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Abstract

Background: The optimal timing of initiating or resuming anticoagulation after acute ischemic stroke (AIS) or transient 
ischemic attack (TIA) in patients with atrial fibrillation (AF) is debated. Dabigatran, a non-vitamin K oral anticoagulant 
(NOAC), has shown superiority against vitamin K antagonists (VKA) regarding hemorrhagic complications.

Aims: In this registry study, we investigated the initiation of dabigatran in the early phase after AIS or TIA.

Methods: PRODAST (Prospective Record of the Use of Dabigatran in Patients with Acute Stroke or TIA) is a prospec-
tive, multicenter, observational, post-authorization safety study. We recruited 10,039 patients at 86 German stroke 
units between July 2015 and November 2020. A total of 3,312 patients were treated with dabigatran or VKA and were 
eligible for the analysis that investigates risks for major hemorrhagic events within 3 months after early (⩽ 7 days) or 
late (> 7 days) initiation of dabigatran or VKA initiated at any time. Further endpoints were recurrent stroke, ischemic 
stroke, TIA, systemic embolism, myocardial infarction, death, and a composite endpoint of stroke, systemic embolism, 
life-threatening bleeding and death.

Results: Major bleeding event rates per 10,000 treatment days ranged from 1.9 for late administered dabigatran to 4.9 
for VKA. Early or late initiation of dabigatran was associated with a lower hazard for major hemorrhages as compared 
to VKA use. The difference was pronounced for intracranial hemorrhages with an adjusted hazard ratio (HR) of 0.47 
(95% confidence interval (CI): 0.10–2.21) for early dabigatran use versus VKA use and an adjusted HR of 0.09 (95% CI: 
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Introduction

The timing of initiating or resuming of anticoagulation 
after an acute ischemic stroke (AIS) or transient ischemic 
attack (TIA) in patients with atrial fibrillation (AF) is still a 
matter of debate. Early initiation of anticoagulation may 
increase the risk of hemorrhagic transformation (HT) of the 
infarct and thus intracranial hemorrhage (ICH). Delaying 
the initiation of anticoagulation, however, may enhance the 
risk of recurrent ischemic events.1 With one exception,2 
results from randomized controlled trials (RCTs) on the 
timing of anticoagulation3–5 are not yet available and guide-
lines are currently based on expert opinion.6–8 Surveys 
among stroke practitioners on timing of anticoagulation 
following AIS or TIA have shown no consensus in 
decision-making.9,10

Observational studies on the initiation of anticoagula-
tion after AIS or TIA in patients with AF yielded heteroge-
neous findings1,11–14 and the majority of these studies were 
conducted in the era before non-vitamin K dependent anti-
coagulants (NOAC) replaced vitamin K antagonists (VKA). 
NOAC are safer compared to VKA with regard to major 
hemorrhagic complications.15,16 However, the pivotal trials 
leading to the approval of NOAC in patients with AF 
excluded patients with AIS occurring 7–14 days before ini-
tiation of treatment.17–20 Importantly, real-world data on the 
application of NOAC in the first week after AIS or TIA are 
scarce. We hypothesized that the hazards for major hemor-
rhages, most importantly ICH, may also be substantially 
lower in patients in whom NOAC are initiated early after 
AIS or TIA compared to patients who receive VKA.

Aims

The Prospective Record of the Use of Dabigatran in Patients 
with Acute Stroke or TIA (PRODAST; ClinicalTrials.gov 
Identifier: NCT02507856) study was initiated to provide 
real-world evidence on this issue. The main objective of 
PRODAST was the comparison of the 3-month rates of 

major hemorrhagic events between an early (⩽ 7 days) or 
late (> 7 days) initiation of dabigatran in comparison to 
treatment with VKA started at any time, in patients with AF 
and a recent AIS or TIA (⩽ 7 days). In addition to this pri-
mary objective, we investigated additional endpoints, such 
as ischemic stroke, TIA, systemic embolism, myocardial 
infarction, and HT, as well as the survival status depending 
on treatment. We aimed to provide real-world evidence on 
the early treatment with anticoagulants in this vulnerable 
phase of AIS and TIA.

