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Abstract: Background and Objectives: The effectiveness and safety of idarucizumab for the reversal of
the effects of dabigatran have been proven. However, there remains a paucity of literature comprehen-
sively investigating outcomes in real-world patients. This is especially true when comparing patients
who were eligible for inclusion in the RE-VERSE AD trial with patients who were ineligible. As the
prescription of dabigatran has become increasingly popular, the generalizability of the results to
real-world populations has come into question due to the broad variability of real-world patients
receiving dabigatran. Our study aimed to identify all patients who were prescribed idarucizumab and
examined how effectiveness and safety varied among those patients who were eligible and ineligible
for the trial. Materials and Methods: This retrospective cohort study analyzed the largest medical
database in Taiwan. We enrolled all patients who were prescribed and received idarucizumab from
when it became available in Taiwan up until May 2021. A Total of 32 patients were included and
analyzed, and they were further divided into subgroups based on their eligibility for inclusion in
the RE-VERSE AD trial. Multiple outcomes were evaluated, including successful hemostasis rate,
complete reversal efficacy of idarucizumab, 90-day thromboembolic events, intra-hospital mortality,
and adverse event rate. Results: In our study, we found that 34.4% of real-world cases of idarucizumab
use were ineligible for the RE-VERSE AD trials. The eligible group had higher successful hemostasis
rates (95.2% vs. 80%) and anticoagulant effect reversal rates compared to the ineligible group (73.3%
vs. 0%). The mortality rates were 9.5%, compared to 27.3% in the ineligible group. Few adverse
effects (n = 3) and 90-day thromboembolic events (n = 1) were observed in either group. Among
the ineligible cases, all acute ischemic stroke patients (n = 5) received definite, timely treatments
without complications. Conclusions: Our study demonstrated the real-world effectiveness and safety
of idarucizumab infusion for trial-eligible patients and all acute ischemic stroke patients. How-
ever, although it seems to be effective and safe, idarucizumab appears to be less effective in other
trial-ineligible patients. Despite this result, our study provides further evidence for extending the
applicability of idarucizumab in real-world scenarios. Our study suggests that idarucizumab can
be a safe and effective option for reversing the anticoagulant effect of dabigatran, particularly for
eligible patients.

Keywords: idarucizumab; dabigatran; reversal agents

1. Introduction

Dabigatran is widely used due to its clinical advantages over other anticoagulants,
including its good tolerance, low potential for drug–drug interaction, predictable phar-
macokinetics, and absence of need for frequent coagulation monitoring [1–8]. As the
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prescription of dabigatran has become gradually more popular, the reported annual major
bleeding rate has varied from 2.71 to 3.36% [1]. To manage life-threatening situations
associated with dabigatran, idarucizumab, a humanized dabigatran-specific monoclonal
antibody with high affinity and specificity, was approved by the U.S. Food and Drug
Administration and the European Medicines Agency in 2015 for patients suffering from
uncontrolled bleeding or requiring emergency interventions. There are no contraindica-
tions for the administration of idarucizumab. [9,10]. The RE-VERSE AD study showed that
idarucizumab is a rapid, safe, and lasting reversal agent in life-threatening scenarios, with
an average hemostasis rate of 80.4% and 13.1% mortality, along with a 4.8% 30-day throm-
boembolic event rate [11]. The RE-VECTO study, a global surveillance program, further
illustrated the global idarucizumab usage pattern in clinical practice and also demonstrated
a low percentage of off-label use (<2%) [12].

After initial marketing, the effectiveness and safety of idarucizumab were evaluated
through several studies, and these studies demonstrated a high rate of successful hemosta-
sis with only a few thrombotic events or other serious adverse drug events (ADEs) [13–18].
The most commonly reported adverse reactions are headache and erythema [4,9]. However,
since the guidance for the use of idarucizumab is based on indications from the preceding
trials, the generalizability of idarucizumab has come into question due to the great vari-
ability of real-world patients receiving dabigatran [11,19]. Recently, a growing number of
scenarios have seemed to benefit from idarucizumab use, such as ischemic stroke patients
facing intravenous thrombolysis or intravenous tissue plasminogen activator treatment,
which have been widely investigated [20–26]. Therefore, a better understanding of the
breadth of applicability of idarucizumab is urgently needed to enhance the safety and
well-being of dabigatran-treated patients.

