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Abstract

Background and Purpose—Little is known about the clinical outcomes associated with post-
hemorrhage anticoagulation resumption for atrial fibrillation. This study had two objectives: first,
to evaluate anticoagulation use after a first major bleed on warfarin or dabigatran; and second, to
compare effectiveness and safety outcomes between patients discontinuing anticoagulation after a
major bleed and patients restarting warfarin or dabigatran.

Methods—Using 2010-2012 Medicare Part D data, we identified atrial fibrillation patients who
experienced a major bleeding event while using warfarin (n=1135) or dabigatran (n=404) and
categorized them by their post-hemorrhage use of anticoagulation. We followed them until an
ischemic stroke, recurrent hemorrhage, or death through December 31, 2012. We constructed
logistic regression models to evaluate factors impacting anticoagulation resumption, and Cox
Proportional Hazard models to compare the combined risk of ischemic stroke and all-cause
mortality, and the risk of recurrent bleeding between treatment groups.

Results—Resumption of anticoagulation with warfarin (hazard ratio (HR) 0.76; 95%Cl,
0.59-0.97) or dabigatran (HR0.66; 95%CI 0.44-0.99) was associated with lower combined risk of
ischemic stroke and all-cause mortality than anticoagulation discontinuation. The incidence of
recurrent major bleeding was higher for patients prescribed warfarin after the event than for those

Address reprint requests to Dr. Zhang (corresponding author) at the Department of Health Policy and Management, University of
Pittsburgh, 130 De Soto Street, Crabtree Hall A664, Pittsburgh, PA 15261; Phone: 412-383-5340; Fax: 412-624-3146;
ytzhang@pitt.edu.

Disclosures

Dr. Saba reports having received research support from Boston Scientific, Medtronic Inc., and St. Jude Medical.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al. Page 2

prescribed dabigatran (HR2.31; 95%CIl, 1.19-4.76) or whose anticoagulation ceased (HR1.56;
95%Cl, 1.10-2.22), but did not differ between patients restarting dabigatran and those
discontinuing anticoagulation (HR0.66; 95% CI, 0.32-1.33).

Conclusions—Dabigatran was associated with a superior benefit/risk ratio than warfarin and
anticoagulation discontinuation in the treatment of atrial fibrillation patients who have survived a
major bleed.

Keywords

Anticoagulants; Atrial Fibrillation; Intracranial Hemorrhage; Ischemic Stroke; Quality and
Outcomes

INTRODUCTION

Anticoagulation therapy reduces the risk of stroke associated with atrial fibrillation (AF) by
around 60%.1 Anticoagulation, however, is not free of risks, being an important determinant
of bleeding. The optimal management of AF patients who have experienced a major
bleeding complication is uncertain, since there are competing risks from both the resumption
and the discontinuation of anticoagulation: while patients experiencing a major bleed are at
increased risk of recurrent bleeding events,? they are also at a high risk of thromboembolic
events, if anticoagulation is not reinitiated.3-6 The uncertainty surrounding decisions about
the post-hemorrhage use of anticoagulation is very relevant from the clinical perspective,
particularly because patients who are at highest risk of bleeding are also at highest risk of
stroke.2 7

Previous studies that examined the clinical outcomes of patients who resumed versus those
who discontinued anticoagulation after a major bleed found that resumption of
anticoagulation was associated with lower risk of thromboembolic events, but higher risk of
bleeding.3-6 Nevertheless, in comparing clinical outcomes between these 2 groups of
patients, these studies did not account for the type of anticoagulation agent used, and used
data that preceded the market entry of the non-vitamin K antagonist oral anticoagulants
(NOACs).3-6 With no requirement for routine coagulation assay monitoring, and with a
lower risk of intracranial bleeding, the therapeutic management and bleeding profile of the
NOACsS are considerably different from those of warfarin.8 Consequently, the clinical
outcomes associated with the resumption of anticoagulation after a major bleeding event
may differ between patients reinitiating warfarin therapy and those reinitiating NOACSs.
Therefore, it is important to separately evaluate the risks of stroke and recurrent bleeding
among patients who resume anticoagulation with warfarin, those who reinitiate
anticoagulation with the NOACSs, and those who discontinue all anticoagulation.