Methods

Study design

Methods and the study design have been published in 
detail.21 PRODAST is a multi-center prospective, observa-
tional, non-interventional post-authorization safety study 
(PASS), which recruited patients with AF who experienced 
a recent (⩽ 7 days) AIS or TIA with AF at 86 German stroke 
units between July 2015 and November 2020. Inclusion 
criteria were age ⩾ 18 years at enrollment, written informed 
consent (IC), AIS or TIA within 7 days before enrollment 
and a diagnosis of non-valvular AF. Exclusion criteria 
included the presence of mechanical heart valves or valve 
disease that was expected to require valve replacement 
intervention (surgical or non-surgical) during the next 
3 months. Patients who were participating in any RCT of an 
experimental drug or device, women of childbearing age 
without anamnestic exclusion of pregnancy, or who were 
not using an effective contraception, as well as nursing 
mothers, were also excluded. All therapeutic procedures 
were at the discretion of the treating physicians. 
Documentation of effective anticoagulation was also the 
responsibility of the respective study centers. For all 
patients, detailed demographic and clinical data were col-
lected during their hospital stay, as previously described in 
detail.21 All patients except those discharged with an NOAC 
other than dabigatran underwent a standardized follow-up 

0.00–13.11) for late dabigatran use versus VKA use. No differences were found between early initiation of dabigatran 
versus VKA use regarding ischemic endpoints.

Conclusions: The early application of dabigatran appears to be safer than VKA administered at any time point with 
regards to the risk of hemorrhagic complications and in particular for intracranial hemorrhage. This result, however, 
must be interpreted with caution in view of the low precision of the estimate.
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after 3 months as well as an assessment of vital status after 
one year, according to the scope of the PASS design. For 
the analysis of the primary study objective, all patients who 
were treated with dabigatran or VKA were considered and 
outcomes of patients on NOAC other than dabigatran, that 
is, factor Xa inhibitors, will be reported elsewhere.

Outcomes

The primary endpoint was defined as major bleeding event 
within 3 months following the index event. Major bleeding 
events were defined as any of the following: a fatal bleed-
ing; intracranial, intraocular, intraspinal, retroperitoneal, 
intraarticular or intramuscular bleeding causing a compart-
ment syndrome; or clinically overt bleeding associated with 
either a decrease in hemoglobin concentration of > 2 g/dL, 
indication for transfusion of two or more units of whole 
blood or packed cells, or indication for surgical interven-
tion. Secondary endpoints were recurrent strokes, recurrent 
ischemic strokes, TIA, systemic/pulmonary embolism, 
myocardial infarction, death, and the composite endpoint, 
which consisted of stroke, systemic embolism, life-threat-
ening bleeding and death. Endpoints occurring during hos-
pitalization were assessed by the respective study sites. 
Following central and on-site data verification, unclear out-
come events were confirmed by an independent clinical 
adjudication committee, taking into account all available 
information. In addition, in unclear cases, medical records 
were retrieved from the general practitioner.

Ethical approval

All patients or their legal representatives provided written 
IC. In the case that IC could not be obtained in a timely 
manner due to the patient’s condition, the appropriate 
investigator was allowed to decide on study inclusion, 
whereupon the IC process was rescheduled as soon as pos-
sible. Ethical approval was provided by the institutional 
review board of the University of Duisburg-Essen (No. 
15-6202-BO). All procedures were conducted in accord-
ance with the national law, the 1964 Declaration of Helsinki 
and its later amendments, and the recommendations of  
the guidelines on Good Clinical Practice and Good 
Epidemiological Practice.

Statistical analysis

Two types of analyses were performed: First, we analyzed 
the initiation-time-specific effects of dabigatran therapy in 
comparison to VKA treatment. For this, a distinction was 
made between dabigatran treatment initiated early, that 
is, ⩽ 7 days, and late, that is, > 7 days, and exposure was 
statistically considered as persistent from the first day of 
dabigatran therapy until the end of the patient’s follow-up. 
Prevalent use of dabigatran at the time of the index event 

was considered as early dabigatran application. Second, we 
performed an analysis directly comparing events under 
actual (current) treatment with dabigatran with VKA inde-
pendent of the initiation time. Each patient’s observed time 
under the respective treatment regimen was considered 
starting at the index event, from the day of treatment initia-
tion, until the occurrence of the endpoint event, censoring 
due to treatment change, an alternative severe event (i.e. 
any endpoint, except TIA), or end of follow-up. Hazard 
ratios (HR) were estimated using crude and adjusted Cox-
proportional hazards regression analyses. Crude models 
were adjusted for age, study site (as random effect), and 
time-varying antithrombotic medication in the categories 
NOAC, VKA, antiplatelets, and non-oral antithrombotic 
medication. Adjusted models included additional risk fac-
tors to correct for confounding or treatment by indication 
bias based on directed acyclic graphs (DAGs) as described 
previously21 (see online Supplemental Figure 1 and adjust-
ment matrix Supplemental Table 1). To account for the 
varying duration of the effect of antithrombotic drugs 
beyond intake, the respective end of therapy was postponed 
by a lag time, as previously described21 (see online 
Supplemental Table 2).

