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Abstract
Objectives  To evaluate daily life management and functional outcome of Idarucizumab administration in case of emergency 
situations in patients with Dabigatran treatment.
Design  Multicenter observational registry study.
Setting  All hospitals with full neurological departments (n = 6) in Munich, Germany
Included patients  All patients treated with Idarucizumab from 01/2016 to 03/2019.
Analyzed data  Indication and application of Idarucizumab, demographics and clinical parameters, and further interven-
tions and treatments; clinical outcome was assessed with the modified Rankin scale (mRS) at 3 months after Idarucizumab 
administration
Results  Idarucizumab was administered to 32 patients for severe bleeding complications and ischemic strokes, more pre-
cisely for the following specific indications: intracranial bleeding (17 patients, 53%), ischemic stroke (8 patients, 25%), 
gastrointestinal bleeding (3 patients, 9%), femoral fracture, aortic dissection, and abdominal trauma and ileus (1 patient each, 
3%). Additional coagulation management was performed in 7 patients (22%). Nine patients (28%) underwent emergency 
surgery. Seven patients (22%) received Idarucizumab before intravenous thrombolysis due to ischemic stroke and 4 of these 
7 patients (13%) received mechanical thrombectomy in addition. Indication was mainly based on the history of Dabigatran 
intake and was irrespective of laboratory testing. At follow-up, 25% of the investigated patients had a mRS 0–2, while 25% 
had an unfavorable outcome (mRS 4–5). Mortality was 31%.
Conclusion  In our study, we have shown that the administration of Idarucizumab is a rare intervention and restricted to 
patients with severe bleeding complications or ischemic stroke. The clinical outcome of patients who received Idarucizumab 
in emergency situations was poor.
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Introduction

Dabigatran (Pradaxa®, Boehringer Ingelheim, Ingelheim 
am Rhein, Germany) was shown to be an effective and 
safe oral anticoagulation (OAC) for prevention of stroke 
in nonvalvular atrial fibrillation (AF) and for prevention 
and treatment of systemic embolism in venous thrombo-
embolism [1, 6]. However, OAC with Dabigatran bears 
the potential risk of major bleeding of approximately 
2.4%/year [10]. In addition, OAC is a contraindication for 
intravenous thrombolysis (IVT) in case of acute ischemic 
stroke, and therefore, it is a substantial restriction for acute 
treatment in those patients. The possibility to neutralize 
direct oral anticoagulants with specific antagonists appears 
to be crucial for emergency situations. Idarucizumab 
(Praxbind®, Boehringer Ingelheim, Ingelheim am Rhein, 
Germany), a humanized monoclonal antibody fragment 
directed against the direct thrombin inhibitor Dabigatran, 
can rapidly reverse its anticoagulant effect [4]. Whether 
Idarucizumab improves clinical outcome compared to 
placebo is not known, because those trials are lacking. 
Overall mortality rate after 3 months in patients treated 
with Idarucizumab due to emergency situations was shown 
to be about 19% based on a phase III trial and an observa-
tional cohort study [4, 8]. In addition, current knowledge 
about Idarucizumab in daily clinical practice is only avail-
able from multiple case reports summarized in a review [9] 
and several case collections [2, 3, 5, 7]. However, only two 
publications on Idarucizumab use in acute ischemic stroke 
patients give systematic data on long-term functional out-
come after treatment with Idarucizumab [2, 5]. The aim of 
the “Munich Registry of Reversal of Pradaxa® in clinical 
routine (MR REPAIR)”, a multicenter observational reg-
istry study, was to systematically analyze the application 
of Idarucizumab in emergency situations in daily clinical 
practice and to assess the long-term clinical outcome of 
patients who received Idarucizumab.

Materials and methods

Study design and population: MR REPAIR is a multi-
center observational registry study performed in Munich, 
a city with approximately 1.3 million inhabitants in the 
South of Germany. Study centers are all six hospitals 
with full neurological departments with stroke unit and 
emergency service including both university hospitals, 
all but one supra-regional and all regional trauma centers 
in Munich. Five hospitals with local trauma centers and 
one supra-regional trauma center did not participate as 
study centers. From 01/2016 until 03/2019, all patients 

treated with Idarucizumab were included to the registry 
either retrospectively (01/2016–01/2017) or prospectively 
(02/2017–03/2019), but only patients on Dabigatran were 
further analyzed. Consequently, one patient on Apixaban 
who had received Idarucizumab accidentally was excluded 
from the detailed analysis in this publication. To ensure 
that all patients who received Idarucizumab were included, 
the dispensary of all participating hospitals contacted the 
local coordinator in case of a reorder of Idarucizumab. 
Data about indication and application of Idarucizumab, 
demographics and clinical parameters, and further inter-
ventions and treatments as well as the partial thrombo-
plastin time (pTT) on admission were collected by treat-
ing physicians and from medical charts. Follow-up at 
3 months after Idarucizumab administration was assessed 
with the modified Rankin scale (mRS) by an experienced 
neurologist either during an outpatient clinical visit or by 
phone call.

