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Abstract

Background: Extrapolation of clinical trial results comparing warfarin and direct-acting oral 

anticoagulant (DOAC) users experiencing major hemorrhage to clinical care is challenging due to 

differences seen among nonrandomized oral anticoagulant users, bleed location, and etiology. We 

hypothesized that inpatient all-cause-mortality among patients presenting with major hemorrhage 

differed based on the home-administered anticoagulant medication class, DOAC versus warfarin.

Methods: More than 1.5 million hospitalizations were screened and 3731 patients with major 

hemorrhage were identified in the REDS-III Recipient Database. Propensity score matching and 

stratification were used to account for potentially confounding factors.

Results: Inpatient all-cause-mortality was lower for DOAC (HR = 0.60, 95%CI 0.45–0.80, p = 

0.0005) before accounting for confounding and competing events. Inpatient all-cause-mortality for 

1266 propensity-score-matched patients compared using proportional hazards regression did not 

differ (HR = 0.84, 95%CI 0.58–1.22, p = 0.36). Inpatient all-cause-mortality in stratified analyses 
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(warfarin as reference) produced: HR = 0.69 (95%CI 0.31–1.55) for traumatic head injuries; HR = 

1.10 (95%CI 0.62–1.95) for non-traumatic head injuries; HR = 0.62 (95%CI 0.20–1.94) for 

traumatic, non-head injuries; and HR = 0.69 (95%CI 0.29–1.63) for non-traumatic, non-head 

injuries. Mean time to discharge was shorter for DOAC (HR = 1.17, 95%CI 1.05–1.30, p = 

0.0034) in the propensity score matched analysis. Plasma transfusion occurred in 42% of warfarin 

hospitalizations and 11% of DOAC hospitalizations. Vitamin K was administered in 63% of 

warfarin hospitalizations.

Conclusions: After accounting for differences in patient characteristics, location of bleed, and 

traumatic injury, inpatient survival was no different in patients presenting with major hemorrhage 

while on DOAC or warfarin.
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1. Introduction

Oral anticoagulation is the primary intervention for patients with atrial fibrillation and 

venous thromboembolic disease. Use of oral anticoagulants is increasing due to improved 

adherence to published guidelines [1] and aging in the general population [2,3]. Use of the 

direct thrombin inhibitor (dabigatran etexilate) and three direct FXa inhibitors (rivaroxaban, 

apixaban, and edoxaban) [collectively, direct-acting oral anticoagulants (DOAC)] is growing 

due to ease of dosing, decreased need for laboratory monitoring, limited drug-drug and 

fooddrug interactions, and favorable efficacy and safety [4-11] relative to the vitamin K 

antagonist (VKA), warfarin. Major hemorrhage is the foremost complication of oral 

anticoagulation with an incidence of 1–5% [12-14] and subsequent mortality reaching 11% 

[15,16].

Several clinical trials have identified decreased mortality for DOACs relative to warfarin 

following major hemorrhagic events [17,18]. However, clinical trial patients, and 

particularly those consenting to follow-up research studies, are a selected group that may 

limit the generalizability of the results. Patients prescribed DOACs shortly after approval for 

clinical use may be generally healthier, distinguishing them from the population of all 

anticoagulated patients [19-22]. If unaccounted for, comparison of health outcomes between 

patients on different anticoagulant therapies could be confounded. Finally, emerging 

evidence indicates that bleeding risk differs between oral anticoagulants in terms of location 

of incident bleed (intracranial hemorrhage more common among warfarin users) [23,24]. 

Adequately accounting for these factors in a non-selected patient population is necessary to 

determine how DOACs have impacted the clinical management of major hemorrhage and 

potentially inform best practice. We utilized the Recipient Epidemiology and Donor 

Evaluation Study (REDS)-III Recipient Database [26] to identify an unselected population 

of anticoagulated patients presenting to 12 U.S. hospitals with major hemorrhage over a four 

year period. The detail in this database was used to account for known and potential 

confounding factors, and, to perform stratified analyses by location of bleed and traumatic 

injury. This investigation tested the hypothesis that inpatient all-cause-mortality among 

patients presenting with major hemorrhage differed based on the home-administered 
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anticoagulant medication class, DOAC versus warfarin. This is the largest multi-center, 

observational study of patients presenting with major hemorrhage while on oral 

anticoagulation in the United States of which we are aware.