All analyses were conducted using SAS 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Results

Patients’ characteristics

We recruited 10,039 patients in the PRODAST study. A 
total of 3,312 patients were treated with dabigatran or VKA 
and were thus eligible for the analysis of the primary study 
objective. Analyses regarding administration of other anti-
coagulants will be published separately. Overall, 459 
patient-years of dabigatran users and 337 patient-years of 
VKA users were analyzed. Demographical and clinical 
characteristics of the study population are shown in Table 
1. Patients with late initiation of dabigatran more frequently 
underwent mechanical thrombectomy or thrombolysis, or 
had early HT shown by initial cranial imaging. Infarct vol-
umes and the National Institutes of Health Stroke Scale 
(NIHSS) scores were higher in patients who received dabi-
gatran late (median NIHSS score: 5) as compared to 
patients who received dabigatran early or VKA (median 
NIHSS score: 2 and 2, respectively). These observations 
are suggestive of confounding by indication. Supplemental 
Table 3 provides an overview on the actual treatment times 
of different anticoagulants according to the patient groups.

Incidence rates of endpoint events after 
treatment initiation or resumption

As shown in Table 2, the crude incidence rates of endpoint 
events were very low. We observed only three major 



4	 International Journal of Stroke 00(0)

International Journal of Stroke, 00(0)

Table 1.  Patients’ demographic and clinical characteristics of the PRODAST study, Germany, 2015–2022.

Dabigatran (early) Dabigatran (late) VKA

N 1642 274 1396

Age (years, median (5th–95th percentile)) 76 (55–89) 76 (56–89) 80 (63–90)

Sex (female (%)) 700 (43%) 135 (49%) 599 (43%)

Arterial hypertension 1317 (80%) 226 (82%) 1248 (89%)

Diabetes mellitus 408 (25%) 59 (22%) 517 (37%)

Congestive heart failure 145 (9%) 25 (9%) 244 (17%)

Renal insufficiency 12 (1%) 4 (1%) 131 (9%)

Liver insufficiency 16 (1%) 2 (1%) 12 (1%)

Dyslipidemia 686 (42%) 101 (37%) 587 (42%)

Current smoker 168 (10%) 25 (10%) 99 (7%)

Previous smoker 463 (28%) 78 (28%) 413 (30%)

BMI (kg/m², median (5th–95th percentile)) 26.70 (20.90–36.30) 27.30 (21.00–37.70) 26.50 (20.90–36.50)

History of ischemic stroke 320 (19%) 44 (16%) 332 (24%)

History of hemorrhagic stroke 11 (1%) 1 (0%) 5 (0%)

Potential symptomatic arterial stenosis 189 (12%) 38 (14%) 185 (13%)

TIA 409 (25%) 10 (4%) 396 (28%)

National Institutes of Health Stroke Scale (NIHSS) 
(median (5th–95th percentile))

2 (0–15)
(2.1% missing)

5 (0–18)
(2.2% missing)

2 (0–16)
(1.6% missing)

Infarct volume (mL; median (5th–95th percentile)) 0.420 (0.008–12.000)
(57.7% missing)

2.940 (0.030–36.000)
(28.8% missing)

0.675 (0.008–36.800)
(62.0% missing)

Early hemorrhagic transformation (HT) 63 (4%) 42 (15%) 74 (5%)

Thrombolysis 344 (21%) 87 (32%) 110 (8%)

Mechanical thrombectomy 194 (12%) 68 (25%) 124 (9%)

CHA2DS2VASc score (median (5th–95th 
percentile))

5 (3–7) 5 (3–7) 6 (4–7)

Prevalent use of ATT 720 (44%) 72 (26%) 1220 (87%)

Observed patient time (days, median (5th–95th 
percentile) (sum))

92 (6–96) (143,128) 92 (16–100) (24,470) 92 (4–211) (122,954)

Days from index event until discharge from 
hospital (days, median (5th–95th percentile) 
(sum))

6 (2–17) (11,946) 11 (5–30) (3636) 7 (2–20) (11,799)

Days from index event until initiation of ATT 
(days, median (5th–95th percentile))

