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Abstract

Background: Anticoagulation with vitamin K antagonists and non-vitamin K antagonists oral anticoagulants (NOAC) is

effective in stroke prevention in patients with atrial fibrillation. However, anticoagulation also poses a major challenge for

emergency treatment of patients suffering ischaemic stroke or intracerebral haemorrhage.

Aim: The registry RASUNOA-prime is designed to describe current patterns of emergency management, clinical

course and outcome of patients with atrial fibrillation experiencing an acute ischaemic stroke or intracerebral haemor-

rhage under different anticoagulation schemes prior to stroke (NOAC, vitamin K antagonists or no anticoagulation).

Methods and design: RASUNOA-prime (ClinicalTrials.gov, NCT02533960) is a prospective, investigator-initiated,

multicentre, observational cohort study aiming to recruit 3000 patients with acute ischaemic stroke and atrial fibrilla-

tion, and 1000 patients with acute intracerebral haemorrhage and atrial fibrillation with different anticoagulation

schemes pre-stroke. It is a non-interventional triple-armed study aiming at a balanced inclusion of ischaemic stroke

and intracerebral haemorrhage patients according to the different anticoagulation schemes. Patients will be followed up

for clinical course, management and outcome up to three months after the event. Findings in ischaemic stroke and

intracerebral haemorrhage patients on NOAC will be compared with patients taking vitamin K antagonists or no

anticoagulant pre-stroke.

Study outcomes: Primary endpoint for ischaemic stroke patients: occurrence of symptomatic intracerebral haemor-

rhage, for intracerebral haemorrhage patients: occurrence of secondary haematoma expansion. Secondary endpoints

include assessment of coagulation, use of thrombolysis and/or mechanical thrombectomy, occurrence of complications,

implementation of secondary prevention.

Summary: Describing the current patterns of early management as well as outcome of stroke patients with atrial

fibrillation will help guide physicians to develop recommendations for emergency treatment of stroke patients under

different anticoagulation schemes.
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Introduction

Atrial fibrillation (AF) is the most common cardiac

arrhythmia and is responsible for at least 15–20% of

all strokes.1,2 Anticoagulant therapy in patients with

AF for primary and secondary prevention of stroke is

approved in clinical guidelines.1 Non-vitamin K antag-

onists (VKA) oral anticoagulant drugs (NOAC) have

been approved for stroke prevention in non-valvular
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AF patients as an effective and safe alternative to
VKA.3–5 The number of patients receiving long-term
treatment with NOAC for stroke prevention in non-
valvular AF is increasing.6 Although NOAC offer
some advantages over VKA, therapy with NOAC cur-
rently poses substantial challenges for management of
different emergency situations including stroke. For
example, surgical procedures and interventions requir-
ing an intact coagulation system (i.e. thrombolysis for
ischaemic (IS) stroke) may not be carried out in
patients who are anticoagulated with NOAC.7 While
routine laboratory tests such as the prothrombin time
may be used for rapid assessment of anticoagulant
effects of VKA in emergency situations, coagulation
tests for NOACs are less widely available and more
time-consuming. In addition, in case of major bleeding,
including intracerebral haemorrhage (ICH), rapid anti-
coagulation reversal is desirable.8,9 Specific reversal
agents for particular NOACs have just become
available (i.e. idarucizumab for dabigatran)10 or are
in various stages of clinical development.11 However,
their haemostatic effectiveness in ICH, as measured by
haematoma growth and their effect on longer-term
clinical outcome, is unknown.

There is a need of systematically collected observa-
tional data from routine clinical practice to inform
the design of future clinical trials addressing the
management and outcome of neurological emergencies
in patients with AF and anticoagulation. Therefore,
the Registry of Acute Stroke Under Novel Oral
Anticoagulants-prime (RASUNOA-prime) will describe
the emergency management of stroke patients (IS, ICH)
with AF in clinical routine including early diagnostic,
therapeutic and preventive procedures and will assess
variations in the emergency management of patients
with AF by anticoagulation schemes pre-stroke. We
will also identify the variations in risk of early compli-
cations such as symptomatic secondary intracerebral
haemorrhage (sICH) in IS patients with AF by different
anticoagulation schemes. Finally, we will determine the
factors influencing outcome of stroke patients with AF
at three months and clarifying the potential influence of
different anticoagulation schemes pre-stroke.