Therefore, our present analysis had two objectives: first, to evaluate the patterns of oral
anticoagulation use after a major bleeding event on dabigatran or warfarin and to identify
predictors for post-hemorrhage resumption of oral anticoagulation; and second, to compare
the combined risk of ischemic stroke and all-cause mortality and the risk of recurrent
bleeding events between patients who resume anticoagulation with warfarin or dabigatran
versus those whose anticoagulation is ceased.
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Data Source and Study Population

Outcomes

Covariates

We obtained 2010-2012 data for a 5% random sample of Medicare beneficiaries from the
Centers for Medicare and Medicaid Services (CMS). First, we identified all patients who
had a diagnosis of AF® and filled a prescription for dabigatran or warfarin between October
19, 2010 (date of dabigatran approval) and June 30, 2012 (Figure 1). To make sure that the
warfarin group was representative of patients initiating warfarin and hence, comparable to
the dabigatran group, we excluded all individuals who had filled a prescription for warfarin
during the six months before October 19, 2010. We followed 10,059 dabigatran users and
79,714 warfarin users from the date of the first prescription of dabigatran or warfarin after
October 19, 2010 through December 31, 2012 until the first of the following events: major
bleeding, discontinuation of treatment, defined as a gap in treatment for over 60 days, 1°
switch of anticoagulant, or death. Second, we selected those who experienced a major
bleeding event that required hospitalization (index major hemorrhage) and identified those
who were discharged alive. Third, we collected their prescriptions for oral anticoagulant
agents filled after the date of the index major hemorrhage and categorized them according to
the oral anticoagulation agent used. Patients who filled a prescription for dabigatran or
warfarin after the bleeding event were followed from the date of the first anticoagulant
prescription after index major hemorrhage (post-hemorrhage follow-up start date) through
December 31, 2012 or until the occurrence of a stroke, a recurrent bleeding event, or death.
To set the post-hemorrhage follow-up start date for patients who never filled a prescription
for an oral anticoagulant agent after the index major hemorrhage, we performed frequency
matching. Further details on frequency matching can be found in the Supplemental Methods
at http://stroke.ahajournals.org. Patients who switched to rivaroxaban were not included in
the study because of the small sample size of this treatment group (n=8 in the dabigatran
cohort, and n=9 in the warfarin cohort). This study was approved by the Institutional Review
Board at the University of Pittsburgh as exempt.

Effectiveness outcomes included ischemic stroke, all-cause mortality, and the composite of
ischemic stroke and all-cause mortality. Ischemic stroke was defined as having one inpatient,
emergency room or outpatient claim with primary or secondary International Classification
of Diseases, Ninth Revision (ICD-9) codes 433, 434 or 436.11. 12 Safety outcomes included
recurrent major bleeding and any recurrent bleeding event (definitions in the Supplemental
Methods at http://stroke.ahajournals.org.).

We evaluated how different demographic factors, clinical characteristics, anatomical location
and severity of the index major hemorrhage affected the post-hemorrhage use of oral
anticoagulation. All covariates were measured at the time of the index major hemorrhage.
Demographic characteristics included age, gender, race and eligibility for Medicaid
coverage. Clinical covariates included CHA,DS,-VASc score,” HAS-BLED score,? and a
number of other CMS priority comorbidities. Because Medicare claims data does not
contain information on the international normalized ratio (INR), we calculated the HAS-

Stroke. Author manuscript; available in PMC 2018 January 01.


http://stroke.ahajournals.org
http://stroke.ahajournals.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 4

BLED score as the sum of all previous factors except labile INR. We categorized the
anatomical location of the index major hemorrhage into four groups: intracranial bleeding,
gastrointestinal hemorrhage, genitourinary hemorrhage, and other bleeding events, which
included hemoperitoneum, epistaxis, hemoptysis, hemarthrosis, conjunctival and vaginal
hemorrhage and not-otherwise specified hemorrhage. Measures of the severity of the index
major hemorrhage included length of inpatient stay, intensive care unit admission, blood
transfusion therapy, and whether the patients underwent corrective procedures in the same
anatomical area of the bleeding. The definitions of covariates can be found in the
Supplemental Methods at http://stroke.ahajournals.org.

