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Full Length Article 
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A B S T R A C T   

Aims: Idarucizumab reverses the anticoagulant effect of dabigatran. We aimed to investigate real-world expe-
rience with idarucizumab and associated clinical outcomes. 
Methods: We conducted a retrospective observational case series on dabigatran users treated with idarucizumab. 
Using electronic patient records, we identified patients from December 2015 (market introduction) to 31 
December 2019 from the Central Denmark Region, covering approximately 1.3 million inhabitants. Treatment 
indications included need of acute surgery, major bleeding, dabigatran intoxication and need of thrombolysis. 
Outcomes were defined according to treatment indication, and adverse events were defined as bleeding, 
thrombosis or death within 30 days of infusion. 
Results: A total of 46 dabigatran users were treated with idarucizumab. All patients except one received dabi-
gatran due to atrial fibrillation. Indications for idarucizumab use were need of acute surgery in 22 (48%), severe 
bleeding in 20 (43%), dabigatran intoxication in three (7%), and prior to thrombolysis in acute stroke in one 
(2%) patient. There were no reports of excessive bleeding during surgery in patients reversed just prior to sur-
gery. For patients presenting with severe bleeding, all but one achieved effective haemostasis. Among all patients 
receiving idarucizumab, six (13%) experienced bleeding within 30 days after infusion. None experienced 
thromboembolic complications. At 30 days follow-up, 38 (83%) patients were alive of whom 35 (92%) had 
restarted anticoagulant treatment. 
Conclusion: This study of real-world application of idarucizumab demonstrated effectiveness in terms of surgery 
performed without excessive bleeding and cessation of severe bleeding in dabigatran-treated patients. Safety 
appeared high as no patients experienced thromboembolic complications within 30 days.   

1. Introduction 

Dabigatran etexilate and other direct oral anticoagulants (DOACs) 
are increasingly used in patients with venous thromboembolism and for 
prevention of ischaemic stroke and systemic embolism in patients with 
atrial fibrillation [1,2]. Idarucizumab was introduced in December 2015 
as a dabigatran antidote, thus providing the first specific reversal agent 
for DOACs. Idarucizumab is a monoclonal antibody fragment that 
effectively neutralizes the anticoagulant effect of dabigatran [3]. Idar-
ucizumab was approved for patients with uncontrolled or life- 
threatening bleedings as well as in cases, where rapid reversal were 

needed for emergent procedures by the European Medicine Agency in 
2015 based on the preliminary results of the Reversal Effect of Idar-
ucizumab on Active Dabigatran (RE-VERSE AD), which was performed 
as a multicenter, prospective, single cohort, open-label study [4]. The 
full study was published in 2017 [5] and included 503 patients on 
dabigatran treated with idarucizumab due to uncontrollable or life- 
threatening bleeding or prior to surgery or interventions that could 
not be delayed more than 8 h. In brief, the study showed that among 
patients with overt bleeding, the median time to cessation of bleeding 
was 2.5 h, and among patients who underwent surgery, periprocedural 
haemostasis was assessed as normal in 93.4%. The 30-day mortality rate 
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was 13.5% for patients with bleeding and 12.6% for patients treated 
prior to surgery. 

International guidelines recommend that the use of idarucizumab be 
considered in acute clinical situations for dabigatran-treated patients 
experiencing life-threatening bleeding or in urgent need of surgery or 
invasive procedures [6]. Whether the possibility of reversing the anti-
coagulant effect of dabigatran within few minutes results in an accept-
able risk of complications and mortality, and/or increases thrombosis 
risk remains sparsely described and further studies have been called for 
[7]. Investigating the use of idarucizumab in daily clinical practice is, 
thus, of major importance. 

A study by Fanikos et al. report on 359 patients included from 61 
international sites in a global surveillance program (RE-VECTO) on 
idarucizumab in clinical practice [8]. They conclude that idarucizumab 
was prescribed according to label, but due to study limitations on data 
collection they did not report clinical outcomes. 

To assess the real-world experience with idarucizumab and its 
associated clinical outcomes, we conducted a chart review study 
describing the use of idarucizumab in clinical situations, exploring de-
tails in individual cases as well as patterns across a well-defined 
geographical region. 