Methods

Design

RASUNOA-prime is a prospective, investigator-
initiated, multicentre, observational cohort study of
patients with stroke and AF. It is designed as a non-
interventional triple-armed study (VKA, NOAC, no
anticoagulation) including IS and ICH patients. A
standardised central telephone or postal follow-up
visit is carried out three months after the index

stroke. The registry is not limited to a specific NOAC

or VKA but will examine acute stroke management

and its outcome during use of any of the approved

NOACs and VKAs. The study is not designed to per-

form comparisons among different NOACs or VKAs.

Findings in IS and ICH patients on NOAC will be

compared with patients taking VKA or no anticoagu-

lant at the time of the event.
About 40 neurology departments with certified

stroke units throughout Germany take part in the

study. Certification of a Stroke Unit is defined accord-

ing to the criteria of the German Stroke Society and the

German Stroke Foundation.12

In total, RASUNOA-prime will enrol 4000 consec-

utive patients, thereof 3000 patients with IS and 1000

patients with ICH equally distributed to the three study

arms (NOAC, VKA and no oral anticoagulants

(OAC)) in each substudy. The study enrolment will

take place over a period of approximately four years.
The trial is registered at ClinicalTrials.gov, identifier

NCT02533960.

Patient population – Inclusion and exclusion criteria

Patients eligible for the study are �18 years and have an

acute stroke with either symptoms lasting�24h attribut-

able to IS or evidence of acute IS/ICH on brain imaging.

Patients must also have a previous or present diagnosis of

AF. Only patients under anticoagulation therapy with

either NOACor VKA at the time of the stroke or without

anticoagulation are eligible (i.e. patients treated with par-

enteral anticoagulation are excluded). Key exclusion cri-

teria include symptom-onset >24 h before hospital

admission and lack of written informed consent by the

patient or his legal representative (Table 1).

Procedures

It is ensured that all three treatment arms are equally

distributed at any time of recruitment by a standar-

dised enrolment algorithm (Figure 1). Due to specific

challenges described above, the main focus of

RASUNOA-prime was to investigate acute manage-

ment of stroke patients with NOAC and to compare

emergency management, clinical course and outcome

with patients on VKA or no anticoagulation. Thus,

IS and ICH patients on NOACs were defined as cases

and on VKA or no anticoagulation as controls. The

dynamics of the study population is considered by

obtaining controls (VKA or no anticoagulation) each

time a case (NOAC) is enrolled, and thus a represen-

tative and valid sampling of controls from the entire

study base during the whole study period is ensured.13

Each participating centre will document consecutively

admitted patients who are deemed eligible by
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in-/exclusion criteria. According to the algorithm,
patients are included as follows: only if a patient
under NOAC is included in the study, the next eligible
patient with VKA and the next patient without

anticoagulation can be enrolled. Due to this procedure,
patients under different anticoagulation schemes are
recruited at a similar point in time and the number of
patient is balanced at any given time during the

Table 1. In-/exclusion criteria.

Inclusion criteria:

– Age�18 years

– Anticoagulation at index stroke: NOAC, VKA or no anticoagulant (no drug-intake or paused for >3 (NOAC) or >7 days (VKA))

– Previous or present diagnosis of AF, verified by

– Documented history of AF

– Unequivocal 12-channel ECG or rhythm strip

– Pacemaker reading

– Holter ECG, ECG telemetry

– Acute IS with either symptoms lasting�24 h or evidence of acute infarction in brain imaging

or

– Acute primary intracerebral haemorrhage

Exclusion criteria:

– Symptom-onset>24 h before presentation

– No informed consent

NOAC: non-vitamin K antagonists oral anticoagulants; VKA: vitamin K antagonists; AF: atrial fibrillation; ECG: electrocardiography; IS: ischae-

mic stroke.