3 (0–7) 10 (8–30) 5 (1–16)

All data are n (%) unless specified.
PRODAST: Prospective Record of the Use of Dabigatran in Patients with Acute Stroke or TIA; VKA: vitamin K antagonists; BMI: body mass index; 
TIA: transient ischemic attack; NIHSS: National Institutes of Health Stroke Scale; HT: hemorrhagic transformation; CHA2DS2VASc: congestive heart 
failure, hypertension, age ⩾ 75 (doubled), diabetes, stroke (doubled), vascular disease, age 65 to 74 and sex category (female); ATT: antithrombotic 
therapy.
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bleeding events after late initiation of dabigatran, resulting in 
rates per 10,000 treatment days from 1.9 for late adminis-
tered dabigatran to 4.9 for VKA (26 events in total). 
Secondary endpoints were also infrequent, with 7 and 42 
stroke recurrences after late and early initiation of dabigatran 
treatment, respectively, resulting in event rates of 3.8 after 
early dabigatran initiation, 4.4 after late dabigatran initiation, 
and 5.8 per 10,000 treatment days under treatment with 
VKA. Ischemic stroke rates were lower: 3.3, 4.4 and 4.5 per 
10,000 treatment days after early dabigatran initiation, late 
dabigatran initiation and VKA treatment, respectively. After 
late initiation of dabigatran, no TIAs were observed and 
there was only one case each of systemic embolism and 
myocardial infarction. Thirty-day mortality rates were 3.4 
per 10,000 treatment days with VKA, compared with 1.9 and 
2.2 after early and late initiation of dabigatran, respectively.

Comparison of early and late initiation of 
dabigatran with VKA use

Figure 1 presents crude and adjusted effect sizes for early 
and late initiation of dabigatran versus VKA use. Early or 
late initiation of dabigatran was associated with a lower 
rate of major hemorrhages compared with VKA use, 
according to the crude and adjusted analyses (early dabi-
gatran initiation, crude HR (cHR) 0.66; 95% confidence 
interval (CI): 0.34–1.28 and adjusted HR (aHR) 0.68; 95% 
CI: 0.32–1.47; late dabigatran initiation, cHR: 0.32; 95% 
CI: 0.07–1.41 and aHR: 0.10; 95% CI: 0.01–0.68). This 
effect was even more pronounced for the endpoint of ICH 
with an aHR of 0.47 (95% CI: 0.10–2.21) for early dabi-
gatran use versus VKA use and an aHR of 0.09 (95% CI: 
0.00–13.11) for late dabigatran initiation versus VKA use. 

Table 2.  Incidence rates of endpoint events after treatment initiation (events/10,000 treatment days), PRODAST Study, Germany, 
2015–2020.

Dabigatran
(early)

Dabigatran
(late)

Dabigatran
(current use)

VKA
(current use)

Cumulative treatment days 110,736 15,958 113,530 53,312

Major hemorrhage
(cases)

2.2
(24)

1.9
(3)

2.0
(23)

4.9
(26)

ICH
(cases)

0.5
(6)

0.6
(1)

0.4
(5)

1.9
(10)

Hemorrhagic transformation
(cases)

0.3
(3)

0
(0)

0.3
(3)

0.9
(5)

Life-threatening bleeding
(cases)

0.7
(8)

1.3
(2)

0.6
(7)

2.8
(15)

Gastrointestinal bleeding
(cases)

1.2
(13)

1.3
(2)

1.2
(14)

1.5
(8)

Stroke
(cases)

3.8
(42)

4.4
(7)

3.7
(42)

5.8
(31)

Ischemic stroke
(cases)

3.3
(37)

4.4
(7)

3.4
(39)

4.5
(24)

TIA
(cases)

1.5
(17)

0
(0)

1.3
(15)

2.8
(15)

Myocardial infarction
(cases)

0.8
(9)

0.6
(1)

0.8
(9)

1.5
(8)

Systemic embolism
(cases)

0.5
(6)

0.6
(1)

0.4
(5)

0.4
(2)

Mortality
(cases)

1.9
(22)

2.2
(4)

1.4
(17)

3.4
(19)

Composite endpoint
(cases)

8.5
(95)

7.5
(12)

8.0
(78)

14.5
(78)