Statistical Analysis

We compared patient characteristics of three post-hemorrhage treatment groups in each
cohort at the time of index major hemorrhage using chi-square tests, Fisher’s exact tests and
ANOVA, as appropriate. To predict the probability of restarting the same anticoagulation
agent used before the index bleeding event or switching to another agent as opposed to
discontinuing oral anticoagulation, we constructed a multinomial logistic regression model
with generalized logit link function, where the outcome variable was the post-hemorrhage
treatment group, and covariates included all variables listed in the Covariates Section.

Kaplan-Meier time-to-event curves were constructed to compare the cumulative incidence
rates of effectiveness and safety outcomes at 3 months, 6 months and 1 year post-
hemorrhage follow-up among the post-hemorrhage treatment groups. To further control for
potential confounders in comparing effectiveness and safety outcomes, we constructed Cox
Proportional Hazard models. Cox models built to compare effectiveness outcomes controlled
for age, CHA,DS,-Vasc score, HAS-BLED score and an indicator variable for the location
of the index major hemorrhage (1 if intracranial, O otherwise). Cox models built to compare
safety outcomes controlled for CHA,DS,-Vasc, HAS-BLED score, an indicator variable for
the location of the index major hemorrhage (1 if intracranial, O otherwise), and the measures
of the severity of the index bleeding event, as detailed above. For all time-to-event analyses,
time 0 was the post-hemorrhage follow-up start date (defined in the Data Source and Study
Population Section). The time at risk was censored at the end of the study period (December
31, 2012) or at the time of death, except for the Kaplan-Meier and Cox models whose
outcome included mortality. In those analyses, the time at risk was only censored at the end
of the study period. All of these analyses were performed separately for the dabigatran and
the warfarin cohorts. In a secondary analysis, we grouped patients from the warfarin and
dabigatran cohorts according to the treatment used after the index major hemorrhage, and
compared effectiveness and safety outcomes using Cox models in a similar manner, as
described above. All analyses were conducted with statistical software SAS 9.4 (Cary, NC).

Sensitivity Analysis

Post-hemorrhage clinical outcomes of patients who experienced an intracranial bleeding are

likely to differ from those who bled on other anatomical locations. To examine how this may
have affected our results for the comparative risk of post-hemorrhage clinical outcomes, we

repeated our analysis after excluding patients who experienced an intracranial bleeding.
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RESULTS

Post-Hemorrhage Anticoagulation Use and Patient Characteristics

The proportion of patients who reinitiated anticoagulation after the index major hemorrhage
was similar between the warfarin and dabigatran cohorts (49% for dabigatran and 47% for
warfarin, p-value=0.497). However, dabigatran users were more likely to switch to warfarin
after the bleeding event than warfarin users were to switch to dabigatran (17% versus 2%, p
-value<0.001). In addition, resumption of the same oral anticoagulation agent used before
the index major hemorrhage was more common in the warfarin cohort than in the dabigatran
cohort (41% vs. 28%, with p-value <0.001). In the dabigatran cohort, the mean time from
index bleeding to anticoagulation resumption was 45 days for patients who resumed
dabigatran, and 73 days for those who switched to warfarin (p-value=0.005). In the warfarin
cohort, the average time from index bleeding to anticoagulation resumption was 60 days for
patients who resumed warfarin, and 70 days for those who switched to dabigatran (p-
value=0.501). The average follow-up time for each group and cohort can be found in Table
Il at http://stroke.ahajournals.org

Table 1 shows how patient characteristics at baseline compare among post-hemorrhage
treatment groups. Older patients were more likely to discontinue anticoagulation after the
index hemorrhage in both cohorts. Specifically, the odds of resuming dabigatran or
switching to warfarin compared to discontinuing anticoagulation decreased by 24% (95%
Cl, 9%-37%) and 28% (95% CI, 10%-42%) for every 5 years increase in age, respectively
(Figure 2). In the warfarin cohort, patients who experienced an intracranial bleeding, were
admitted to the intensive care unit, or received a blood transfusion, were more likely to cease
anticoagulation (Figure 3).

