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Abstract

Purpose: Patients with stroke are at high risk of recurrence of vascular events.

Non-vitamin K oral anticoagulant (NOAC) and vitamin K antagonists (VKA) are used

as secondary prophylaxis. The aim of this study was to evaluate the utilization of

NOAC and VKA, and their impact on re-stroke or death in Austria.

Methods: We analyzed retrospective data between 2012 and 2017 from medical ser-

vices covered by the health insurance funds, which provides health care for all resi-

dents in Austria. Patients without anticoagulant medication 3 months preceding the

index event were eligible.

Results: 76 354 patients were discharged with a hospital diagnosis of stroke. From

these, 16 436 patients with a median age of 78 years received VKA or NOAC. After

adjustment, the recurrence of stroke was less frequent in patients with NOAC com-

pared to those with VKA (HR 0.87; 95%CI 0.77–0.97). However, there was no differ-

ence in mortality rate after adjustment for age, sex, and co-morbidities for patients

with NOAC (HR 1.0; 95%CI 0.92–1.08). Diabetes (HR 1.25, 95%CI 1.08–1.45; HR

1.25, 95% CI 1.13–1.38) and cardiovascular disease (HR 1.43, 95%CI 1.24–1.65; HR

1.27, 95%CI 1.16–1.39) were significantly associated with re-stroke or death. Youn-

ger age (p = 0.0028; HR 0.99, 95%CI 0.99–0.99) was significantly associated with re-

stroke, and advanced age (p < 0.0001; HR 1.09, 95%CI 1.08–1.09) with death.

Conclusion: NOAC prescription is related with a reduced risk of re-stroke but

increased mortality compared to patients with VKA. The event risk is associated with

diabetes, cardiovascular disease and age.
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Key Points

• In addition to primary prevention, oral anticoagulation therapy in patients with stroke is asso-

ciated with additional protection against future cerebrovascular events in our real life

analysis.

• The risk of recurrent stroke and patients survival depends on the treatment choice, especially

between non-vitamin K oral anticoagulant and vitamin K antagonists.

• Co-morbidities such as chronic kidney disease, respiratory disease, and cardiovascular dis-

ease as well as diabetes are associated with patients outcome.

1 | INTRODUCTION

Vitamin K antagonists (VKA) and non-vitamin K oral anticoagulants

(NOAC) are used for prevention of stroke and systemic embolism in

patients with atrial fibrillation. Over the past few years, the NOAC

dabigatran, rivaroxaban, apixaban, and edoxaban have become avail-

able for clinical use and offer several advantages over VKA.1 How-

ever, in some cases careful dosing is required to avoid an increased

bleeding risk.2

Patients with a history of stroke are at high risk of recurrence of

vascular events including stroke. The resulting morbidity, mortality,

and health care costs drive the prevention of these events as an

important goal in the disease management of these patients.3 While

controlled clinical trials have demonstrated the efficacy of treatment

with VKA or NOAC in primary or secondary prevention, these stud-

ies do not necessarily reflect real life and long-term effectiveness of

anticoagulant treatment in the general population after a stroke

event.

The aim of this retrospective epidemiological study was to evalu-

ate the utilization of NOAC and VKA, and their impact on re-stroke or

death in anticoagulant-naive adult patients discharged with an index-

stroke diagnosis in Austria between 2012 and 2017.

2 | METHODS

2.1 | Data preparation

Data from medical services covered by health insurance funds are

stored in the respective databases, which include demographic

data, information on hospital discharge diagnoses and reimbursed

drug prescriptions. Each drug is described by the unique Austrian

pharmaceutical registration number, which is linked to the Ana-

tomical Therapeutic Chemical (ATC) Classification System. We

analyzed data between 2012 and 2017 from Austrian health insur-

ance funds covering about 98% of the Austrian population. Data

storage and handling were in agreement with data protection

laws. Patient data were pseudonymised to preserve patients'

privacy.