Figure 1. Enrolment algorithm.
NOAC: non-vitamin K antagonists oral anticoagulants; VKA: vitamin K antagonists; AF: atrial fibrillation.
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recruitment process. Additionally, this design ensures
that patient-triplets originate from the same stroke
services.13 The enrolment algorithm is applied for
each substudy (IS, ICH) separately.

The screening and recruitment will be undertaken
by physicians of the participating stroke services.
All patients fulfilling the eligibility criteria that present
to the study sites are documented in an anonymous
screening log file irrespective of their participation in
the study. Eligible patients or their legal representatives
will be asked for participation in the study. Written
informed consent must be provided. Participants can
withdraw consent at any time.

Treatment

RASUNOA-prime is a strictly observational study,
thus all diagnostic and treatment decisions are left at
the discretion of the treating physicians.

Primary outcome

The primary outcome for patients suffering acute IS is
the occurrence of sICH according to the NINDS crite-
ria (here defined as: occurrence of haemorrhage not
seen in previous CT/MRI scan performed after admis-
sion associated with any clinical worsening (NIHSS
score at the time the bleeding became apparent com-
pared to the lowest value previously registered)).14

All images will undergo central imaging analysis with
readers masked to the clinical course. We hypothesise
that neither anticoagulation with NOAC nor with
VKA pre-stroke leads to an increase of sICH compared
to non-anticoagulated patients’ pre-stroke. For
patients with ICH, the occurrence of secondary haema-
toma expansion (HE) will be the primary outcome.
Secondary HE is defined as either an increase of hae-
matoma volume by �6.5 ml or by �33%,15 a new
intraventricular haemorrhage not evident on baseline
imaging or an increase of intraventricular haematoma
on the modified Graeb score by �2 points. We will use
haematoma volumetry on cranial CT/MRI scans at
baseline and at follow-up neuroimaging within 72 h
after ICH onset. We hypothesise that neither anticoa-
gulation with NOAC nor with VKA leads to an
increase of relevant secondary HE compared to no
anticoagulation.

Secondary outcomes

The secondary aims of the study are to describe
the differences in acute stroke management regarding
the different anticoagulation therapies, including the
assessment of coagulation-intensity and anticoagulant
concentration, the performance of thrombolysis and
endovascular recanalisation, determination of severe

complications and usage of anticoagulants for second-
ary prevention. Complications of stroke were prospec-
tively collected by the on-site study coordinators or
trained study nurses.

Safety outcome (reporting of adverse reactions)

The participating centres will report potential
adverse drug reactions to a specific drug to the Drug
Commission of the German Medical Association
according to the rules for professional conduct of the
German medical profession. To facilitate the reporting,
a set of potential adverse reactions were defined
(death, IS, ICH, major haemorrhage (according to
the International Society on Thrombosis and
Haemostasis criteria), pregnancy, serious liver injury).

Assessments

Data on patient demographics, medical history, anti-
coagulation status, clinical characteristics, clinical
course and laboratory parameters are prospectively
collected. Laboratory parameters might differ between
centres; hence, each hospital will provide their reference
range for the individually used assays. Central core
neuroradiological imaging assessment will be per-
formed, with readers blinded to the patient details.

In a central telephone or postal follow-up visit at
day 90, data on vital status, stroke recurrence rates,
living conditions, secondary prevention and functional
outcome (Barthel Index, modified Rankin Scale) will be
collected. In addition, information on in-patient and
outpatient rehabilitation as well as new hospitalisations
after hospital discharge will be documented (Figure 2).

Sample size estimates

The primary endpoint of this study is the sICH rate for
IS patients with AF under different anticoagulation
regimes pre-stroke (NOAC, VKA and no anticoagula-
tion). The data will be analysed in a hierarchical
approach: primarily, we will compare the sICH rate
for acute stroke patients with NOAC prior to stroke
with the sICH rate of no anticoagulation. Only in the
case of no statistical significance differences, we will
also compare VKA scheme pre-stroke in AF stroke
patients with no anticoagulation for the endpoint
sICH rate. We assume an sICH rate of patients without
anticoagulation pre-stroke of 1.3%, derived from the
findings, that the proportion of patients receiving vs.
not receiving thrombolytic therapy is 15% vs. 85%,16