Ischemic Stroke

Before adjustment, there was no difference in the risk of stroke among treatment groups in
two cohorts: the cumulative incidence of ischemic stroke at 1 year was 0.20(95% ClI,
0.12-0.29) for dabigatran users resuming dabigatran, 0.15(95% CI, 0.08-0.21) for dabigatran
users who discontinued anticoagulation, 0.21(95% Cl, 0.10-0.32) for dabigatran users
switching to warfarin, 0.17(95% Cl, 0.13-0.21) for warfarin users resuming warfarin,
0.14(95%Cl, 0.11-0.18) for warfarin users who discontinued anticoagulation, and 0.25(95%
Cl, 0.06-0.44) for warfarin users switching to dabigatran (Table 11l at http://
stroke.ahajournals.org). After adjustment for potential confounders, the risk of ischemic
stroke did not differ between patients who resumed dabigatran (hazard ratio (HR) 1.29; 95%
Cl, 0.69-2.43) or switched to warfarin (HR 1.26; 95% CI, 0.63-2.65) and those who did not
reinitiate anticoagulation. In the warfarin cohort, similarly, the risk of ischemic stroke did
not differ among treatment groups (HR 0.75; 95% CI, 0.57-0.98 for resumption of warfarin
vs. discontinuation of anticoagulation, and HR 0.37; 95% CI, 0.23-0.58 for switching to
warfarin vs. discontinuation of anticoagulation). When the two cohorts were analyzed
simultaneously based on the treatment received after the index hemorrhage, once again,
there was no difference in the risk of ischemic stroke among post-hemorrhage treatment
groups.
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Ischemic Stroke and All-Cause Mortality

The cumulative incidence of all-cause mortality at 1 year was higher for patients who
discontinued anticoagulation (0.13;95%CIl, 0.08-0.18 for patients on the dabigatran cohort
and 0.15;95% ClI, 0.12-0.18 for patients on the warfarin cohort) than for those who restarted
anticoagulation (0.02;95%ClI, 0.00-0.04 for dabigatran users resuming dabigatran and
0.07;95% ClI, 0.04-0.09 for warfarin users resuming warfarin) (Table I11 at http://
stroke.ahajournals.org). After adjustment for potential confounders, the risk of all-cause
mortality was lower for patients on the dabigatran cohort who resumed dabigatran (hazard
ratio (HR) 0.13; 95% CI, 0.03-0.58) or switched to warfarin (HR 0.21; 95% CI, 0.05-0.91)
than for those who did not reinitiate anticoagulation (Figure 4). In the warfarin cohort,
resumption of warfarin was associated with lower composite risk of ischemic stroke and all-
cause mortality (HR 0.75; 95% CI, 0.57-0.98) and lower risk of all-cause mortality (HR
0.37; 95% Cl, 0.23-0.58) than discontinuation of anticoagulation.

When the two cohorts were analyzed simultaneously based on the treatment received after
the index hemorrhage, we found that the composite risk of ischemic stroke and all-cause
mortality was lower for patients who were prescribed warfarin (HR 0.76; 95% CI, 0.59-0.97)
or dabigatran (HR 0.66; 95% CI, 0.44-0.99) than for those whose anticoagulation was
discontinued after the major bleeding event. Furthermore, resumption of anticoagulation
with warfarin (HR 0.35; 95% ClI, 0.23-0.53) or with dabigatran (HR 0.13; 95% ClI,
0.04-0.41) was associated with decreased mortality, compared to discontinuation of
anticoagulation.