2. Methods

2.1. Database source

The REDS-III Recipient Database has been described previously [27]. In summary, 12 

hospitals associated with one of four domestic blood centers provided coded information on 

all inpatient and outpatient hospital encounters during the four year period January 1, 2013 

through December 31, 2016. The database uses a primary key (encounter ID) for all distinct 

encounters. Contained within the database are patient demographics, medical diagnoses, 

surgical procedures, vital signs, laboratory test results, blood product transfusions, fluid 

administration, respiratory support, medication use, and corresponding time data for the 

unselected population of all inpatient and outpatient hospitalizations. Primary, secondary, 

and pre-existing diagnoses (comorbidities) were also distinguishable through the use of a 

threelevel indicator variable. Data were aggregated for the four year study period using a 

conserved specification. Institutional review board approval was obtained by each of the 

Domestic Hubs, the Central Laboratory (Vitalant Research Institute), and the Data 

Coordinating Center (Research Triangle International). Informed consent was not required. 

Inpatient hospitalizations and mortality events in the emergency department were included 

in the present analysis.

2.2. Cohort identification

The REDS-III Recipient Database is structured such that all medications are documented in 

one table. Home-administered medications, such as those reported to pharmacy personnel at 

the time of hospital admission, are distinguished from medications administered during the 

hospitalization with an indicator variable. All hospitalizations for inpatients ≥ 18 years of 

age with a home-administered medication of interest (warfarin, apixaban, dabigatran, 

edoxaban, or rivaroxaban) were identified using data contained in this table. Name and dose 

of all home-administered medications were available; timing of last home-administered dose 

was not. Exposure was defined by class of home-administered medication (DOAC versus 

warfarin). Hospitalizations with more than one home-administered oral anticoagulant were 

excluded, as were hospitalizations for which a patient received care at another institution 

(before or after) to avoid biases of incomplete information. Inpatient hospitalizations were 

studied from the time associated with the first available datum in the database through 

hospital discharge or death. Follow-up beyond the time of hospital discharge is not contained 

within the database.

2.3. Identification of major hemorrhage

Others [28-30] have developed validated [31] methods to identify major hemorrhagic events 

in healthcare databases using the criteria established by the International Society on 

Thrombosis and Hemostasis (ISTH) [32]. International Classification of Diseases (ICD-9) 

primary diagnosis codes (Appendices 1a-1b) and laboratory, transfusion, and hospitalization 

data were utilized as follows: i) all hospitalizations with a “critical code” listed as the 
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primary diagnosis were included; and, ii) hospitalizations with a “non-critical” primary 

diagnostic code required at least one of the following criteria within the first complete day: 

(1) mortality; (2) transfusion of ≥2 red blood cell products; or (3) a decline in hemoglobin ≥ 

2.0 g/dL between any two measurements (Fig. 1). The 2016 General Equivalence Mappings 

(https://www.cms.gov/Medicare/Coding/ICD10/Downloads/2016-General-Equivalence-

Mappings.zip) were used to forward- and reverse-map ICD-9 critical and non-critical codes 

due to the adoption of ICD-10 in October 2015 (Appendices 1c-1d). If the same patient 

presented with major hemorrhage multiple times, all of their encounters were excluded from 

analysis.

2.4. Population of interest

More than 1.5 million hospitalizations were screened for eligibility (Fig. 2). Exclusion of 

minors, outpatients, and hospitalizations without a medication of interest identified > 

132,000 hospitalizations with at least one home-administered oral anticoagulant. The 

number of hospitalizations with documented home administration of any oral anticoagulant 

medication of interest per quarter remained approximately unchanged during the four-year 

study period (Fig. 3). Home-administered dabigatran use did not vary widely (range 269–

396), whereas the number of hospitalizations increased for home-administered apixaban 

(from 38 to 1597 hospitalizations) and rivaroxaban (from 449 to 1736). Accordingly, the 

number of hospitalizations with home-administered warfarin decreased from as many as 

8028 in the third quarter of 2013 to 4983 in the final quarter of analysis (~40% reduction).