PRODAST: Prospective Record of the Use of Dabigatran in Patients with Acute Stroke or TIA; VKA: vitamin K anticoagulant; ICH: intracranial 
hemorrhage; TIA: transient ischemic attack.
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Early initiation of dabigatran was associated with a lower 
rate of HT (aHR: 0.51; 95% CI: 0.03–7.96) compared with 
VKA. No HT occurred following late initiation of dabi-
gatran. The effect estimates for systemic embolism were 
imprecise due to the low number of events. No differences 
between early initiation of dabigatran versus VKA use were 
found regarding stroke (aHR: 0.91; 95% CI: 0.52–1.57), 
ischemic stroke (aHR: 1.07; 95% CI: 0.57–1.98) or TIA 
(aHR: 0.96; 95% CI: 0.42–2.21). Late initiation of dabi-
gatran resulted in a higher rate of ischemic strokes com-
pared with VKA use (aHR: 3.55; 95% CI: 1.19–10.61). 
Both early and late dabigatran initiation were associated 
with lower rates of myocardial infarction compared with 
VKA treatment (early initiation aHR: 0.27; 95% CI: 0.07–
1.05; late initiation aHR: 0.04; 95% CI: 0.00–1.84). The 
rates of death and composite endpoints were reduced after 
late initiation of dabigatran compared with VKA use (death 
aHR: 0.73; 95% CI: 0.19–2.85; composite endpoint aHR: 
0.60; 95% CI: 0.25–1.41).

Comparison between current use of 
dabigatran and VKA

Figure 2 presents crude and adjusted effect estimates for 
current use of dabigatran versus VKA. The rate of major 
hemorrhage was reduced by 43% when comparing current 
use of dabigatran with VKA (aHR: 0.57; 95% CI 0.26–
1.25). This effect was even more pronounced for the end-
point ICH, which had a rate reduction of 75% (aHR: 0.25; 
95% CI: 0.04–1.44). The rate of HT was also substantially 
reduced by dabigatran compared with VKA (aHR: 0.25; 
95% CI: 0.02–2.99). The rates of AIS and TIA were not dif-
ferent between current dabigatran use (AIS aHR: 1.36; 

95% CI: 0.74–2.50; TIA aHR: 0.91; 95% CI: 0.40–2.09) 
and VKA use. Dabigatran use had a preventive effect on 
incident myocardial infarctions compared with VKA (aHR: 
0.35; 95% CI: 0.10–1.24), whereas the effect estimation 
was imprecise for incident systemic embolisms (aHR: 3.39; 
95% CI: 0.23–49.56) due to small number of events. The 
mortality rate was nearly halved by use of dabigatran com-
pared with VKA (aHR: 0.53; 95% CI: 0.24–1.19) and the 
composite endpoint occurred less frequently (aHR: 0.83; 
95% CI: 0.56–1.25).

Discussion

The main findings of this study are: (1) In the real-world 
setting, rates of recurrent vascular events are generally low 
following initiation of anticoagulants in patients with AIS 
or TIA due to AF, (2) irrespective of the timing of initiation, 
dabigatran appears to be associated with a lower hazard for 
major hemorrhages as compared to VKA use, (3) this is 
especially true for intracranial hemorrhages, (4) there are 
no substantial differences between early initiation of dabi-
gatran versus VKA use regarding ischemic endpoints. 
Anticoagulation with NOAC in patients with AF has been 
shown superiority against the use of VKA concerning major 
hemorrhagic complications.15 However, prior to this study, 
there was still uncertainty, whether the initiation of antico-
agulation with NOAC is safe also in the very early phase 
after AIS or TIA. In the RCTs that led to the approval of 
NOAC, patients with recent AIS were excluded. Large 
observational studies, which focused on the use of NOAC, 
are limited and also included almost exclusively patients in 
whom the stroke had happened weeks before.22 The recently 
published Timing of Oral Anticoagulant Therapy in Acute 

Figure 1.  Case numbers and estimated hazard ratios (with 95% confidence intervals) for early/late use of dabigatran compared 
to current use of VKA. Highlighted estimates are from adjusted models. (a) Hemorrhagic endpoints, death, and composite 
endpoint; and (b) ischemic endpoints. CI: confidence interval; EP: endpoint; HR: hazard ratio; ICH: intracranial hemorrhage; NE: 
not estimable; TIA: transient ischemic attack; VKA: vitamin K antagonists.
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Ischemic Stroke With Atrial Fibrillation (TIMING) study 
was the first RCT on this topic and showed that early initia-
tion of anticoagulation was noninferior to delayed initiation 
concerning a composite endpoint of ischemic stroke, death, 
and ICH.2 The results of other currently ongoing RCTs, that 
is, ELAN,5 OPTIMAS,4 and START,3 are eagerly awaited. 
Real-world evidence reflecting the initiation or resumption 
of anticoagulants in daily practice is crucial as a comple-
ment to data derived from RCTs. Precisely, in this study, we 
were interested in whether an early start of dabigatran after 
AIS or TIA is safer than use of VKA.