2.2 | Cohort selection

Patients aged 18 years or older with a hospital discharge diagnosis of

stroke or TIA (ICD code: G45, I61, I63, and I64) were eligible for this

study. ATC codes and sub-codes B01AF01, B01AF02, and B01AE07

identified patients with NOAC, and B01AA including sub-codes those

receiving VKA, respectively. Only patients with discharge diagnosis of

stroke with no anticoagulant therapy 3 months prior to the index

event and a medication intake in the first 3 months after the index

event were considered for further analysis. Diabetes, arrhythmia, car-

diovascular (CV) disease, impaired renal function, respiratory disease,

ventricular septal defect, gastrointestinal (GI) bleeding, and thrombosis

and embolism were defined as co-morbidities. ACT codes and sub-

codes for these comorbidities are listed in the Appendix 1.

2.3 | Statistical methods

The continuous variable age was described by median, minimum and

maximum. Categorical data are described by absolute frequencies and

percentages. Survival estimates for overall mortality are shown by

Kaplan–Meier curves and groups are compared by a log-rank test. Cumu-

lative incidence curves are shown for the competing events of re-stroke

and death. Cox regression model is used to estimate effects of OAKs,

age, sex, and co-morbidities on re-stroke or death in an univariate or mul-

tiple manner. Covariate effects are quantified by hazard ratios (HR) and

corresponding 95% confidence intervals (95% CI). All p-values ≤0.05 were

considered statistically significant. Statistical analysis was performed by

the statistical software SAS® (Version 9.4, ©SAS Institute Inc., Cary, NC).

3 | RESULTS

76 354 patients with an index-stroke diagnosis between 2012 and

2017 were identified. From these, 16 436 patients with a median age

of 78 years (range, 18–103 years) were discharged with VKA or NOAC

(Figure 1). Table 1 presents patient characteristics and co-morbidities at

index-stroke diagnosis. The median follow-up period for patients under

study was 30 months with a maximum of 72 months.
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3.1 | Anticoagulation treatment after index-stroke

In total, 4127 patients with VKA (25.1%; 3854 [23.4%] with VKA pre-

scription alone) with a median age of 75 years (range, 18–98, for both

groups), 3620 with dabigatran (22.0%; 3332 [20.3%] with dabigatran

alone) with a median age of 76 years (range, 22–99, for both groups),

4411 with rivaroxaban (26.8%; 4104 [25.0%] with rivaroxaban alone)

with a median age of 79 years (range, 24–103, for both groups), 4672

with apixaban (28.4%; 4424 [26.9%] with apixaban alone) with a

median age of 80 years (range, 24–102, for both groups), 190 with

edoxaban (1.2%; 153 [0.9%] with edoxaban alone) with a median age

of 78 years (range, 30–99 or 46–99, respectively for the two groups)

were retrospectively observed for occurrence of an endpoint after

index-stroke. 569 (3.5%) prescription switches between anticoagulant

medicines were noted.

3.2 | Re-stroke and overall survival analysis after
index-stroke

3077 patients died after discharge without re-stroke and 1618 were

diagnosed with a re-stroke. From 1618 patients with stroke,

506 patients died. Table 2 and Figure 2 present patient's survival

according to their anticoagulant treatment regime (VKA or NOAC)

during the observation period.

After adjustment for age, sex, and co-morbidities the recurrence

of stroke remained less frequent in patients with NOAC (HR 0.87;

95%CI 0.77–0.97), followed by the group of patients with oral antico-

agulant (OAC) switch (HR 0.88; 95 %CI 0.60–1.29) compared to those

with VKA. In contrast, the effect on mortality was no longer statisti-

cally detectable after adjustment for age, sex, and co-morbidities for

patients with NOAC (HR 1.0; 95%CI 0.92–1.08) and for those with

OAC switch (HR 1.0; 95 %CI 0.77–1.29) compared to patients

with VKA (Figure 2).