2.5. Statistical considerations

An unadjusted comparison (warfarin versus DOAC) was performed using all identified 

patients in the eligible cohort (n = 3731). Additionally, we sought to account for many 

reported [19-22] confounding factors simultaneously and developed a propensity score 

model using age, sex, home use of any anti-platelet or aspirin medication, renal dysfunction, 

CHA2DS2-VASc score (Appendix 2), and hospital (with some pooling among hospitals to 

satisfy model requirements). Unlike DOACs, VKA dosing is based on international 

normalized ratio which was available for VKA bleeders, whereas anticoagulant monitoring 

was not available for the DOAC bleeders. It would have been inappropriate to include 

predictors available for one exposure but not the other. Hence, one propensity score for each 

eligible hospitalization was produced that represented the probability of home-administered 

DOAC. Matching was performed using these scores on a one-to-one basis without 

replacement and a maximum difference between any two matched scores no > 0.02 on a 0–1 

scale (caliper width). Matching more than one warfarin hospitalization to each DOAC 

hospitalization did not meaningfully improve statistical power because of associated losses 

of DOAC hospitalizations due to discrepancies between the two patient groups. Due to the 

strength of the association between location of bleed, traumatic injury, and mortality, 

stratification by location of bleed (head versus other region, using ICD code descriptions) 

and traumatic injury (yes versus no, as identified with leading “8” in ICD codes) was used to 

ensure an equal number of DOAC and warfarin-exposed major bleeding hospitalizations in 

the analysis. We also stratified by ICD-period (ICD-9 versus ICD-10) to account for 

potential differences in prescribing patterns over time. This produced eight logistic models 

in the propensity score modeling. The primary outcome was inpatient all-cause mortality. 
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Power calculations (PASS software, SAS Version 9.4, SAS Institute Inc., Cary, NC) 

indicated 80% power to detect a hazard ratio of 1.58 and 90% power to detect a hazard ratio 

of 1.68. In-hospital death and discharge alive were treated as competing risks in proportional 

hazards models for the subdistribution hazard [33] and implemented using the PHREG 

statement which accounts for different lengths of hospital stay. Sensitivity for detecting a 

significant difference given the observed sample size and number of outcomes was assessed 

using a permutation test with 1000 permuted data sets. Comparisons of proportions were 

performed using an exact chi-squared test. Graphics were created using R.

2.6. Outcomes assessment

Death due to hemorrhagic causes was not available because discharge summaries were not 

available for all patients. Death at discharge was available, and therefore the primary 

outcome measure was all-cause inpatient mortality. The database contains a “Transfer” table 

in which all movements throughout the hospital (e.g. Emergency Department transfer to 

Intensive Care) were documented with associated timing data. Locations within the hospital 

were mapped using a conserved specification indicating when patients were receiving 

intensive care. ICU stays were enumerated with the requirement of a minimum of 24 h 

between any two ICU transfer records. Transfusion was determined using blood product 

issuance.

3. Results

3.1. Unadjusted comparison indicates survival benefit for DOAC bleeders

Application of ISTH criteria for major hemorrhage [32] to this population of interest, with 

exclusion of transfers, multiple major hemorrhage encounters involving the same patient, 

and medication combinations inconsistent with current clinical practice, identified a cohort 

of 3731 patients with home-administered oral anticoagulation and major hemorrhage. All-

cause inpatient mortality was numerically greater in the unmatched cohort: warfarin users 