and the sICH rate of patients with thrombolytic ther-
apy is 5% and without 0.6%.17 We consider at least a
doubling of this sICH rate in the group of stroke
patients with NOAC compared to patients without
OAC as clinically relevant. To analyse this margin by
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a test of non-inferiority for two proportions at signifi-

cance level 0.05, a sample size of 1000 stroke patients

per group (NOAC, VKA and no anticoagulation)

is needed.
For ICH patients, the main endpoint is secondary

HE. For non-anticoagulated patients suffering an ICH,

the rate of relevant HE is expected to be 28%.18 It is

judged as clinically relevant if the rate of HE in the

group of patient under NOAC and receiving haemo-

static factors is more than 10% above this rate. To

analyse this deviation by a test of non-inferiority with

a one-sided alpha of 0.025% and assuming a drop-out

rate of 5%, we will need 333 patients per group.

Statistical analyses

The planned data analysis will comprise appropriate

descriptive, univariate and multivariable analyses for

assessing emergency management of stroke patients

with AF in clinical routine, identifying risk of early
complications after the index stroke, determining fac-
tors influencing long-term outcome after stroke and
describing potential variations in these outcomes by
different anticoagulation schemes pre-stroke.
Additionally, a series of subgroup analysis for primary
and secondary outcomes (e.g. variations in emergency
management) are planned. The data will be stratified
by factors known or suspected to influence treatment
decision and the outcomes including: age group
(< >75 years), sex, severity of stroke (NIHSS <15
vs. NIHSS �15), infarct size (ASPECTS; classification
by Paciaroni et al.19) and type of AF (permanent
versus paroxysmal AF).

Preliminary results

Enrolment started in June 2015 and until September
2017, 52.3% (n¼ 2090) of the envisaged number of
patients were enrolled (n¼ 1812 IS, n¼ 278 ICH). So
far, follow-up data could be obtained in 81% of
patients eligible for follow up (n¼ 1523).

Discussion

Anticoagulation is increasingly recognised as a major
challenge for effective and safe emergency manage-
ment of IS and ICH. The RASUNOA-prime study
will provide prospectively collected data on the emer-
gency management of acute IS and ICH in patients
with AF. It particularly focuses on the association of
different schemes of anticoagulation before the event
on clinical course, haemorrhagic complications
and outcome.

Recanalisation therapy using intravenous thrombol-
ysis or mechanical thrombectomy is a cornerstone of
IS management.20,21 An important concern is an
increase of the risk of sICH after recanalisation espe-
cially under oral anticoagulation. The effect of antico-
agulation on the risk of secondary haemorrhage in the
ischaemic brain with and without recanalisation thera-
py is only partially understood. While patients on anti-
coagulants are not included in the label for i.v.
thrombolysis with alteplase, thrombolytic therapy can
be considered for patients with VKA within subthera-
peutic INR,20,22 as the occurrence of haemorrhagic
transformation appears to be unaffected by oral anti-
coagulation with VKA with a baseline INR of �1.7.23

Whether and to what extend patients under NOAC are
eligible for recanalisation is currently uncertain.7

Limited evidence from a single-armed study using his-
torical controls suggests that there is no increased risk
of sICH for patients under NOAC.24 RASUNOA-
prime will be the first study with simultaneously
recruited NOAC, VKA and a non-anticoagulated

Figure 2. Assessments and workflow of RASUNOA-prime.
NOAC: non-vitamin K antagonists oral anticoagulants; VKA:
vitamin K antagonists; AF: atrial fibrillation; IS: ischaemic stroke;
ICH: intracerebral haemorrhage.
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control group to address the issue whether anticoagu-
lation of patients with AF leads to an increase of sec-
ondary haemorrhage after IS.

The chances of achieving a favourable outcome with
recanalisation therapy depends on the time from symp-
tom onset to start of recanalisation therapies.20 In case
of patients under VKA, if the INR is measured rapidly
in the emergency room using point-of-care coagulom-
etry, no delays for initiation of thrombolysis are to be
expected.25 In contrast, measuring the anticoagulant
effects or plasma concentration of NOACs requires
less widely established specific assays and thresholds
below which thrombolysis is safe remain to be identi-
fied empirically.9,26 Specific point-of-care assays are
currently not routinely available for the emergency set-
ting.26,27 RASUNOA-prime will provide information
regarding the availability and results of emergency lab-
oratory data and their impact on acute stroke manage-
ment, which may help refine clinical management.

