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Background: Rapid inactivation of dabigatran by its specific inhibitor idarucizamab
allows intravenous thrombolysis (IVT) in patients suffering ischemic stroke while being
treated with dabigatran. Only limited data of this approach is available and numerous
questions regarding efficacy/safety remain to be answered. Herein, we present the
findings from the Slovenian national cohort study. Methods: Retrospective analysis of
all stroke patients treated with idarucizumab and IVT (n = 11) in the period from July
2016 to February 2018 from Slovenian region were analyzed. Results: The indication for
dabigatran treatment in all 11 cases was nonvalvular atrial fibrillation. Importantly,
6 out of 11 cases were classified as severe ischemic strokes (National Institutes of Health
Stroke Scale; NIHSS� 10) with a median NIHSS 13. At admission, prolonged activated
partial thromboplastin time was present in 9 patients indicating therapeutic anticoagu-
lation activity. The average door-to-needle time was 156 minutes. After 3 months,
9 patients had a modified Rankin Score of less than or equal to 2 and 7 patients had
mRS less than 1 whereas, 2 patients died due to symptomatic intracranial hemorrhage
(sICH); 1 due to spontaneous sICH, and the other due to a large ischemic stroke with
hemorrhagic transformation. No thrombotic complications were observed. Conclusions:
Our data show that IVT after idarucizumab administration is a safe and effective
method of treatment in ischemic stroke patients on dabigatran. We recorded a higher
proportion of patients with favorable outcome as well as with sICH compared to the
randomized controlled studies which could suggest a higher sensitivity of thrombi to
IVT in dabigatran treated patients.
Key Words: Dabigatran—acute ischemic stroke—idarucizumab—intravenous
thrombolysis
© 2018 National Stroke Association. Published by Elsevier Inc. All rights reserved.
Introduction

Although nonvitamin K oral anticoagulants have been
proven to be effective and safe for stroke prevention,1,2,3,4

the lack of their antidotes remains one of the major con-
cerns for their use. The recent introduction of idarucizu-
mab into clinical practice made dabigatran the first
nonvitamin K oral anticoagulant D7X Xwith a safe and effective
antidote.5,6 Idarucizumab, a humanized monoclonal anti-
body fragment, reverses the anticoagulant effect of
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dabigatran within minutes of administration, has no
known interaction with other drugs, and seems not to
have procoagulant effect.5,6 It is thus recommended for
first-line treatment in patients with serious bleeding who
require an urgent surgical procedure.5

According to the American Stroke Association Guide-
lines, intravenous thrombolysis (IVT) with a recombinant
tissue plasminogen activator (rt-PA) is the recommended
therapy for acute ischemic stroke even in patients taking
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anticoagulant therapy, provided that there is no anticoag-
ulant effect at the time of rt-PA application.7 Theoretically,
dabigatran patients who receive idarucizumab would not
have any disturbance of coagulation, either probleeding
or prothrombotic,5 and are therefore eligible candidates
for IVT. However, solid clinical data definitively proving
these assumptions is still missing. The use of idarucizu-
mab followed by rt-PA is covered by the labels of both
drugs; furthermore, it is recommended by most experts.8,9

There is only limited data on idarucizumab usage in the
patients treated with dabigatran who suffer from acute ische-
mic stroke and are candidates for IVT. To the best of our
knowledge, there are only a few case series10-12 and several
single case reports of dabigatran-treated acute stroke patients
who received idarucizumab before IVT.13-26 Most authors
described a good outcome after IVT.11-18,20-26 Overall, there is
not enough clinical data about the safety and effectiveness of
IVT in dabigatran-treated patients pretreated with idarucizu-
mab. While large clinical studies are expected, real-time clini-
cal experience such as case reports and case series are highly
needed to provide the clinicians inside information and
unmask possible complications.
The lysibility of thrombi is an important predictor of IVT

efficacy. Numerous factors, including structural, mechanical,
functional, and biochemical properties could influence
thrombus sensitivity to lysis.27 The widely known is the facil-
itating effect of ultrasound waves on the susceptibility of
thrombi to lysis.28 In addition, anticoagulants could influence
the lysability of thrombi arising in patients with atrial fibrilla-
tion while being anticoagulated.29 Importantly, it has been
suggested in vitro that dabigatran at clinically relevant
concentrations, enhances the susceptibility of plasma clots to
t-PA-induced lysis by reducing thrombin-activatable fibrino-
lysis inhibitor (TAFI) activation and by altering the clot struc-
ture.30 There is no data in regard to possible effect of
idarucizumab on thrombi sensitivity to lysis. Overall, it
seems possible that intracranial thrombi (pathological and
haemostatic) arising/presenting during treatment with dabi-
gatran and/or idarucizumab could be more prone to throm-
bolysis. If so, this should be considered in clinical practice.
We aimed to investigate this relevant issue that has not been
addressed yet in our cohort of patients.
Aims