PRODAST is the largest prospective study, which is 
dedicated to the issue of anticoagulation in the early phase 
following AIS or TIA in patients with AF. In this analysis 
focusing on the initiation of dabigatran in comparison to 
VKA, we were able to investigate data from in total 3312 
patients for whom detailed characteristics and follow-up 
data for up to 3 months were prospectively collected.

Our data show that, in general, the rates of recurrent vas-
cular events were very low following initiation of antico-
agulants. Compared to previous observational studies 
which were conducted in the pre-NOAC era,1,11 the rates of 
outcome events in PRODAST are substantially lower, 
which must be interpreted as a recent improvement of sec-
ondary stroke prevention in routine clinical practice.

In the Randomized Evaluation of Long Term 
Anticoagulant Therapy With Dabigatran etexilate (RE-LY) 
trial that led to the approval of dabigatran for secondary 
stroke prevention, dabigatran was at least as effective in 
preventing AIS and safer in regard to hemorrhagic compli-
cations compared to warfarin.17 Our analysis now provides 
evidence that this observation holds true also in the early 
phase following AIS and TIA in a real-world setting. This is 

in accordance with findings from a pooled analysis of dif-
ferent observational studies.23 One shortcoming of observa-
tional studies is confounding by indication. This becomes 
apparent in the patient characteristics, which show that 
physicians favored later use of dabigatran in patients with 
more severe strokes. Patients who were treated with throm-
bolysis or mechanical thrombectomy, and those who 
already had HT shown by initial imaging, were more likely 
to receive anticoagulation later. To account for the complex 
causal structures behind this decision-making, we applied 
DAGs in detail to identify appropriate adjustment sets to 
estimate the total effect of the use of anticoagulation on the 
endpoints.

When comparing early or late initiation of dabigatran 
with VKA use, the rates for major hemorrhagic events were 
substantially lower in dabigatran-treated patients after 
adjustment for confounders. The rate for ICH was reduced 
by 54%, and 91% when comparing early or late dabigatran 
initiation with VKA use, respectively. The observation that 
delayed initiation with dabigatran may be associated with 
higher rates of ischemic stroke is consistent with clinical 
experience and existing evidence from previous observa-
tional studies.1

Considering outcome events occurring under the current 
treatments, we observed similar results: compared with 
VKA, current use of dabigatran reduced the rate of major 
hemorrhages, in particular ICH, myocardial infarction, and 
death. Ischemic strokes, however, were not prevented by 
current dabigatran treatment compared with VKA 
treatment.

The clear strength of our study is the multicenter, pro-
spective design, which accurately represents the real-world 
administration of anticoagulants after AIS and TIA in a 

Figure 2.  Case numbers and hazard ratio estimates (with 95% confidence intervals) for current use of dabigatran compared 
to current use of VKA. Highlighted estimates are from adjusted models. (a) Hemorrhagic endpoints, death, and composite 
endpoint; and (b) ischemic endpoints. CI: confidence interval; EP: endpoint; HR: hazard ratio; ICH: intracranial hemorrhage; TIA: 
transient ischemic attack; VKA: vitamin K antagonists.
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large sample. Nevertheless, despite the large sample size, 
the precision of estimates was low for all endpoint analyses 
due to the low number of events. Therefore, the findings 
must be interpreted with caution and require replication in 
analyses of larger samples. Of note, the average severity of 
stroke was relatively low in all groups, constraining the 
generalizability of the results to more severely affected 
patients. Further limitations arise from the observational 
design, which may lead to potential residual confounding 
despite all efforts to address these in multivariable  
models and the application of DAGs. The detailed collec-
tion of covariates allowed a stringent adjustment for 
de-confounding.

In conclusion, in this large prospective real-world study, 
the rates of recurrent vascular events were generally low 
after acute AIS or TIA in patients with AF who were treated 
with dabigatran or VKA. After adjustment for confounders, 
the early initiation of dabigatran appeared to be safer than 
VKA administered at any time point with regards to hemor-
rhagic complications, including ICH. However, due to the 
low precision of the estimation, this result must be inter-
preted with caution. In accordance with the results of the 
RE-LY study, incidences of ischemic endpoints were not 
different between dabigatran and VKA use. Additional 
analyses of the PRODAST study, as well as the results of 
the currently awaited RCTs, will provide further evidence 
on NOAC initiation after cardio-embolic AIS and TIA. 
More precisely, we will investigate the ideal starting time to 
initiate NOAC treatment following AIS or TIA, as a com-
plement to the TIMING study and the other currently 
awaited RCTs.