Statistical analysis: normally, distributed data are pre-
sented as mean ± standard deviation (SD). Non-normally 
distributed data are presented as counts and percentages. 
The figure was designed with Microsoft Excel 2016 ®.

Results

Patient characteristics

In total, 32 patients (mean age ± SD 78 ± 9 years, 10 females) 
were included (see Table 1). Thus, approximately 10 patients 
per year received Idarucizumab in the Munich area (approx. 
0.8 administrations/100 000 inhabitants/year). Premorbid 
functional status was good with functional independence 
(premorbid mRS 0–3) of a majority of 27 patients (84%) 
(see Fig. 1). Indication for Dabigatran was prophylaxis of 
ischemic stroke due to AF in all patients. Five patients (16%) 
took antiplatelet drugs additionally at the time of the emer-
gency event. For individual dosages of Dabigatran and anti-
platelet drug intake, see Table 1.

Laboratory examinations

The partial thromboplastin time (pTT) prior to Idarucizumab 
administration was available in 29 patients (91%). It was 
elevated in 17 of those 29 patients (53%) indicative of thera-
peutic Dabigatran blood levels, but also all 12 patients (38%) 
with normal pTT received Idarucizumab.

Indication of Idarucizumab

All patients received the full dosage of 5 g Idarucizumab. 
A majority of 25 patients (78%) were administered Idaru-
cizumab because of a CNS emergency: 17 patients had 
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intracranial bleeding (53%) and 8 patients had ischemic 
stroke (25%). Gastrointestinal bleeding resulted in Idaru-
cizumab administration in 3 patients (9%). Idarucizumab 
was administered one each (3%) for femoral fracture, aortic 
dissection, abdominal trauma, and ileus. Emergency sur-
gery was necessary in 9 patients (28%). 7 patients (22%) 
with ischemic stroke were treated with IVT and among 
those, 4 patients (13%) received mechanical thrombectomy 
(MT) in addition. No intracranial bleeding was observed in 
these patients after IVT/MT. In one additional patient with 
ischemic stroke (3%), systemic thrombolysis was stopped 
after the initial bolus of Alteplase® as the initially assumed 
time of symptom onset turned out to be wrong. Endoscopy 
was performed on 1 patient (3%) with gastrointestinal bleed-
ing, while another (3%) received cardiopulmonary resuscita-
tion due to hemorrhagic shock.

Further coagulation management

In 7 patients (22%), further coagulation management proce-
dures were performed including the administration of fresh 
frozen plasma, prothrombin complex concentrate, fibrino-
gen, tranexamic acid, platelet concentrate, and red blood cell 
transfusion (see Table 1).

Clinical outcome

At follow-up, a minority of 8 patients (25%) had a mRS 
0–2. Three patients (9%) were disabled but independent 
(mRS 3). Eight patients (25%) had an unfavorable outcome 
with a mRS 4–5 and 10 patients (31%) died [including 5 
patients (16%) with intracranial bleeding and 2 patients with 
ischemic stroke (6%)] (see Fig. 1).

Discussion

The major results of our study were as follows: First, in 
the six hospitals with full neurological departments in 
Munich, a city with about 1.3 million inhabitants, Idaru-
cizumab was administered with a rate of 0.8/100 000 

Table 1   Characteristics of 32 patients treated with Idarucizumab

SD indicates standard deviation, BID bis in die (twice a day), QD 
Quaque die (daily)

Patient characteristics (n = 32) Value
 Age (years), mean ± SD 78 ± 9
 Female, n (%) 10 (31)

Indication for oral anticoagulation Value
 Atrial fibrillation, n (%) 32 (100)

Oral anticoagulation: Drug and dose Value
 Dabigatran 150 mg BID, n (%) 11 (34)
 Dabigatran 110 mg BID, n (%) 16 (50)
 Dabigatran 75 mg BID, n (%) 2 (6)
 Dabigatran, dose not known, n (%) 3 (9)