Recurrent Bleeding

There were no differences in the unadjusted risk of bleeding events among post-hemorrhage
treatment groups in the dabigatran cohort (Table Il at http://stroke.ahajournals.org): the
cumulative incidence of major recurrent bleeding at 1 year was 0.07(95%cCl, 0.02-0.11) for
dabigatran users who resumed dabigatran, 0.09 (95%ClI, 0.04-0.14) for those who
discontinued anticoagulation, and 0.09(95%Cl, 0.01-0.17) for those switching to warfarin.
However, in the warfarin cohort, the unadjusted risk of recurrent major bleeding at 1 year
was lower for patients who discontinued anticoagulation (0.10;95%Cl, 0.07-0.13) than for
those who restarted warfarin after the index hemorrhage (0.17;95%Cl, 0.13-0.21). These
unadjusted results were consistent with the findings of the adjusted analysis: The risks of
major and any bleeding events were similar for 3 treatment groups in the dabigatran cohort
(Figure 4). In the warfarin cohort, however, the risk of major bleeding was higher for
patients resuming warfarin compared to those discontinuing all anticoagulation (HR 1.60;
95% Cl, 1.09-2.36).

When the two cohorts were combined based on the treatment received after the index
hemorrhage, we found that the risk of major hemorrhage was higher for patients who were
prescribed warfarin than for those who were prescribed dabigatran or who discontinued
anticoagulation therapy. Specifically, the hazard ratio of recurrent major bleeding was 0.42
(95% Cl, 0.21-0.84) for dabigatran compared to warfarin, and 1.59 (95% Cl, 1.10-2.22) for
warfarin compared to anticoagulation discontinuation. The risk of bleeding did not differ
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between patients who were prescribed dabigatran after the index hemorrhage and those
whose anticoagulation was discontinued (HR 0.66; 95% ClI, 0.32-1.33).

Table IV at http://stroke.ahajournals.org shows the anatomical location of the recurrent
bleeding events, stratified by the anatomical location of the index hemorrhage. The highest
incidence of recurrent intracranial hemorrhage was for patients in the warfarin cohort who
resumed warfarin (25%).

Sensitivity Analyses

Our results for the hazard ratios of post-hemorrhage clinical outcomes were robust to the
exclusion of patients who experienced an intracranial bleeding event (Table V at http://
stroke.ahajournals.org).

DISCUSSION

To the best of our knowledge, our study is the first real-world analysis comparing clinical
outcomes after a major hemorrhage among patients who reinitiated anticoagulation therapy
with dabigatran or warfarin, and those who never resumed anticoagulation. Our study has
four main findings: First, we found that post-hemorrhage use of warfarin was more common
than that of dabigatran in 2010-2012. Second, we observed that the CHA,DS,-VASc and
HAS-BLED scores did not impact the likelihood of reinitiating anticoagulation after a major
bleeding event. In contrast, age, anatomical location and severity of the index bleeding event
were the most important determinants of resuming anticoagulation. Third, compared to
discontinuation of all anticoagulation, resumption of anticoagulation therapy with either
dabigatran or warfarin was associated with higher rates of survival and stroke-free survival.
Fourth, the risk of recurrent major hemorrhage was higher for patients who were prescribed
warfarin after a first major bleeding compared to those who were prescribed dabigatran or
those whose anticoagulation was never reinitiated.

Our estimate for the hazard ratio of all-cause mortality for patients who reinitiated warfarin
compared to those who discontinued anticoagulation (HR 0.35; 95% C1,0.23-0.54) is similar
to the one reported by Staerk and collaborators (HR 0.39; 95% CI, 0.34-0.46).* Regardless
of the consistency of these findings, the association of anticoagulation resumption with
increased survival may be subject to residual confounding, because patients who
discontinued anticoagulation had higher burden of disease than those who resumed
anticoagulation. In our analyses, we controlled for CHA,DS,-VASc and HAS-BLED scores;
however, these prediction tools do not distinguish the severity of the risk factors included in
their calculation. Furthermore, conditions other than the ones included in the calculation of
CHA,DS,-VASc and HAS-BLED scores may have been unbalanced between patients who
restarted anticoagulation and those who did not. Consequently, our results for the
comparative risk of all-cause mortality between patients who reinitiated and those who
discontinued anticoagulation should be interpreted with caution.