The aim of this cohort study was to report on the safety
and outcome of IVT in all the consecutive dabigatran-
treated acute stroke patients who received idarucizumab.
In addition, we aimed to explore whether there is any sig-
nal suggesting higher than expected efficacy of IVT.
Methods

Study Population

Department of Vascular Neurology, University Medical
Centre Ljubljana provides stroke care and hospitalization to
approximately 1 million persons who live in the central Slov-
enia. In addition, it provides neurological consultations using
telemedicine to all secondary hospitals in Slovenia. There-
fore, it provides tertiary neurovascular diagnostics and ther-
apy to all Slovenian population which is about 2 million.
According to the Health Insurance Institute of Slovenia

there are currently roughly 9000 patients treated with
dabigatran in Slovenia. Most patients on dabigatran treat-
ment who suffer intracerebral hemorrhage as well as
ischemic stroke are therefore either treated in the Depart-
ment of Vascular Neurology, University Medical Centre
Ljubljana, or using its consultations via telemedicine.
Since the introduction of idarucizumab in 2017 acute
stroke patients on dabigatran treatment became potential
candidates for IVT and local hospitals interconnected by
telemedicine use our consultations or share information
regarding the treatment decisions in these patients.
Although the Department of Vascular Neurology, Univer-
sity Medical Centre Ljubljana does not have an official
registry, it probably disposes with the complete data on
dabigatran-treated acute stroke patients who received
idarucizumab before IVT in Slovenia.
This cohort study was restricted to all the consecutive

dabigatran-treated acute stroke patients who received
idarucizumab before IVT from July 2016 to February
2018. Eight of the patients were treated in the Department
of Vascular Neurology, University Medical Centre Ljubl-
jana and 3 patients were treated in the regional hospitals
Celje, Jesenice, and Murska Sobota.

Study Protocol

All patients received the standard dose of 5 g of idaruci-
zumab, followed by IVT using a (rt-PA) in the recom-
mended dosage of .9 mg/kg of body weight.
The anonymized patient data included baseline charac-

teristics, laboratory and coagulation parameters clinical
data such as prestroke modified Rankin Score (mRS), the
National Institutes of Health Stroke Scale (NIHSS) upon
admission, the NIHSS and mRS at discharge, mRS after
3 months, computed tomography (CT) of the head and
CT angiography upon admittance, CT of the head after
24 hours, time to IVT, and time to anticoagulation restart.
In all cases the NIHSS and mRS evaluation were per-
formed by a vascular neurologist who was not necessarily
the same person upon admission and at discharge. All
data were retrospectively collected, anonymized, and
transferred for analysis.

Results

Eleven patients (6 males, 5 females, aged 73.7 § 12.5
years) receiving dabigatran treatment presented with
acute ischemic stroke symptoms within the 4.5-hour time
window and were eligible candidates for systemic IVT set
apart from anticoagulation history (Table 1). Prestroke
mRS in all patients was 0. Median NIHSS at admission
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was 10 points. Six out of 11 patients had a severe ischemic
stroke (NIHSS � 10). Median NIHSS of the 6 severely
affected patients was 13. There were no signs of bleeding
or early infarct on CT scans of the head at admission.
Five patients received 150 mg and 6 patients received

110 mg of dabigatran twice daily. In 3 patients, dabigatran
was initiated as secondary stroke prevention and in others as
the primary prevention of stroke due to nonvalvular atrial
fibrillation. Themedian CHADS2-VASc score was 3 (Table 1).
Upon arrival at the hospital, the activated partial

thromboplastin time aPTT was normal in 1 patient, ele-
vated in 9 patients, and not measured in 1 patient. Throm-
bin time was normal in 1 patient, prolonged in 8 patients,
and not measured in 2 patients. The thrombin time spe-
cific for dabigatran (Haemoclot assay) was normal in
2 patients, prolonged in 7 patients, and not measured in 2
patients. The creatinine clearance was above 50 mL/min
in 7 patients, below 50 mL/min in 2 patients, and not
measured in 1 patient (Table 1).
Although mechanical thrombectomy was available for

most of our patients none of them needed it since they
improved clinically after IVT and/or did not have occlu-
sions of the large intracranial arteries.
The idarucizumab infusion was well-tolerated in all

patients. The time between the application of idarucizu-
mab and the application of rt-PA was 10-20 minutes. The
mean time from the start of neurological symptoms to the
application of IVT was 156 minutes (Table 2).