3.3 | Co-morbidities associated with re-stroke and
overall mortality

Diabetes (n = 1662 [10.0%]; p = 0.0031, HR 1.25, 95%CI 1.08–1.45),

CV disease (n = 1807 [11%]; p < 0.0001; HR 1.43, 95%CI 1.24–1.65),

medical history of thrombosis and embolism (n = 130 [0.8%];

p = 0.0240; HR 1.63, 95%CI 1.07–2.49), and younger age

(p = 0.0028; HR 0.994, 95%CI 0.989–0.998) were significantly associ-

ated with re-stroke. Impaired renal function was associated with re-

stroke (n = 812 [4.9%]; p = 0.0777; HR 1.20, 95%CI 0.98–1.47), butF IGURE 1 Flow chart

TABLE 1 Co-morbidities defined by ICD-10 codes or concomitant medical therapy in patients with index-stroke diagnosis who were
discharged with VKA or NOAC. Variables are described by median (minimum-maximum) or number (%)

Female (n = 8662) Male (n = 7774)

Age (years) 80 (18–103) 75 (20–103) 78 (18–103)

Arrhythmia 2426 (28.0%) 1966 (25.3%) 4392 (26.7%)

Cardiovascular disease 847 (9.8%) 960 (12.4%) 1807 (11.0%)

Diabetes 827 (9.6%) 835 (10.7%) 1662 (10.0%)

Impaired renal function 425 (4.9%) 387 (5.0%) 812 (4.9%)

Respiratory disease 190 (2.2%) 273 (3.5%) 463 (2.8%)

Atrial or ventricular septal defect 81 (0.9%) 106 (1.4%) 187 (1.1%)

Medical history of thrombosis and embolism 81 (0.9%) 49 (0.6%) 130 (0.8%)

Gastrointestinal bleeding at index-stroke 26 (0.3%) 26 (0.3%) 52 (0.3%)
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not on a statistically significant level. There was no significant associa-

tion between sex, arrhythmia, respiratory disease, GI-bleeding, or ven-

tricular septal defect and re-stroke.

Mortality was significantly associated with advanced age

(p < 0.0001; HR 1.086, 95%CI 1.081–1.09), diabetes (n = 1662

[10.0%]; p < 0.0001; HR 1.25, 95%CI 1.13–1.38), CV disease

(n = 1807 [11.0%]; p < 0.0001; HR 1.27, 95%CI 1.16–1.39), respira-

tory disease (n = 463 [2.8%]; p < 0.0001; HR 1.44, 95%CI 1.23–1.68),

and impaired renal function (n = 812 [4.9%]; p < 0.0001; HR 1.34,

95%CI 1.19–1.50). Female patients (n = 8662) had a significant lower

overall mortality rate compared to males after adjustment for age

(p = 0.0013; HR 0.89, 95%CI 0.84–0.96), whereas without adjustment

older female patients died earlier compared to younger male patients

(Figure 3). Patients with ventricular septal defect had a lower overall

mortality (n = 187; p = 0.0440; HR 0.59, 95%CI 0.36–0.99) compared

to other patients. There was no association between arrhythmia,

thrombosis and GI-bleeding and mortality.

TABLE 2 Number of re-stroke or death during the observation
period in patients grouped by anticoagulant treatment

Oral anticoagulanta (total number) Re-stroke n(%) Death n(%)

VKA (n = 4127) 491 (11.9%) 762 (18.5%)

Dabigatran (n = 3620) 390 (10.8%) 517 (14.3%)

Rivaroxaban (n = 4311) 442 (10.0%) 1031 (23.4%)

Apixaban (n = 4672) 354 (7.6%) 849 (18.2%)

Edoxaban (n = 190) 0 11 (5.8%)

aPatients with an oral anticoagulant treatment switch are included in

groups of initial OAC treatment.