Study Implications

Our study contributes significantly to the existing literature because, as opposed to previous
work, it stratified treatment groups into two cohorts according to the type of anticoagulation

Stroke. Author manuscript; available in PMC 2018 January 01.


http://stroke.ahajournals.org
http://stroke.ahajournals.org
http://stroke.ahajournals.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 8

agent used after the index bleeding event. In doing so, we demonstrate the benefit of the use
of anticoagulation therapy after a major bleeding event. More specifically, we found that the
resumption of anticoagulation therapy after a major hemorrhage was associated with a lower
incidence of stroke and all-cause mortality than anticoagulation discontinuation. In contrast,
less than half of the patients who survived a major hemorrhage in 2010-2012 restarted
anticoagulation; which likely represents prescribers’ aversion to the perceived high risk of
recurrent hemorrhage. However, in our study, we found that the risk of recurrent major
bleeding was lower than the risk of ischemic stroke for all treatment groups, and that the risk
of recurrent major bleeding did not differ between treatment groups in the dabigatran cohort.
These results should encourage clinicians to resume anticoagulation among patients who
survived a major bleeding event. When comparing outcomes associated with the resumption
of warfarin and dabigatran, we found that the benefit/risk ratio of post-hemorrhage
dabigatran use is superior to that of warfarin because, with comparable effectiveness,
dabigatran was associated with lower rates of recurrent bleeding. In contrast, we observed
that the use of dabigatran was substantially less common than the use of warfarin among
patients who survived a major bleeding event in 2010-2012. The lower tendency to prescribe
dabigatran as compared to warfarin after a major hemorrhage in 2010-2012 may be
explained by two reasons. First, whereas warfarin therapy requires routine INR monitoring,
laboratory coagulation markers are not routinely monitored for patients on dabigatran. In
this context, clinicians may be under the impression that they have more control over the
coagulation status of patients on warfarin than those on dabigatran, particularly in the early
aftermath of a major bleeding event. Second, clinicians may have been especially risk-averse
to prescribe dabigatran during our study period because of the warnings on the risk of severe
bleeding with dabigatran released by the main international regulatory agencies throughout
2011, as well as the lack of antidote to reverse the anticoagulation effects of dabigatran in
the time period that this study captures. In this scenario, patients who were prescribed
dabigatran after the index hemorrhage were likely to be those at lowest risk of recurrent
bleeding. These risk-averse prescription patterns of dabigatran may have introduced residual
confounding in our results for the comparative risk of bleeding events with warfarin and
dabigatran. With the approval in October 2015 of idarucizumab, a dabigatran-binding
monoclonal antibody fragment, prescribers may become more comfortable using dabigatran
in patients who have already suffered a major bleeding event on anticoagulation.13
Therefore, it will be important to repeat analyses similar to ours as newer Medicare Part D
data that represents the period after the approval of idarucizumab become available.

Study Limitations

In addition to the fact that our results reflect the early experience with dabigatran, our study
is subject to three main limitations. First, claims data do not contain laboratory results and
therefore, we did not have information about the INR levels of our study subjects, which
may have affected the decision to restart anticoagulation therapy in patients who bled on
warfarin. Second, we did not stratify our analyses by the anatomical location of the index
bleeding event. The post-hemorrhage clinical outcomes of patients experiencing an
intracranial bleeding, for example, are likely to be different from those who presented with a
gastrointestinal bleeding. Third, we did not stratify by the dose of dabigatran used.
Nevertheless, the use of dabigatran 75mg was relatively uncommon in the period that our
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study represents—Iess than 10% of Medicare beneficiaries with AF on dabigatran were
prescribed dabigatran 75 mg in the first two years after dabigatran approval.14