2. Methods 

2.1. Design and setting 

We conducted a retrospective observational case series including all 
dabigatran users treated with idarucizumab in the Central Denmark 
Region since introduction of the drug in late 2015. This Danish region is 
home to one large university hospital and six regional hospitals, 
covering a population of approximately 1.3 million inhabitants. The 
Danish population is homogenous in terms of demographic and health- 
related characteristics across the five Danish regions [9]. Information on 
hospital contacts for patients treated in this region is stored in an elec-
tronic medical chart database (Electronic Patient Journal, MidtEPJ). 
Besides the patient chart, this database holds information on diagnoses, 
performed surgeries and interventions, biochemistry, diagnostic imag-
ing, and current and prior medication history. 

2.2. Data sources 

We identified cases of idarucizumab use by searching among 
administered medications as well as in the ‘free text’ of the electronic 
medical chart system (MidtEPJ). We collected detailed information 
regarding patient characteristics including comorbidities and medica-
tion use as well as clinical events preceding and following the use of 
idarucizumab. Study data were collected and managed in a Research 
Electronic Data Capture (REDCap) database, a secure web platform for 
building and managing online databases (www.project-redcap.org). 

2.3. Study drug 

Idarucizumab is administered as two consecutive intravenous in-
fusions of 2.5 g given 5–10 min apart. The prescribing physician and 
time of dispensed medicine are logged in the electronic medical chart. 
Data on the actual use and time of idarucizumab were obtained by 
crosschecking the list of administered medications with the medical 
chart text. 

2.4. Indication for idarucizumab infusion 

Patients were classified according to the indication for treatment 
with idarucizumab: major bleeding according to International Society 
on Thrombosis and Haemostasis criteria [10], need for acute surgery/ 
intervention, need for thrombolysis, or dabigatran intoxication defined 
as plasma-dabigatran above the upper limit of the suggested therapeutic 

range (411 ng/mL) [11]. 

2.5. Characteristics of patients treated with idarucizumab 

Patient characteristics were obtained from the medical records as 
described above. The following information was retrieved: (a) sex, age, 
creatinine levels and estimated glomerular filtration rate (eGFR) as 
markers of renal function, and CHA2DS2-VASc score; (b) chronic dis-
eases associated with an increased risk of bleeding and/or thrombo-
embolism; (c) indication for and dose of dabigatran; (d) use of other 
comedications; (e) restart of dabigatran or other anticoagulant 
treatment. 

2.6. Outcomes 

Primary outcomes were defined according to treatment indication 
for idarucizumab and were evaluated based on information available in 
the medical charts. For patients needing acute surgery, the outcomes 
were completion of surgery/intervention without major bleeding. For 
patients with major bleeding, the outcome was effective haemostasis 
defined as no need for infusion of hemostatic agents or coagulation 
factors, or transfusion of other blood products 48 h after the start of the 
initial management [12]. For patients treated prior to thrombolysis, the 
outcome was completion of thrombolysis. Finally, for intoxicated pa-
tients the outcome was lowering plasma-dabigatran levels to suggested 
therapeutic levels (<411 ng/mL) [11]. 

The final outcome was whether and when patients restarted anti-
coagulant treatment. 

Adverse events included bleeding defined according to The sub-
committee on Control of Anticoagulation of the Scientific and Stan-
dardization Committee of International Society on Thrombosis and 
Haemostasis criteria for ‘clinically relevant non-major bleeding’ [13] or 
‘major bleeding’; thrombosis, defined as any arterial or venous throm-
bosis documented by imaging; and death of any cause as registered in 
the medical record within 30 days from time of infusion. 

2.7. Analysis 

For identified dabigatran users treated with idarucizumab in the 
Central Denmark Region, patient characteristics are presented as pro-
portions of all or as median with interquartile range or minimum and 
maximum value. The proportion of patients reinitiating anticoagulant 
treatment within 30 days after idarucizumab infusion was calculated 
using the number of patients alive at day 30 as denominator. Patients 
experiencing a thromboembolic or bleeding-related adverse event were 
characterised in detail regarding indication for idarucizumab, days to 
adverse event and survival. Lastly, we calculated the cumulative sur-
vival and presented this in accordance with indication for idarucizumab 
infusion. 