Antiplatelet drugs: Drug and dose Value
 ASS 100 mg QD, n (%) 3 (9)
 Clopidogrel 75 mg QD, n (%) 2 (6)
 Unknown, n (%) 3 (9)

Indication for Idarucizumab and dose Value
 Intracranial bleeding, n (%) 17 (53)
 Ischemic stroke, n (%) 8 (25)
 Gastrointestinal bleeding, n (%) 3 (9)
 Femoral fracture, n (%) 1 (3)
 Aortic dissection, n (%) 1 (3)
 Abdominal trauma, n (%) 1 (3)
 Ileus, n (%) 1 (3)
 Idarucizumab dose 5 g, n (%) 32 (100)

Partial Thromboplastin Time (pTT) prior to Idarucizumab 
administration

Value

 n (%) 29 (91)
 Above normal range, n (%) 17 (53)
 Concomitant therapy Value

Additional coagulation management, n (%) 7 (22)
 Emergency surgery, n (%) 9 (28)
 Intravenous thrombolysis for ischemic stroke, n (%) 7 (22)
 Mechanical thrombectomy for ischemic stroke, n (%) 4 (13)
 Endoscopy, n (%) 1 (3)
 Resuscitation, n (%) 1 (3)

Fig. 1   Patients’ functional 
outcome based on the modified 
Rankin scale (mRS): premor-
bid (n = 30, 2 missing) and 
on day 90 after Idarucizumab 
administration (n = 29, 3 lost to 
follow up)
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inhabitants/year mostly to patients with CNS emergen-
cies. Second, the long-term functional outcome in a major-
ity of the patients was poor with a mortality rate of 31%. 
Third, Idarucizumab was administered according to guide-
line recommendations in all cases with a dose of 5 g and 
applied only to patients with severe bleeding complica-
tions or ischemic strokes under treatment with Dabigatran. 
Idarucizumab administration in minor or moderate bleed-
ings was not observed. Finally, Idarucizumab administra-
tion was guided by clinical information and the history of 
Dabigatran intake and was irrespective of laboratory tests.

In contrast to this study, a recent large cohort obser-
vational study in 2019 had shown a mean annual admin-
istration rate of about 29 in The Netherlands, a country 
with about 17 million inhabitants, which means more than 
10 times more inhabitants than in Munich [8]. Thus, in 
our study, Idarucizumab had been given more frequently 
(approx. four times). The mortality rate in the Dutch 
observational study on day 90 was 19% [8] similarly to 
the REVERSE-AD study [4], but lower than in our study. 
This might be related to the higher rate of patients with 
CNS emergencies (78% vs. 24% in the Dutch cohort study 
[8] and vs. 23% in the REVERSE-AD study [4]). Nei-
ther the Dutch observational study nor the REVERSE-AD 
study included functional outcome parameters [4, 8]. Only 
for ischemic stroke patients on Dabigatran who received 
Idarucizumab before acute stroke treatment, long-term 
functional outcome parameters are available from two pub-
lications: A retrospective nationwide Czech study with 13 
patients and an Italian literature review on 37 published 
single cases reported good functional outcome (mRS 0–2) 
in 77% and 57% of the patients, respectively [2, 5]. In 
contrast, the rate of patients with a mRS 0–2 of our mixed 
cohort was only 25%. This discrepancy might indicate that 
Idarucizumab administration enables efficient acute stroke 
treatment with IVT and/or mechanical thrombectomy, but 
does not guarantee good clinical outcome in other emer-
gency situations such as bleeding events.

Our study has some limitations: First, this was an obser-
vational study with a relatively low number of patients 
(n = 32) which might have caused bias to patients’ selec-
tion and study results, especially regarding outcome 
parameters. In particular, half of the patients (16/32) had 
a pmRS > 2, thus could not reach a mRS 0–2 after the 
event which would usually be defined as a good clinical 
outcome. Second, reliable laboratory tests such as diluted 
thrombin time or ecarin-clotting time as control of Dabi-
gatran intake were not available in a sufficient number of 
patients, and therefore, patients without significant Dabi-
gatran levels might have been treated.

Conclusions

The current study showed that in daily life, the administra-
tion of Idarucizumab is a rare intervention and restricted 
to patients with severe bleeding complications or ischemic 
strokes. However, long-term functional outcome in patients 
after Idarucizumab administration in emergency situations 
was poor with a high mortality rate. The performance of a 
larger placebo-controlled study would be desirable to verify 
the effect of Idarucizumab administration on the long-term 
functional outcome of emergency patients.
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