In this observational study, the resumption of anticoagulation with either dabigatran or
warfarin after a major bleeding event was associated with increased survival and stroke-free
survival, compared to discontinuing anticoagulation. In addition, dabigatran was associated
with lower risk of recurrent hemorrhage than warfarin. Our findings suggest that the benefit/
risk ratio of dabigatran in the prevention of stroke among AF patients who have survived a
major hemorrhage is superior to that of warfarin therapy or anticoagulation discontinuation,
but will need to be validated in other patient cohorts and with more recent data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Age. per 5 years
Male sex
Race

Black vs white

Hispanic vs white

Other race vs white
Medicaid eligible
CHA2DS2-Vasc score
HAS-BLED score - labile INR

No. of other CMS priority comorbidities

Type of bleeding
IC vs GI
Hematuria vs GI
Other vs GI
Length of stay, per 5 days
Use of mtensive care unit
Trasfusion

Corrective surgical procedure

Odds Ratio Resume Dabigatran vs No Anticoagulant Use

(95% Confidence Interval)

No Anticoagulant Use

0.76 (0.63-0.91)
1.08(0.60-1.95)

0.73 (0.26-2.08)

—.—

0.68(0.12-3.74) ————————

0.10(0.01-1.00)
1.48(0.84-2.60)
1.10(0.87-1.37)
1.12(0.79-1.58)
1.03 (0.92-1.16)

1.76 (0.44-6.99)
8.90(2.88-27.53)
0.97 (0.89-1.05)
0.98(0.58-1.65)
0.61 (0.36-1.02)
0.90(0.47-1.73)

%)
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Odds Ratio Switch to Warfarin vs No Anticoagulant Use

Resume Dabigatran

0.72(0.58-0.90)
1.09(0.54-2.19)

0.61 (0.19-1.95)
1.74(0.39-7.81)
0.39(0.06-2.34)
1.69(0.88-3.25)
1.21(0.93-1.57)
0.79(0.52-1.19)
0.94(0.82-1.08)

0.61 (0.19-1.95)
1.74(0.39-7.81)
0.39(0.06-2.34)
1.69(0.88-3.25)
1.21(0.93-1.57)
0.79(0.52-1.19)
0.94(0.82-1.08)

(95% Confidence Interval)

No Anticoagulant Use  Switch to Warfarin

Figure 2. Odds Ratio of Post-Hemorrhage Anticoagulation Use for the Dabigatran Cohort

Notes:

Abbreviations: CMS=Centers for Medicare and Medicaid Services; IC=Intracranial;

Gl=Gastrointestinal.

Results from a multinomial logistic regression model. The odds ratio for restarting
dabigatran as opposed to not using any oral anticoagulation for patients experiencing an
intracranial bleeding compared to those experiencing a gastrointestinal bleeding could not be
estimated because none of the patients undergoing a gastrointestinal bleeding resumed

dabigatran therapy after the index bleeding event.

Stroke. Author manuscript; available in PMC 2018 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hernandez et al.

Page 13

Odds Ratio Resume Warfarin vs No Anticoagulant Use Odds Ratio Switch to Dabigatran vs No Anticoagulant Use
(95% Confidence Interval) (95% Confidence Interval)
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Age, per 5 years 0.89 (0.82-0.96) b 0.87 (0.68-1.13) e
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Hispanic vs white 1.12(0.59-2.12) = 3.50 (0.86-14.30) "
Other race vs white 1.45(0.47-4.46) p=——————————i =
Medicaid eligible 1.27(0.95-1.69) = 0.68 (0.24-1.95) 1
CHA2DS2-Vasc score 1.00 (0.89-1.13) L 0.71 (0.49-1.05) ——
HAS-BLED score - labile INR 0.97(0.81-1.17) et 1.39 (0.78-2.47) i
No. of other CMS priority comorbidities ~ 0.99 (0.93-1.05) b 0.92(0.75-1.12) o
Type of bleeding
IC vs GI 0.21(0.12-034) &— 0.45(0.12-1.71) _—
Hematuria vs GI 2.38(1.32-432) ——e—i  1.11(0.13-943) ——
Other vs GI 1.39(0.96-2.01) —e—— 0.62(0.13-2.86) —_——
Length of stay. per 5 days 0.94(0.86-1.03) o 0.89 (0.58-1.35) —
Use of intensive care unit 0.72(0.55-0.94) —— 1.73 (0.74-4.05) N
Trasfusion 0.69 (0.53-0.89) —e—i 0.83 (0.36-1.93) —
Corrective surgical procedure 1.05(0.76-1.44) ——i 1.17 (0.43-3.13) ——