Acknowledgement

The authors thank all investigators and patients for their participa-
tion in the PRODAST study.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: H-CD has received honoraria for participation in clinical 
trials, contribution to advisory boards or oral presentations from: 
Abbott, BMS, Boehringer Ingelheim, Daiichi-Sankyo, Novo-
Nordisk, Pfizer, Portola, and WebMD Global. Boehringer 
Ingelheim provided financial support for research projects. H-CD 
received research grants from the German Research Council 
(DFG) and German Ministry of Education and Research (BMBF). 
H-CD serves as editor of Neurologie up2date, Info Neurologie & 
Psychiatrie and Arzneimitteltherapie, as co-editor of Cephalalgia, 
and on the editorial board of Lancet Neurology and Drugs. GR 
received speaker’s honoraria and reimbursement for congress 
traveling and accommodation from Boehringer-Ingelheim, 
Bristol-Myers Squibb, Daiichi Sankyo and Pfizer. SP received 
research support from BMS/Pfizer, Boehringer-Ingelheim, 
Daiichi Sankyo, European Union, German Federal Joint 
Committee Innovation Fund, and German Federal Ministry of 

Education and Research, Helena Laboratories and Werfen as well 
as speakers’ honoraria/consulting fees from Alexion, AstraZeneca, 
Bayer, Boehringer-Ingelheim, BMS/Pfizer, Daiichi Sankyo, 
Portola, and Werfen (all outside the submitted work). KG received 
support by Alexion Pharma Germany GmbH, Abbott Medical 
GmbH, Boehringer Ingelheim, Bristol-Myers Squibb, Pfizer 
Pharma GmbH, Springer Medizin Verlag GmbH. CCE is an 
employee of Boehringer Ingelheim. The other authors declare no 
conflicts of interest related to the content of the presented work.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: The 
PRODAST study was funded by an unrestricted grant from 
Boehringer Ingelheim.

ORCID iDs

Gerrit M Grosse  https://orcid.org/0000-0002-5335-9880

Karin Weissenborn  https://orcid.org/0000-0002-1157-8938

Klaus Gröschel  https://orcid.org/0000-0002-0244-6116

Sven Poli  https://orcid.org/0000-0002-0286-8781

Christoph C Eschenfelder  https://orcid.org/0000-0003-2766- 
2488

Hans-Christoph Diener  https://orcid.org/0000-0002-6556-8612

Supplemental material

Supplemental material for this article is available online.

References

	1.	 Seiffge DJ, Werring DJ, Paciaroni M, et al. Timing of antico-
agulation after recent ischaemic stroke in patients with atrial 
fibrillation. Lancet Neurol 2019; 18: 117–126.

	2.	 Oldgren J, Åsberg S, Hijazi Z, et al. Early versus delayed non–
vitamin K antagonist oral anticoagulant therapy after acute 
ischemic stroke in atrial fibrillation (TIMING): a registry-
based randomized controlled noninferiority study. Circulation 
2022; 146: 1056–1066.

	3.	 King BT, Lawrence PD, Milling TJ, et  al. Optimal delay 
time to initiate anticoagulation after ischemic stroke in atrial 
fibrillation (START): methodology of a pragmatic, response– 
adaptive, prospective randomized clinical trial. Int J Stroke 
2019; 14: 977–982.

	4.	 Best JG, Arram L, Ahmed N, et al. Optimal timing of anti-
coagulation after acute ischemic stroke with atrial fibrillation 
(OPTIMAS): protocol for a randomized controlled trial. Int J 
Stroke 2022; 17: 583–589.

	5.	 Fischer U, Trelle S, Branca M, et  al. Early versus late ini-
tiation of direct oral anticoagulants in post–ischaemic stroke 
patients with atrial fibrillation (ELAN): protocol for an inter-
national, multicentre, randomised–controlled, two–arm, open, 
assessor-blinded trial. Eur Stroke J 2022; 7: 487–495.