(387/3081, 12.6%) compared to DOAC users (50/650, 7.7%). Mean time to death was also 

different in the unmatched analysis (4.5 days warfarin, 6.5 days DOAC). Overall hospital 

length of stay was 7.6 days for warfarin users and 6.4 days for DOAC users in this 

unmatched cohort. Medication use, comorbid conditions, CHA2DS2-VASc scores, and bleed 

locations were different by medication class in the unmatched cohort (Table 1) and were 

subsequently accounted for using propensity scoring and stratification. Propensity score 

matches were identified for 633 of 650 (97%) DOAC hospitalizations resulting in improved 

balance between the two arms of the cohort by confounding factors (Table 1). The 

distribution of propensity scores differed for warfarin users relative to DOAC users (Fig. 4) 

driven largely by differences in the prevalence of renal dysfunction, the distribution of 

CHA2DS2-VASc scores, and hospital.

3.2. Hemorrhage management strategies

Transfusion and medication administration that occurred during each patient's 

hospitalization in the matched cohort are provided in Table 2. Ninety five patients (15%) 

taking the direct thrombin inhibitor, dabigatran, were analyzed with 538 patients taking one 

of three direct FXa inhibitors. Plasma was transfused in 42% of matched warfarin 
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hospitalizations, whereas plasma was used in 11% of DOAC hospitalizations. Red blood cell 

transfusion was equally common in warfarin and DOAC-anticoagulated patients (52% 

warfarin, 52% DOAC, p = 0.87), as was the transfusion of platelets (12% warfarin, 10% 

DOAC, p = 0.29). Cryoprecipitate was seldom used (5 (1%) warfarin and 3 (1%) 

rivaroxaban hospitalizations). When considered together, three- and four-factor PCCs were 

utilized in a similar number of hospitalizations by exposure class (14% warfarin, 14% 

DOAC, p = 0.75). Vitamin K was utilized in 63% of warfarin- and 13% of DOAC-

anticoagulated patients, with both vitamin K and plasma transfusion being used in 174 

(27%) of major hemorrhage hospitalizations for warfarin users. Recombinant factor VIIa 

was utilized in 4 (1%) warfarin, 5 (1%) rivaroxaban, and 8 (8%) dabigatran hospitalizations. 

Idarucizumab, the specific reversal agent for dabigatran, was approved for clinical use in 

October 2015 and was used in five dabigatran hospitalizations.

3.3. All-cause inpatient mortality differences eliminated in matched analysis

Competing risk analysis, both cause-specific and subdistribution hazards regression 

approaches, found no difference in all-cause inpatient mortality between warfarin and 

DOAC users experiencing major hemorrhage. Analysis of the 633 propensity score matched 

pairs using the subdistribution hazards approach produced a hazard ratio (HR) of 0.84 and 

95% confidence interval (CI) of 0.58–1.22 (p = 0.359) (Fig. 5a). There were 109 total deaths 

in the propensity score matched sample (59 warfarin; 50 DOAC). Sensitivity analysis 

indicated that the mortality difference would need to exceed 19 deaths (e.g. 64 warfarin, 45 

DOAC, HR < 0.6) to reject the null hypothesis of no difference in all-cause inpatient 

mortality by medication class given the sample size and event rate (Fig. 5b). The stratified 

analysis produced similar results with no significant difference in all-cause inpatient 

mortality: traumatic head injuries (HR = 0.69, 95%CI 0.31–1.55), non-traumatic head 

injuries (HR = 1.10, 95%CI 0.62–1.95), traumatic non-head injuries (HR = 0.62, 95%CI 

0.20–1.94), and non-traumatic non-head injuries (HR = 0.69, 95%CI 0.29–1.63) 

(Supplemental Figs. 1a-1d).

3.4. Hospital length of stay was shorter among DOAC users

Mean hospital length of stay was 7.8 days for warfarin users and 6.4 days for DOAC users. 