In-hospital Course

Two of the 11 patients included in our case series died.
The first was a 78-year-old female patient (number 8) who
was prescribed dabigatran 2 days before admittance due
to transient aphasia and newly discovered atrial fibrilla-
tion. Before the dabigatran introduction, the head CT scan
showed no pathological changes, and the CT angiography
of the aortocervical and intracranial arteries showed no
hemodynamically important stenosis. Two days later, the
patient presented with signs of acute ischemic stroke in
the posterior cerebral artery region (PCA) and a NIHSS of
12. Upon admittance the CT of the head was insignificant;
CT perfusion revealed penumbra in the territory of the
left PCA, and CT angiography showed an occlusion of
the left P1 segment. Haemoclot assay as well as aPTT
were prolonged and within therapeutic limits (Table 1).
The patient was treated with idarucizumab followed by
rt-PA 120 minutes after symptom onset. Four hours after
the IVT introduction, her neurological status worsened
with sopor, aphasia, and right-sided hemiplegia. The con-
trol head CT scan showed intracerebral hemorrhage in
the left frontoparietal region, with haematocephalus and
no pathological changes in the PCA region. Later on, aspi-
ration pneumonia developed and she was duly treated
with antibiotics; nonetheless, the patient died 8 days after
admittance due to cardiorespiratory failure.
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The second patient with a fatal outcome was an 82-
year-old male (number 9) who presented with clinical
signs of a large ischemic stroke in the right middle cere-
bral artery and a NIHSS of 21. Although Haemoclot was
not performed, aPTT was prolonged and within therapeu-
tic limits (Table 1). The patient was treated with idaruci-
zumab followed by rt-PA 75 minutes after symptom
onset. However, the patient did not clinically improve,
and the control CT scan of the head after 24 hours showed
a large ischemic infarction in almost the entire territory of
the middle cerebral artery with hemorrhagic transforma-
tion. Later on, he developed aspiration pneumonia, which
was treated with antibiotics, but the patient died due to
cardiocirculatory decompensation 22 days after the acute
stroke onset.
Additionally, in one of the patients (No. 1), the control

CT scan of the head 24 hours after the IVT showed a small
hemorrhagic transformation of the ischemic stroke with-
out any clinical worsening; in 2 patients (No. 4 and No. 5),
a small ischemic stroke developed; in 6 patients, no ische-
mic infarction was seen.

Follow-up

At discharge, 7 patients benefited with an improvement
of 5 points in the NIHSS score. At discharge, the median
NIHSS of the patients who survived was 1 and the
median mRS was 1. Nine out of 11 patients benefited sig-
nificantly from IVT. Nine patients had mRS of less than or
equal to 2 after 3 months, 7 patients had mRS less than or
equal to 1 (Table 2).

Re-initiation of Treatment

In all 9 patients who survived, anticoagulation therapy
was restarted. Anticoagulation therapy was reintroduced
between 2 and 14 days postischemia, depending on the
infarct size and the accompanying comorbidities. In 7
patients, we restarted dabigatran treatment and in 2
patients, we introduced warfarin (renal insufficiency, tran-
sient thrombocytosis). The reinitiation of anticoagulation
was delayed in 3 patients (in 1 due to hemorrhagic transfor-
mation, in 1 due to transient thrombocytosis, and in 1 due to
carotid thrombendarterectomy).

Discussion

Although the use of idarucizumab followed by rt-PA in
acute stroke patients is covered by the labels of both drugs
and is even recommended by expert opinion,8,9 clinical expe-
rience regarding this treatment is limited, and the number of
described cases is less than 50.10-26 Since the introduction of
idarucizumab into clinical practice in 2016, most authors
described its use in order to perform IVT as single cases.13-26

So far, there have been only 3 case series of 19,10 5,12 and 3
cases.11 In most cases the outcome of treatment was excellent;
namely in 67% of cases in the German study mRS less than
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or equal to 2 has been described.10 Furthermore, a systematic
analysis of all additional published case reports has shown
an excellent outcome in 72% of described cases.12 In addition,
lowmortality rate has been described; overall there are only 3
published cases of fatal outcomes10,19 and 1 of significant
deterioration.10 More specifically, 2 patients died due to a
repeated ischemic event (since anticoagulation was temporar-
ily stopped)10,19 and 1 due to a hemorrhagic transformation
of a large ischemic infarction.19 Additional deterioration was
reported in a patient with a large ischemic infarction in
whom IVTwas not successful.10