Categorical variables are described by proportions (n) and percent-
ages (%), and continuous variables as medians (IQR or minimum and 
maximum values). Data were analyzed using STATA version 16 (Stata-
corp LP, College Station, TX, USA). 

2.8. Ethics 

The study was approved by the institutional board, the Danish Pa-
tient Safety Authority and the Danish Data Protection Agency. As 
described above, all data was stored in a secure web database according 
to Danish law. 

3. Results 

Of all admitted patients in Central Denmark Region from December 
2015 to the end of 2019, we identified 78 patients having either idar-
ucizumab or Praxbind mentioned in their medical chart. Of these we 

S.B. Haastrup et al.                                                                                                                                                                                                                             

http://www.project-redcap.org


Thrombosis Research 197 (2021) 179–184

181

excluded 29 patients, where idarucizumab had only been considered but 
not given, and three because they were treated before the study period 
as part of the RE-VERSE AD. This resulted in 46 patients identified as 
treated with idarucizumab in the study period. 

Of the 46 patients, 45 received dabigatran treatment due to atrial 
fibrillation. The majority of patients were male (74%), and the median 
age was 76 years. Common medical history included hypertension 
(41%), diabetes (17%), ischaemic heart disease (15%) and valvular 
heart disease (15%). One fifth of the patients had previously experienced 
ischaemic stroke or transient ischaemic attack (Table 1). Median plasma 
creatinine was 98 μmol/L, and four patients had severely decreased 
renal function defined as eGFR <30 mL/min. 

The indication for idarucizumab was anticoagulant reversal prior to 

acute surgery in 22 patients, ongoing bleeding in 20 patients, increased 
dabigatran levels due to acute renal failure in three patients, while one 
patient received idarucizumab prior to thrombolysis due to acute 
ischaemic stroke. 

Patients underwent a variety of different surgeries (Table 2). The 
median time from recognized need for surgery to start of operation was 
5.1 h (ranging from 38 min to 28.7 h) and the median time from infusion 
to initiation of surgery was 2.4 h (min 0, max 1530 min). No reports of 
excessive bleeding during surgery were noted. 

Most bleeding patients (10/20) presented with intracranial hae-
morrhage (ICH), gastrointestinal bleeding (4/19) or aortic dissection (3/ 
19) (Table 2). In eight of ten ICH patients, control computed tomogra-
phy or magnetic resonance imaging scans after idarucizumab adminis-
tration were performed, none of whom showed hematoma progression. 
For the remaining ten patients presenting with bleeding, haemostasis 
was restored within 48 h in all patients except one. This patient had a 
complicated medical history with a major skin bleeding, while being 
circulatorily unstable with a need for an Impella® heart pump. In two 
patients, acute surgery for aortic dissection was complicated by peri-
operative bleeding and necessitated the use of idarucizumab and blood 
products perioperatively. In some patients presenting with bleeding, 
surgical intervention was performed to achieve haemostasis. This 
included one patient with cardiac tamponade, one with a urinary tract 
bleeding after a misplaced catheter, and one with a bleeding liver cyst. 
Further, three patients presenting with ICH underwent surgical 
evacuation. 

All three cases of dabigatran intoxication were explained by renal 
insufficiency and one of these presented with bleeding. The patient with 
acute stroke treated with idarucizumab prior to thrombolysis underwent 
thrombolysis without experiencing bleeding complications. 

Full 30-day follow-up was obtainable for 44 patients. The additional 
two patients had incomplete follow-up as they were moved to another 
region after admission (the day after and nine days after admission). 
However, both patients were alive after 30-days. The patient moved 
after nine days was started on low-molecular weight heparin (LMWH) 
and did not experience any adverse events. 

Fig. 1 shows the cumulative survival for the four indications for 
idarucizumab treatment. During the 30-day follow-up period, eight 
patients died. Two patients died within two days and the others between 
five and 30 days after infusion (median time 14 days). Of these, five 
patients had major bleeding as indication for idarucizumab, two had 
dabigatran intoxication, both dying of multi-organ failure, and one pa-
tient underwent GI surgery and died of post-operative respiratory 
failure. 

Among surviving patients with full follow-up (n = 34), the median 
duration of hospital stay was 9 days (min: 1; max: 60) from idar-
ucizumab infusion date to discharge to home or nursing home. 