The hazard ratio for hospital discharge, which accounts for death as a competing risk, was 

1.17 (95%CI 1.05–1.30, p = 0.003) (Fig. 6) indicating that total length of stay was 

significantly longer for matched warfarin patients. Statistically, the only significant hazard 

ratio for the stratified analysis was for non-traumatic non-head injuries (HR = 1.23, 95%CI 

1.05–1.43, p = 0.009), indicating longer hospitalizations for warfarin users who experience 

major spontaneous non-intracranial hemorrhage relative to DOAC users. Hazard ratios were 

1.21 (0.93–1.57), 1.02 (0.75–1.41), and 1.21 (0.97–1.52) for traumatic head, non-traumatic 

head, and traumatic non-head injuries, respectively.

3.5. No difference in intensive care between DOAC and warfarin users

There were 351 (55.4%) matched warfarin users with at least one stay in an intensive care 

unit (ICU) compared to 327 (51.7%) DOAC users (p = 0.195). Altogether, there were 383 

ICU stays among matched warfarin users, versus 353 stays among DOAC users. When 

considering an ICU stay as any stay separated from any other stay by at least 24 h, median 
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ICU length of stay was 58.7 h among warfarin stays and 47.7 h among DOAC stays. Among 

users with at least one ICU stay, there were 27 (7.7%) matched warfarin users with multiple 

stays versus 24 (7.3%) among DOAC users (p = 0.885). The hazard ratio for time to 

discharge from the ICU for DOAC versus warfarin stays, accounting for death as a 

competing risk, was 1.12 (95%CI 0.97–1.31, p = 0.126), indicating that total length of ICU 

stay was statistically indistinguishable.

4. Discussion

Providers are increasingly prescribing DOACs for oral anticoagulation. Although rates of 

incident major hemorrhage are lower among DOAC users than warfarin users [4,7,34-36], 

major hemorrhage occurs at a rate of 1–4 events per 100 DOAC patient years [37-39] and, 

due to rapid adoption of DOACs [1,40,41], clinicians are increasingly faced with managing 

these crises. This analysis showed that all-cause inpatient mortality was no different between 

DOAC and warfarin users who presented with major hemorrhage when accounting for 

confounding factors and competing events. It also demonstrated that the transfusion of 

plasma and use of vitamin K were less common among DOAC users, and, their hospital 

stays were more than one day shorter when compared to warfarin users. Decreased 

transfusion and medication burden during hospitalization, combined with evidence of no 

difference in mortality risk and shorter length of stay, suggest that health outcomes 

following major hemorrhage are at least no different for DOAC users compared to warfarin 

users. These findings add useful perspective to a recent meta-analysis performed by Caldeira 

and colleagues [17], where 9/11 (82%) of the clinical trials studied were subject to a high 

risk of bias because of missing data on adjusted estimates for fatal bleeding or case fatality 

rates for major bleeding. Additionally, because these studies assessed longer durations of 

follow-up (1.0–2.8 years vs. in-hospital mortality), one possible explanation for the 

difference in results is that potential survival benefits associated with DOAC use manifest in 

the period following hospital discharge.

Several studies have identified associations between patient characteristics and the 

likelihood of DOAC use including female sex, lower income, and higher risk of stroke 

[19-22]. Failure to account for these factors can influence conclusions drawn in studies of 

non-randomized patient groups. All-cause inpatient mortality was greater for warfarin users 

in our unmatched analysis. However, when we implemented propensity score matching to 

adjust for potentially confounding factors and produced DOAC-warfarin pairs that were 

more similar than the unmatched cohort, we observed that in-hospital mortality was no 

different between these groups. This finding is similar to data from meta-analysis of five 

trials, where thirty day mortality following major bleeding events prior to adjustment was 

greater among patients randomized to warfarin (13%) versus dabigatran (9%), but 

adjustment for age, sex, weight, and renal function eliminated this difference (adjusted OR = 

0.66, 95% CI 0.44–1.00) [42]. A similar reduction was identified in an analysis of 191 

DOAC users compared to 615 warfarin users where 30 day mortality before adjustment 

produced a HR of 1.95 (95% CI 1.19–3.22, p = 0.008) with a decrease after adjustment to 

1.67 (95% CI 1.00–2.79, p = 0.05) [43]. Prospective study of major hemorrhagic events 

from 30 hospitals in the United Kingdom [44] resulted in an adjusted odds ratio for 30 day 

mortality that was no different for DOAC and warfarin users [0.96 (95% C.I. 0.71–1.28, p = 
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0.77)]. Verification across multiple studies (including the present study) of the finding that 

discrepant mortality is eliminated after adjustment for patient characteristics despite 

differences in data sources, statistical methodology, and sample size, supports the overall 

conclusion that in-hospital and 30 day mortality following major hemorrhage is not different 

whether on warfarin or DOAC.