F IGURE 2 Patient outcome after
index-stroke in patients receiving
VKA (left panel) and NOAC (right
panel). Cumulative incidences for
re-stroke (solid line) and death
(dashed line) events are indicated

F IGURE 3 Overall survival of
patients grouped by sex (male: solid
line, female: dashed line). Event
curves indicate re-stroke or death and
are not adjusted for age
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3.4 | Subgroup analysis of oral anticoagulant
treatment associated with re-stroke and overall
mortality

Patients with dabigatran (HR 1.15, 95%CI 1.02–1.28) and VKA

(HR 1.20, 95%CI 1.08–1.34) had a significantly higher risk for re-

stroke when compared to those without the respective OAC treat-

ment. Patients with apixaban (HR 0.77, 95%CI 0.68–0.86) had a sig-

nificantly lower risk for re-stroke compared to those without the

respective OAC. Rivaroxaban (HR 0.99; 95%CI 0.88–1.10) had no

effect on re-stroke, when compared to patients without this OAC. In

the multivariate analysis, when taking all OAC simultaneously into

account, only patients with VKA (HR 1.38, 95%CI 1.09–1.75) and

dabigatran (HR 1.34, 95%CI 1.60–1.70) had a significantly increased

risk for re-stroke. Edoxaban was not part of this analysis due to the

small number of prescriptions and the lack of re-stroke events.

Patients with rivaroxaban (HR 1.24; 95%CI 1.15–1.32) and

apixaban (HR 1.27, 95%CI 1.18–1.37) had a significantly increased risk

of mortality, whereas patients with dabigatran (HR 0.75, 95%CI 0.68–

0.81) and VKA (HR 0.80, 95%CI 0.74–0.86) had a significantly

decreased risk of mortality, when compared to patients without the

respective OAC. Edoxaban had no effect on the risk of mortality

(HR 0.86; 95%CI 0.48–1.56). In the multivariate analysis, when taking

all OAC into account simultaneously, only patients with VKA

(HR 0.81, 95%CI 0.67–0.98) and dabigatran (HR 0.75, 95%CI 0.61–

0.91) had a significantly lower risk of mortality.

4 | DISCUSSION

In this retrospective population-based study, we assessed the risk of

re-stroke or death in a large nationwide cohort of patients without

anticoagulant medication preceding an index stroke. The group of

patients with VKA or NOAC treatment was selected because these

medicines are available to mitigate the risk of recurrence of ischemic

events, but real life experiences are limited. In our population sample,

the presence of atrial arrhythmia was not a prerequisite for anticoagu-

lant treatment.

One of our major findings is that patients treated with NOAC had

a smaller risk for re-stroke, but a higher risk for overall mortality than

those receiving VKA. A similar reduction in cerebrovascular events

has been shown in a previous observational study in atrial fibrillation

patients with intracerebral hemorrhage in Denmark.4 Results from

previous randomized clinical trials with dabigatran,5 rivaroxaban,6 or

apixaban7 are consistent with our findings.

In our retrospective study the survival curve crossed the stroke

recurrence curve earlier under NOAC than under VKA (Figure 2).

Mortality between each individual oral anticoagulant in our study is in

line with findings from the RE-LY (VKA 36% vs. dabigatran 35%

[150 mg] and 41% [110 mg]),8,9 ROCKET-AF (VKA 50%

vs. rivaroxaban 48%),10 and ARISTOTLE (VKA 42.3% vs. apixaban

45.3%).11 However, less than 20% of the study population in these

prospective trials had a history of stroke. It should be noted that

patients with NOAC were on average older than those receiving VKA.

A possible explanation for the reduced overall mortality in patients

receiving VKA in our study is that those patients are more closely

monitored by scheduled visits for VKA dose adjustment. Notably, our

data show that OAK is increasingly prescribed to patients aged over

75 years in Austria. These results are in line with a previous investiga-

tion on prescribing patters of OAK in the elderly in Austria, and

Denmark.12,13

Another major finding in the present study is that after adjust-

ment for age, female sex was associated with a lower risk for mortal-

ity, which is in agreement with results from a Swedish registry.14

Stroke is well known to be a disease of elderly,15 but with increasing

prevalence of cardiovascular risk factors in young adults a shift of

stroke burden towards younger patients has been discussed.16 These

findings are in agreement with our results.