Table 1 
Baseline characteristics of patients treated with idarucizumab.   

Patients treated with 
idarucizumab 
n = 46 

Indication for idarucizumab 
Urgent surgery 22 (48%) 
Bleeding 20 (43%) 
Intoxication 3 (7%) 
Prior to thrombolysis 1 (2%)  

Characteristics 
Male, n (%) 34 (74%) 
Age (years, median, min; max) 76 (49; 95) 
BMI (kg/m2, median, min; max) 24.4 (19,6; 45)  

Dose (b.i.d.) of dabigatran, n (%) 
75 mg a 2 (4%) 
110 mg 23 (50%) 
150 mg 21 (46%)  

Indication for dabigatran, n (%) 
Atrial fibrillation 45 (98%) 
Venous thromboembolism 1 (2%)  

Comorbidities, n (%) 
Current cancer 5 (11%) 
Chronic kidney disease 2 (4%) 
Diabetes 8 (17%) 
Hypertension 19 (41%) 
Ischaemic heart disease 7 (15%) 
Liver disease 3 (7%) 
Peripheral arterial disease 1 (2%) 
Any previous bleeding 2 (4%) 
Ischaemic stroke/transient ischaemic attack 9 (20%) 
Cardiac valve disease 7 (15%) 
Heart failure 5 (11%)  

Comedication, n (%) 
Acetylsalicylic acid 4 (9%) 
Non steroidal anti-inflammatory drug 2 (4%) 
Protein pump inhibitor 6 (13%) 
Selective serotonin reuptake inhibitor 5 (11%) 
Systemic glucocorticoids 6 (13%)  

Renal function 
Plasma Creatinine (μmol/L, median, min; max) 98 (19; 502) 
eGFR (ml/min, median, min; max) 59 (10; 272)  

eGFR, n (%) 
< 30 4 (9%) 
30–60 19 (41%) 
60–90 16 (35%) 
> 90 7 (15%) 
CHA2DS2-VASc Score (median, min; max) 2 (0; 6) 
Plasma dabigatranb (ng/mL, median, min; 

max) 
160 (35;1456) 

Hemoglobin (median, min; max) 7.9 (4.4; 10.9) 
aPPTc (median, min; max) 37.5 (22; 150)  

a One patient at reduced dose due to a small bleeding and one started at half 
(150 mg) dose post endoscopic surgery. 

b Information was available for 24 patients. 
c Information was available for 36 patients. 

Table 2 
Specification of type of surgery and localization of bleeding among patient 
treated with idarucizumab.  

Type of surgery n = 22 

Abdominal 5 (23%) 
Central or peripheral nervous system 5 (23%) 
Imaging invasive procedure 5 (23%) 
Spinal catheter prior to orthopedic surgery/lumbar puncture 4 (18%) 
Head and neck 2 (9%) 
Thoracic 1 (4%)  

Localization of bleeding n = 19 

Intracranial 10 (53%) 
Gastrointestinal 3 (16%) 
Aortic dissection 3 (16%) 
Cardiac tamponade 1 (5%) 
Urogenital tract 1 (5%) 
Skin 1 (5%)  
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Plasma dabigatran was measured prior to infusion in 24 patients, and 
dabigatran was present in all patients with a median level of 160 ng/mL 
(ranging from 35 to 1456 ng/mL). Three patients had extremely 
elevated plasma levels (>500 ng/mL); the highest measured in one 
patient was 1456 ng/mL and despite three additional 2.5 g idar-
ucizumab infusions (given within 36 h after the initial infusion), the 
effect of dabigatran was not completely reversed and continuous he-
modialysis was needed. 

The majority (92%) of the surviving patients resumed anticoagulant 
treatment during follow-up: 29 initiated treatment with LMWH within a 
few days (median 1 day (min 0; max 6)), most of whom (n = 20) were 
eventually re-initiated on dabigatran or another DOAC. The remaining 
patients re-initiated directly on oral anticoagulant treatment with 
dabigatran (n = 8) or rivaroxaban (n = 1) with a median time to re- 
initiation of 3 days. Three patients had left atrial appendage occlusion 
performed. 