0.2 2 0.2 2

Figure 3. Odds Ratio of Post-Hemorrhage Anticoagulation Use for the Warfarin Cohort
Notes:

Abbreviations: CMS=Centers for Medicare and Medicaid Services; IC=Intracranial;
Gl=Gastrointestinal.

Results from a multinomial logistic regression model. The odds ratio for switching to
dabigatran as opposed to interrupting anticoagulation for patients of other race compared to
white patients could not be estimated because none of the patients belonging to other racial
minorities switched to dabigatran after the index bleeding event.
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Adjusted Hazard Ratio (95% CT)

) Resumed Dabigatran vs No Oral Switched o Warfari vs No Oral Switched to Werfarin ve Resumed Debigatren
Dabigatran cohort Anticoagulant Use Anticoagulant Use
Effectiveness Outcomes
Ischemic Stroke/Al-Cause Mortality 067 (0.40-1.15) - 0.70(0:38-1.31) et 1.04(0.522.09) ——t
All-Cause Mortality 0.13 (0.03-0.58) —e—— 021 (0.05-0.91) +——e—— 157 (022-11.18) —
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Any Recurrent Hemorthage 0.87(0.58-132) ﬁ 1.04(0.65-1.66) " 120 (0.70-2.00) Ll
0.05 0.5 5 0.05 0.5 5 00 L E
Resumed Warfarin vs No Oral Anticoagulant Swtiched to Dabigatran vs No Oral
Warfarin cohort Use Anticoagulant Use Switched to Dabigatran vs Resumed W arfarin
Effectiveness Outcomes
Ischemic Stroke/All-Cause Mortality ~ 0.75 (0.57-0.98) 0.96 (0.42-2.19) - 128 (0.56-2.94) ——i
All-Cause Mortality 035 (0.23-0.55) WT 0.27(0.04-1.95) — 0.7 (0.11-5.69) —_—
Ischemic Stroke 1.26(0.88-1.80) ot 1.81(0.724.53) e 143 (0.57-3.58) ——t
Safety Outcomes
Major Recurrent Hemorthage 1.60 (1.09-2.36) et 0.38(0.05-2.79) ——— 024 (0.03-1.73) ———
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0.05 05 5 005 05 5 005 05 5
Two cohorts combined Warfarin vs No Oral Antic lant Use Dabij vs No Oral Anticoagulant Use Dabigatran vs Warfarin
Effectiveness Outcomes
. . L] o] e
Ischemic Stroke/All-Cause Mortality  0.76 (0.59-0.97) 0.66 (0.44-0.99) 087 (0.57-133)
All-Cause Mortality 035(0.23-0.53) s ‘ 0.13 0.04-0.41) — 037 (0.11-122) "
Ischemic Stroke 1.27(0.93-1.75) e 1.37(0.86-2.17) e 1.07 (0.68-1.69) b !
Safety Outcomes
Major Recurrent Hemorrhage 1.56 (1.10-2.22) o=t 0.65(0.32-1.33) L 0.42 (0.21-0.84)
Any Recurrent Hemorthage 0.97(0.80-1.17) EL 0.77(0.56-1.07) re- 0.80 (0.58-1.10) T
005 05 s 005 05 5 00505 s
Figure 4.
Adjusted Hazard Ratios of Post-Hemorrhage Clinical Outcomes.
Notes:

Bold denotes statistical significant results.
Hazard ratios were estimated with Cox Proportional Hazard Models.
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