	6.	 Klijn CJ, Paciaroni M, Berge E, et al. Antithrombotic treat-
ment for secondary prevention of stroke and other thrombo-
embolic events in patients with stroke or transient ischemic 
attack and non–valvular atrial fibrillation: a European Stroke 
Organisation guideline. Eur Stroke J 2019; 4: 198–223.

https://orcid.org/0000-0002-5335-9880
https://orcid.org/0000-0002-1157-8938
https://orcid.org/0000-0002-0244-6116
https://orcid.org/0000-0002-0286-8781
https://orcid.org/0000-0003-2766-2488
https://orcid.org/0000-0003-2766-2488
https://orcid.org/0000-0002-6556-8612


Grosse et al.	 9

International Journal of Stroke, 00(0)

	7.	 Kleindorfer DO, Towfighi A, Chaturvedi S, et al. 2021 guide-
line for the prevention of stroke in patients with stroke and 
transient ischemic attack: a guideline from the American 
Heart Association/American Stroke Association. Stroke 2021; 
52: e364–e467.

	8.	 Steffel J, Collins R, Antz M, et  al. 2021 European heart 
rhythm association practical guide on the use of non-vitamin 
K antagonist oral anticoagulants in patients with atrial fibril-
lation. Europace 2021; 23: 1612–1676.

	9.	 Rybinnik I, Wong S, Mehta D, et al. Anticoagulation choice 
and timing in stroke due to atrial fibrillation: a survey of US 
stroke specialists (ACT–SAFe). J Stroke Cerebrovasc Dis 
2020; 29: 105169.

	10.	Munn D, Abdul–Rahim AH, Fischer U, et  al. A survey of 
opinion: when to start oral anticoagulants in patients with 
acute ischaemic stroke and atrial fibrillation? Eur Stroke J 
2018; 3: 355–360.

	11.	Paciaroni M, Agnelli G, Falocci N, et al. Early recurrence and 
cerebral bleeding in patients with acute ischemic stroke and 
atrial fibrillation. Stroke 2015; 46: 2175–2182.

	12.	Yaghi S, Trivedi T, Henninger N, et al. Anticoagulation timing 
in cardioembolic stroke and recurrent event risk. Ann Neurol 
2020; 88: 807–816.

	13.	Wilson D, Ambler G, Banerjee G, et al. Early versus late anti-
coagulation for ischaemic stroke associated with atrial fibrilla-
tion: multicentre cohort study. J Neurol Neurosurg Psychiatry 
2019; 90: 320–325.

	14.	Mizoguchi T, Tanaka K, Toyoda K, et al. Early initiation of 
direct oral anticoagulants after onset of stroke and short- and 
long-term outcomes of patients with nonvalvular atrial fibril-
lation. Stroke 2020; 51: 883–891.

	15.	Diener HC, Hankey GJ, Easton JD, et al. Non-vitamin K oral 
anticoagulants for secondary stroke prevention in patients 
with atrial fibrillation. Eur Heart J Suppl 2020; 22: I13–I21.

	16.	Bruins Slot KMH and Berge E. Factor Xa inhibitors ver-
sus vitamin K antagonists for preventing cerebral or sys-
temic embolism in patients with atrial fibrillation. Cochrane 
Database Syst Rev 2018; 3: CD008980.

	17.	Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran ver-
sus warfarin in patients with atrial fibrillation. N Engl J Med 
2009; 361: 1139–1151.

	18.	Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus 
warfarin in nonvalvular atrial fibrillation. N Engl J Med 2011; 
365: 883–891.

	19.	Granger CB, Alexander JH, McMurray JJV, et al. Apixaban 
versus warfarin in patients with atrial fibrillation. N Engl J 
Med 2011; 365: 981–992.

	20.	Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus 
warfarin in patients with atrial fibrillation. N Eng J Med 2013; 
369: 2093–2104.

	21.	Grosse GM, Weimar C, Kuklik N, et al. Rationale, design and 
methods of the prospective record of the use of dabigatran 
in patients with Acute Stroke or TIA (PRODAST) study. Eur 
Stroke J 2021; 6: 438–444.

	22.	Huisman MV, Teutsch C, Lu S, et al. Dabigatran versus vita-
min K antagonists for atrial fibrillation in clinical practice: 
final outcomes from phase III of the GLORIA-AF registry. 
Clin Res Cardiol 2022; 111: 548–559.

	23.	Seiffge DJ, Paciaroni M, Wilson D, et al. Direct oral antico-
agulants versus vitamin K antagonists after recent ischemic 
stroke in patients with atrial fibrillation. Ann Neurol 2019; 85: 
823–834.