Six patients experienced a bleeding episode (four GI bleedings, one 
skin bleeding and one ICH) 2–6 days after idarucizumab infusion. No 
patients experienced any thromboembolic events (Tables 3 and 4). 

4. Discussion 

In this study, we present detailed clinical information and 30-day 
outcomes for 46 patients treated with idarucizumab in clinical prac-
tice. The main findings were a completion of surgical interventions 
without report of excessive bleeding, achievement of effective haemo-
stasis in all but one bleeding patient and an overall 30-day survival rate 

of 83%. We observed attentiveness to restart of anticoagulant treatment, 
no thromboembolic complications and only few bleeding episodes. 

Compared to the study population in RE-VERSE-AD, our patient 
cohort was slightly younger (76 vs 78 years), more frequently male (74% 
vs 55%), had less comorbidities and had a higher eGFR (59 vs 53 mL/ 
min). In nearly half of patients (48%), idarucizumab was administered 
prior to acute surgery and in 43% because of bleeding. These findings 
differ from those reported in a Dutch study of real-world use of idar-
ucizumab in 88 consecutive patients between 2016 and 2018 [14]. In 
the Dutch cohort, 60% had severe bleeding as indication for treatment. 
Furthermore, the localization of bleeding differed with GI bleeding ac-
counting for 38% and ICH for 34% in the Dutch study compared with 
20% GI bleedings and 50% ICHs in our study. One may speculate that 
this difference could be explained by different attentiveness to the 
possibility of using idarucizumab and a difference in treatment guide-
lines in Holland compared with Denmark. Accordingly, Danish guide-
lines specifically mention ICH and bleeding with hypovolemia as 
indications for idarucizumab compared with the Dutch guidelines which 
use the less specific “life-threatening situations” [15,16]. 

In RE-VERSE AD they reported a median time to surgery of 1.6 h, 
which differ from our finding of 5.1 h. However, this difference is 
explained by different definitions of time to surgery. In RE-VERSE AD, 
they reported time from infusion to initiation of surgery, whereas we 
chose to employ the ‘time from recognized need of surgery’ as starting 
point, as this time spam may be considered an indicator of whether 
idarucizumab enables quicker initiation of surgery compared to the 
general recommendations on waiting time to surgery after dabigatran 
intake, which is a minimum of 8 h [17]. However, in order to make a 
direct comparison, we also calculated the time from infusion to initia-
tion of surgery and found a median time of 2.4 h. Our finding of no 
excessive bleeding during surgery is in line with the findings from RE- 
VERSE AD. 

The majority of bleeding patients presented with ICH (n = 10), three 
(33%) of whom died during follow-up. In comparison, the 30-day 
mortality rate for patients in oral anticoagulant treatment experi-
encing ICHs was found to be 24% in a systematic review including 219 
DOAC patients experiencing ICH [18]. 

Effective haemostasis within 48 h was achieved for all bleeding pa-
tients except for one patient with a complicated medical history. This 
finding is in line with other case-series on bleeding patients treated with 
idarucizumab. From Montefiore Medical Center in New York, Goriacko 
et al. reported clinical resolution of bleeding in six of seven cases and no 
adverse events [19]. Further, in the aforementioned Dutch study, they 
found that effective haemostasis was achieved in 74% of cases following 
idarucizumab use [14]. 

In our patient cohort, most patients were bridged with LMWH before 
re-initiating dabigatran or another DOAC. Attention to minimize the 
window without anticoagulation coverage combined with a plan for 
restart of anticoagulants at discharge is important, as this patient group 
is at high risk of experiencing thromboembolic events [20]. Importantly, 
none of the patients included in this study experienced a thromboem-
bolic event after idarucizumab infusion. 

Plasma dabigatran was measured before administration of idar-
ucizumab in half of the patients. This suggests that idarucizumab 
administration was guided by laboratory measurements in some cases, 
but also solely by clinical presentation and history of dabigatran intake 
in many others, as also noted in both the Dutch study and an observa-
tional German study [14,21]. The lack of laboratory measurements may 
be explained by the need for rapid decision-making in acute situations 
and limited availability of the required laboratory analysis (e.g. plasma 
dabigatran) in the period shortly after market introduction of 
idarucizumab. 