HE is an important prognostic factor in ICH, and its
prevention has become a major therapeutic target for
emergency management. Patients with ICH related to
VKA are at an increased risk of HE compared to non-
anticoagulated ICH patients.28 A recent trial suggested
a benefit of anticoagulation reversal with prothrombin
complex concentrate over Fresh Frozen Plasma in
terms of early HE and mortality.8,29 The effects of
NOACs on HE in ICH are controversial. Initial
small case series suggested no HE, but larger series
suggest a similar course for ICH related to NOAC as
in VKA-related ICH.30,31 As the available studies are
of limited size and mainly retrospective, a key question
of the RASUNOA-prime ICH-substudy is whether sec-
ondary HE in AF-patients experiencing ICH during
oral anticoagulation occurs more often compared to
non-anticoagulated patients. We will also examine the
potential effects of anticoagulation reversal using
unspecific reversal agents including PCC as well as spe-
cific antidotes. There are concerns that stroke under
NOAC may be more severe and more complications
might occur. In a study comparing the clinical presen-
tation and outcome after IS under VKA and NOAC,
both VKA within a therapeutic range and the intake
of NOAC lowered the risk of worse functional out-
come at discharge compared to no anticoagulation.32

No differences of functional outcome at discharge and
90-day mortality were found between patients antico-
agulated with VKA or NOAC.30,31 In previous reports,
ICH related to anticoagulation carried a higher mor-
tality than other ICH, but this may be the result of
different comorbidities in the non-anticoagulated
groups. Our study goes beyond these observations
and will obtain longitudinal functional outcome to
explore if the use of NOAC before IS and ICH and
different treatment option will be translated into poor

functional outcome in the long term compared to non-

anticoagulated patients.
RASUNOA-prime has strengths and limitations.

It is unique in combining the three different anticoagu-

lation schemes, a large sample size and information on

acute management of stroke in different sites of care.

It will be able to give further insights on optimal treat-

ment and its effect on functional outcome after stroke.

Due to the elaborated enrolment algorithm, variations

in treatment during the study period will affect all arms

of the study equally. However, the study has also lim-

itations. First, the study is conducted in Europe, and

therefore the vast majority of participants are expected

to be of Caucasian ethnicity. Second, patients with

ICH might be incompletely enrolled as mainly neurol-

ogy departments with stroke units are recruiting and

despite encouraged local collaboration with neurosur-

gical departments, some patients may be missed. Third,

due to the necessity of obtaining written informed con-

sent from a patient or his legal representative for use of

observational data, most severely affected patients

might not participate in the study. We attempt to

reduce this bias by an additional consent process in

which a physician, independent of the study can pro-

vide informed preliminary consent. We cannot exclude

that younger patients with less comorbidities will be

recruited within the non-anticoagulation group, e.g.

due to lower CHA2DS2VASc score prior to stroke,

that might influence comparability of the study

groups regarding prognostic factors. However, we

will perform multivariable analysis considering

known confounder like age, sex, comorbidities or

stroke severity to adjust for potential imbalance in

prognostic factors between the groups. Although our

sampling strategy for identifying patients with VKA or

no anticoagulation as controls for patients with

NOACs followed recent epidemiological recommenda-

tions,13 we cannot exclude that our study population

might not be completely comparable to the entire pop-

ulation of stroke patients with AF. Finally, due the

increasing trend of prescribing NOAC instead of

VKA or no anticoagulation in AF, the enrolment

into the non-NOAC groups may become increasingly

challenging particularly in the ICH substudy.

Conclusion

RASUNOA-prime allows a comprehensive and

systematic report of current patterns of emergency

management in stroke patients with different anticoa-

gulation regimes before the stroke in routine clinical

care and the evaluation of its short- and long-term

outcomes. It will identify factors to inform future treat-

ment recommendations and interventional trials
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regarding reperfusion therapies and anticoagulation

reversal, respectively.
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