LGIB
	3 (3.8%)
	8 (7.0%)
	5 (4.7%)

	(missing data)
	(32)
	(25)
	(27)


* In-hospital death due to stroke, MI or other ischaemic event
**119 patients no data on duration of single antiplatelet therapy






















Figure headings

Figure 1: Kaplan-Meier graph of time to in-hospital re-bleeding