Also, several case reports have reported use of idarucizumab for 
patients experiencing elevated dabigatran levels due to excessive intake 
or renal insufficiency [22,23]. We identified three patients treated on 
this indication, all secondary to prior unrecognized or acute renal 

Fig. 1. Cumulative survival within 30 days of infusion for the four indications 
for idarucizumab treatment divided by the number of patients within each 
group and overall. 

Table 3 
Adverse events within 30 days of idarucizumab administration according to 
treatment indication.   

Indication for idarucizumab 

Adverse events 
within 30 days 
after infusion 

Acute 
surgery 
(n =
22) 

Major 
bleeding 
(n = 20a) 

Intoxication 
(n = 3) 

Prior to 
thrombolysis 
(n = 1) 

Total 
(n =
46) 

Any bleeding 2 (10%) 3 (15%) 1 (33%) – 6 
(13%) 

Thrombosis – – – – – 
Death 1 (5%) 5 (25%) 2 (66%) – 8 

(17%)  

a Two patients admitted with ICH had incomplete follow-up as they were 
moved to another region. However, both were alive after 30 days. 
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insufficiency. Two of these patients died from multi-organ failure; one 
non-bleeding patient with an extremely elevated plasma-dabigatran 
level experienced a rebound in plasma-dabigatran levels three hours 
after infusion and was therefore given additional infusions and later 
hemodialysis. A detailed case report has been published on this case 
[24]. The rebound effect was most likely caused by a redistribution of 
dabigatran from the extravascular space after initial neutralization. The 
phenomenon of redistribution of dabigatran after idarucizumab 
administration has been further evaluated in a post hoc analysis of a 
subpopulation from REVERSE-AD. This study demonstrated that pa-
tients with severe renal dysfunction who had re-elevated plasma-dabi-
gatran concentrations at 12–24 h after first measurements could be 
treated with a second 5 g infusion [25]. As these cases are complicated, 
further research on this subgroup is warranted. 

Case reports on use of idarucizumab prior to thrombolysis in acute 
stroke patients have recently been published [26,27]. A Slovenian study 
similar to ours found two patients (of 17 total) treated for this indication 
who experienced an improvement in National Institute of Health Stroke 
Scale and no adverse reactions [28]. In our cohort, one patient was 
treated with idarucizumab prior to thrombolysis, also without bleeding 
complications. As this remains a novel treatment strategy, we encourage 
more research in this area. 

A major strength of our study was the inclusion of unselected pa-
tients treated with idarucizumab regardless of indication and clinical 
outcome. This approach minimized the risk of selection bias. Likewise, 
concerning data collection, we were able to obtain rich clinical infor-
mation providing detailed insights on idarucizumab-treated patients 
and associated outcomes. 

The completeness of our method to capture idarucizumab users may 
be imperfect. However, in light of its use in acute settings, the recent 
introduction of the drug, and its current pricing, it is recommended that 
the prescribing physician explains the decision to treat a patient with 
idarucizumab in the patient’s medical records. Consequently, we believe 
all episodes in which idarucizumab were used have been described and 
logged in the medical records. 

An important limitation to the study design was the lack of a control 
group. Unfortunately, our data sources did not allow for identification of 
representative controls. Another study limitation was the retrospective 
design with the challenge of reconstructing clinical information 
regarding effective haemostasis and whether the decision to perform 
surgery was affected by the availability of idarucizumab. 

In RE-VERSE AD and RE-VECTO trials, patients were enrolled pro-
spectively, and data were collected by the treating physician according 
to predefined criteria. In our study, data were collected retrospectively, 
and thus, only information assessed necessary to register in the chart by 
the treating physician were available to us. This influences the details of 
our results, especially laboratory values, as many of the values provided 
in RE-VERSE AD are not routinely measured in clinical practice and 
were therefore only available in a limited number of cases. 

5. Conclusion 

This study of real-world application of idarucizumab demonstrated 
effectiveness in terms of surgery performed without excessive bleeding 

and cessation of severe bleeding in dabigatran-treated patients. Safety 
appeared high as no patients experienced thromboembolic complica-
tions within 30 days. Furthermore, we observed attentiveness to re- 
initiation of anticoagulant treatment. Patients with increased dabiga-
tran levels caused by renal failure represent a clinical challenge with 
need for further research and guidance. 
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