Red blood cell transfusion was no different for warfarin and DOAC bleeders in our analysis 

(mean units, 3.66 Warfarin, 3.34 DOAC, p = 0.137), although other groups have reported 

more red blood cell transfusions for DOAC bleeders [45,46]. This may be associated with a 

higher prevalence of gastrointestinal bleeds in DOAC users from other cohorts, whereas 

these were equally represented in our cohort due to our use of stratification. Transfusion of 

plasma was more common among warfarin users (42%) who presented with major 

hemorrhage in this study; more common than the administration of plasma following major 

bleeding events that occurred during the phase 3 clinical trials comparing dabigatran to 

warfarin (30%) [10] and rivaroxaban to warfarin (20%) [37]. Low rates of plasma 

transfusion among bleeding warfarin users in these clinical trials have been noted as a 

potential source of bias in the survival benefit reported among DOAC users [45]. 

Appropriate use of plasma and vitamin K could improve outcomes for warfarin bleeders; 

however, the use of PCCs has shown superiority to plasma transfusion in analysis of 13 

clinical studies of major hemorrhage [47]. The use of either 3- or 4-factor PCCs has been 

variable (74% warfarin 39% DOAC [44], 30% rivaroxaban [48], 41% warfarin [45]) and 

PCCs were not routinely used by providers at the 12 hospitals studied revealing potential 

opportunities to improve clinical practice. The use of recombinant factor VIIa was 

uncommon for either warfarin or DOAC hospitalizations in our study and others' (l%–2% 

overall, 8% in our dabigatran events) [42,45,46,48]. Perhaps most surprisingly, vitamin K 

was administered in only 396 of 633 (63%) propensity-score-matched warfarin users 

experiencing major hemorrhage in this analysis.

Risk differences related to the location of major bleeding have been documented in women 

aged ≥ 75 years and men aged ≥ 85 years for dabigatran [23] and differences in treatment 

efficacy have been shown for intracranial hemorrhages [49]. Two studies of outcomes 

following intracranial hemorrhage with approximately 100 DOAC subjects each did not 

identify in-hospital mortality differences [50] or 90 day mortality differences [51], whereas 

inpatient mortality was significantly lower for 61 DOAC users in a similar study of patients 

with traumatic intracranial hemorrhage (4.9% DOAC, 20.8% warfarin, p < 0.008) [52]. A 

very large, multi-hospital study of all intracranial hemorrhage events was recently published 

where in-hospital-mortality was less for DOAC users as compared to warfarin users 

(adjusted OR = 0.75, 95%CI 0.69–0.81) [53], though the effect modification of traumatic 

injury was not investigated. Though inpatient mortality was numerically greater among 

intracranial hemorrhages compared to other major hemorrhages, further stratification of our 

sample by traumatic injury failed to identify a difference in inpatient mortality risk by 

medication class for patients with intracranial hemorrhage or patients with non-intracranial 

hemorrhage.

Similar to other observational studies, we were unable to ascertain the time of the last dose 

of anticoagulant, had no detailed record of medication adherence, and did not know the 
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duration of time the patient was in the therapeutic range. We therefore do not know the 

duration of time between last medication dose, incident major hemorrhage, and arrival at the 

hospital. We cannot extrapolate to individual DOACs relative to each other or to warfarin. 