It is well known that the outcome of IVT depends very
much on the stroke severity.31 It needs to be emphasized
that so far, 90% of the described stroke patients on dabiga-
tran who were thrombolyzed had a mild stroke severity
with NIHSS less than or equal to 10.12 Randomized trials
that are commonly used to compare the outcome of IVT
have included significantly more severely affected
patients. Namely, a metanalysis of the randomized trials
has shown that only 47% of the observed patients had a
NIHSS less than or equal to 10.31 Mild stroke severity of
the patients on dabigatran could therefore be the cause of
the excellent outcome after IVT.
In our national cohort study we report the outcome of 11

consecutive patients in which idarucizumab was used for
the rapid reversal of the anticoagulant effect of dabigatran
in order to perform IVT. Eight patients (73%) had a mRS
less than or equal to 2 at discharge from the hospital. Two
of the patients died—1 due to the consequences of intracra-
nial hemorrhage, and the other due to a large ischemic
stroke with hemorrhagic transformation. Both patients
who died received lower dosage of dabigatran. In 1 patient
lower dosage was prescribed due to age whereas in the
other the reason is not clear. Lower dosage probably pre-
disposed them to the formation of thrombi nevertheless it
clearly did not protect them from the hemorrhagic transfor-
mation or even spontaneous hemorrhage.
The mortality rate of 18% in our small study is certainly

higher than previously reported. However as opposed to
the previously reported cases, our cohort study consisted of
significantly more severely affected stroke patients, namely
7 out of 11 patients (64%) had a moderate-to�severe clinical
involvement with NIHSS greater than or equal to 10. Met-
analysis of the IVT studies with similar share of the severely
affected stroke patients (63%) has shown that only 31% of
patients had a mRS less than or equal to 2 and 16% of
patients died within 90 days after stroke.31

Recently, Tse et al reported a similar cohort study based on
the New Zeeland national registry of thrombolyzed stroke
patients.32 They reported the outcome of 7 consecutive
patients who received idarucizumab prior to IVT and endo-
vascular clot retrieval.32 Similar to our study the described
patients had a more severe neurological deficit at presenta-
tion. Namely, the median NIHSS score in these patients was
21 (2 patients had a NIHSS � 10 and 5 had a NIHSS � 15).
One of the patients died due to complications of ischaemic
cerebral oedema and 1 significantly deteriorated due to
symptomatic intracranial hemorrhage. Only 2 of the patients
had a mRS less than or equal to 2. The authors concluded
that according to their real life experience the IVT in dabiga-
tran treated patients is safe. Nevertheless, the severity of
stroke as well as door-to-needle time of 211 minutes makes
the general outcome hard to compare to the previous case
reports or to our study.
According to our results as well as to the literature, the out-

come of IVT in dabigatran treated patients seems to differ
from IVT in the regular stroke patients. Our hypothesis is that
the patients on dabigatran treatment have thrombi that are
more susceptible to lysis that has been already convincingly
shown in in vitro conditions.28Whether these in vitro findings
could be translated in in vivo conditions remains unanswered
so far, but merit to be addressed. Increased sensitivity of
thrombi to lysis could be due to the consequences of altered
fibrin structure in probably fresh thrombi arising and embol-
izing during dabigatran treatment and/or reduced activity of
thrombin-activatable fibrinolysis inhibitor in these thrombi.28

This might have only minor clinical relevance or could impor-
tantly influence the outcome of thrombolysis. Our results
revealed the second assumption, since favorable outcome of
IVT was obtained in a higher proportion of patients com-
pared to the randomized controlled studies.31 On the other
hand, bleeding complications might be also influenced by the
same changes making also thrombostatic clots (particularly
fresh) more susceptible to thrombolysis. The fact that a large
proportion of the described case report patients had a mild
stroke could be a coincidence but could also be an indirect
proof of the effectiveness of dabigatran. Nevertheless, large
cohort studies based on national stroke registries that would
include all the consecutive patients that received such treat-
ment are needed to further support these hypothetical conclu-
sions about increased sensitivity of thrombi, arising during
treatment with dabigatran, to lysis. If assumption would be
confirmed, it would be clinically relevant.
In conclusion we can state that according to the current

information, IVT after idarucizumab administration is a safe
and effective method of treatment in ischemic stroke patients
on dabigatran. Review of the literature reveals a remarkable
effectiveness of this therapy which is at least partially due to
the relatively mild stroke severity in the majority of the previ-
ously described cases, as well as to the fast application of IVT.
Likewise, in our study we recorded a higher proportion of
patients with favorable outcome as well as with symptomatic
intracranial hemorrhage compared to the randomized con-
trolled studies which could suggest a higher sensitivity of
thrombi to IVT in dabigatran treated patients.
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