In our subgroup analysis, we found a significant difference in the

risk of re-stroke for dabigatran and VKA compared to patient with

other OAC. In contrast, a registry study from Norway reported no sig-

nificant difference in occurrence of re-stroke when comparing NOAC

with VKA in patients with atrial fibrillation.17 The lack of information

on disease severity may be another reason for this contrast. However,

intracranial bleeding was shown to be lower for NOAC when com-

pared with VKA,17 which is in line with our results. In contrast to our

results, a previous Danish study reported a significantly lower risk for

intracranial bleedings for patients with dabigatran compared with

VKA.18 The observation period in our study was longer, but we had

no information on other stroke or bleeding risk factors, compared to

the Danish and Norwegian study. It should be noted that dabigatran

and rivaroxaban were the first (2008), apixaban the second (2011),

and edoxaban the third (2015) NOAC available in Austria. Thus, data

on edoxaban were limited due to the short observation period. The

prescription charges per package for each individual NOAC are identi-

cal in Austria.

Our results from subgroup analysis suggest a higher risk of mor-

tality in patients with rivaroxaban and apixaban compared to patients

with other OAC. VKA and dabigatran were associated with a lower

risk for mortality when compared to patients with other OAC. How-

ever, these results were not corrected for co-variables such as age,

gender, and comorbidities. This effect on mortality should be studied

more closely in further trials to detect a potential bias.

Our study has also analyzed the association between co-

morbidities and outcome in patients treated with VKA or NOAC. In

the present study diabetes was associated with re-stroke or death.

The difference in patient survival between diabetic and non-diabetic

stroke patients has been shown previously in a Swedish population-

based study (HR = 1.66)19 and in a Danish cohort study

(HR = 1.74).20 Furthermore, our investigation showed an association

between impaired renal function and re-stroke or death, which is in

line with findings from a previous study.21 It remains unclear if the

presence of kidney disease simply reflects the fragility of patient's

condition.

The multivariate analysis further revealed an association between

risk of death and concomitant respiratory disease. Previous
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epidemiological studies from Sweden, Germany, and Norway reported a

higher prevalence of respiratory diseases in stroke patients (7%, 7.1%,

and 3.3%, respectively) compared to the general population (0.8–

3.6%).22–24 The interaction between concomitant respiratory disease

and stroke has been discussed before,25 but the underlying mechanism

has not yet been identified.

The association of cardiovascular disease with re-stroke and mor-

tality is well established26 and has also been demonstrated in our

cohort. However, our findings regarding the reduced mortality risk of

patients with septal defects may be due to the small number

of patients in this subgroup, treatment in specialist care, or subject to

chance.

GI-bleeding is one of the typical adverse events in patients with

OAC. In our anticoagulant-naive population the number of GI-

bleeding was small after initiating treatment with NOAC or VKA and

only eight events were reported in total. Since these data were col-

lected retrospectively by using hospital discharge ICD-diagnoses, we

did not have access to information on gastroscopy in out-patients, nor

data on blood transfusion or bleeding severity.

4.1 | Limitations

There are several limitations in this retrospective observational study.

To identify our study population ICD-10 coding was used, but further

information on the severity of stroke or the location of cerebral

lesions was not available. The claims database of the health insurance

funds does not include clinical information such as laboratory parame-

ter, disease severity, and other ambulatory treatments. Furthermore,

there was no recommendation for the treatment with NOAC or VKA

related to the severity of the clinical condition. The decision for a par-

ticular anticoagulant medicine was made by physicians independently

and therefore may be subject to some selection or indication bias

Moreover, information on medication dosage and patient's medical

adherence were not available.

4.2 | Conclusion

In this large observational study we found a difference in the risk of

re-stroke and death among anticoagulant-naive stroke patients receiv-

ing NOAC compared to VKA. However, concomitant diseases are

associated with clinical outcome and reduce the relative risk differ-

ence between treatment regimens.
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