Indication for anticoagulation was not reliably available in the database; however, 

prospective analysis failed to identify indication as a predictor of in-hospital mortality in a 

recent study [44]. Extrapolation of the findings of this analysis should extend only to those 

patients represented in the cohort; most notably propensity scoring eliminated most patients 

with renal impairment, and those who were older (warfarin) and had a higher prevalence of 

comorbidities. Furthermore, propensity scoring accounts for potentially confounding factors 

only if those determinants are included in the model and some determinants of outcomes 

following major hemorrhage may not have been available. Despite these limitations, this 

analysis has key strengths. REDS-III hospitals represent a diverse collection of academic 

medical centers, community hospitals, and tertiary care centers. We deliberately excluded 

transfers into or out of network to avoid biases of incomplete information. We employed a 

conservative definition of major hemorrhage including the use of only primary diagnostic 

codes to identify eligible cases, strict restrictions on the duration between hospital arrival 

and declining hemoglobin, transfusion of red blood cells, or death, and avoided the use of 

PCCs or recombinant factor products as eligibility criteria. These strategies likely have the 

effect of reducing heterogeneity and associated confounding. In addition to being able to 

match without replacement within a very narrow propensity score (caliper width no > 0.02), 

only 17 (< 3%) DOAC hospitalizations were not matched. Nevertheless, there is the 

possibility of unmeasured residual confounding having an impact on the results of this 

analysis and our data need to be considered in the broader context a growing body of 

literature on health outcomes following major bleeding among DOAC users.

Warfarin has provided 90 years of life-saving therapy for patients with atrial fibrillation and 

venous thromboembolic disease. Rapid adoption of DOACs has led to an uncertainty in the 

management of major hemorrhagic events in DOAC-anticoagulated patients. Over the four 

year interval studied, we saw an increase in the proportion of all hospitalizations with home 

administration of DOAC and a corresponding decrease in the proportion of warfarin users. 

Among those presenting with major hemorrhage, all-cause inpatient mortality was no 

different for patients with home-administered DOAC, though hospital stays were shorter 

when compared with warfarin users. The advent of specific reversal agents for direct factor 

Xa [54] and thrombin [55] inhibitors may further improve bleeding outcomes for some 

DOAC users, though more widespread use of vitamin K to reverse major hemorrhage among 

warfarin users is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Decision schematic for identifying major bleeding.
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Fig. 2. 
Hospitalization eligibility flowchart showing hospitalizations assessed for eligibility, 

purposes for exclusion from analysis, and the final propensity score matched analytic cohort. 

Reasons for exclusion are iterative and sequential. *numbers in this box are not additive due 

to hospitalizations having more than one medication of interest that are subsequently 

excluded.
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Fig. 3. 
Stacked area graph with each polygon representing the number of encounters by medication 

of interest for each quarter between January 1, 2013 and December 31, 2016. The total 

height of all polygons for a given quarter represents the total number of encounters for all 

medications combined.
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Fig. 4. 
Mirrored histogram showing the distribution of propensity scores before (white) and after 

(green) matching. DOAC hospitalizations are shown above the horizontal zero line (light 

green) and warfarin hospitalizations are shown below the horizontal zero line (dark green). 

(For interpretation of the references to colour in this figure legend, the reader is referred to 

the web version of this article.)
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Fig. 5. 
a. Cumulative incidence functions of mortality for warfarin (blue) and DOAC (red) with 

overall hazard ratio = 0.84 and 95% confidence interval of 0.58–1.22 (p = 0.359). 

Overlapping 95% confidence intervals appear purple. b. Histogram showing results from 

sensitivity analysis of all-cause mortality. Hazard ratio values falling in the area of rejection 

(p < 0.025) are shown in red; values in the area of non-rejection (0.025 < p < 0.975) are 

shown in yellow; the bar shown in grey represents the interval in which the observed hazard 

ratio fell; a kernel density plot is overlaid as the solid black line. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web version of this 

article.)
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Fig. 6. 
Cumulative incidence functions of overall hospital length of stay for warfarin (blue) and 

DOAC (red) with overall hazard ratio = 1.17 (95% CI 1.05–1.30, p = 0.003). Overlapping 

95% confidence intervals appear purple. (For interpretation of the references to colour in this 

figure legend, the reader is referred to the web version of this article.)
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