There remains a paucity of comprehensive literature examining outcomes in real-
world patients, especially in terms of comparing patients who would have been eligible
for inclusion in the RE-VERSE AD trial with those who would have been ineligible. In
our study, we aimed to examine all patients who were prescribed idarucizumab in one of
the largest medical centers in Taiwan. Our goals were to determine how effectiveness and
safety varied between patients who would have met the inclusion criteria of the RE-VERSE
AD trial and those who would not have.

2. Methods
2.1. Study Design and Setting

We performed a retrospective and observational cohort study by analyzing the elec-
tronic medical records from the Chang Gung Research Database (CGRD). As one of the
largest healthcare providers in Taiwan, Chang Gung Memorial Hospital annually handles
an average of 8.6 million outpatient visits and around 370,000 admissions. The CGRD is the
largest multi-institutional database in Taiwan, containing individual data from about 6% of
the Taiwanese population [27,28]. This study was approved by the Chang Gung Medical
Foundation Institutional Review Board, which waived the need for informed consent (IRB
Number: 202101259B0).

2.2. Study Population, Eligibilities, and the Infusion Protocol for Idarucizumab

The inclusion criteria of our study were being more than 18 years old and receiving
dabigatran. The only exclusion criterion was if patients did not actually receive the infusion
following prescription. We enrolled all patients who were prescribed idarucizumab from
when it became available in Taiwan, up until May 2021. Based on the inclusion criteria
for the RE-VERSE AD trial, which can be retrieved from the study protocol of the trials,
the potential trial eligibility of the individual patients who received idarucizumab was
evaluated. This evaluation of eligibility was conducted by two independent reviewers
(C.-H.W., J.-W.D.), whereby disagreements between the two reviewers were resolved in
consultation with the senior author (S.-C.L.). We further divided all patients administered
idarucizumab into three subgroups based on their eligibility category: Group A (uncontrol-
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lable or life-threatening bleeding, which is eligible for the RE-VERSE AD trials), Group B
(emergent surgery or invasive procedures, which is eligible for the RE-VERSE AD trials),
and Group C (ineligible for the RE-VERSE AD trials). As demonstrated in the RE-VERSE
AD trial, adult patients who were receiving dabigatran and required surgery or an invasive
procedure that could not be delayed for at least eight hours, or who were experiencing
uncontrollable or life-threatening bleeding, were included. Patients who did not receive
dabigatran, had minor bleeding, had elective surgery, or had a low risk of uncontrolled
bleeding during the procedure were excluded. Following the inclusion and exclusion
criteria of the RE-VERSE AD trial, we considered patients ineligible and classified them
as Group C if they did not receive dabigatran or did not meet the specific or emergent
conditions outlined in the trial. The definition of major and life-threatening bleeding was in
accordance with the bleeding scale of the International Society of Thrombosis and Hemosta-
sis (ISTH) [29]. Emergent surgery and invasive procedures were defined as interventions
that could not be delayed by more than 8 h and situations where normal hemostasis was
required [11].

The suitability of patients for idarucizumab infusion was evaluated by two physi-
cians acting independently. Clinically, idarucizumab is administered intravenously as
two consecutive infusions at 2.5 g/50 mL each, with at least a 10 min interval between
each infusion.

2.3. Data Collection and Outcomes

We retrospectively collected the baseline characteristics for all patients prior to idaru-
cizumab treatment. These parameters included age, sex, body weight, underlying comor-
bidity such as hypertension, diabetes mellitus, heart failure, previous ischemic stroke, acute
coronary syndrome, and previous systemic embolism. We also recorded indications for
dabigatran use, the daily dabigatran dosage, and laboratory data both before and after
idarucizumab infusion, including creatinine clearance, activated partial thromboplastin
time, international normalized ratio, hemoglobin level, and platelet count. Additionally,
we calculated the CHA2DS2-VASc score, HAS-BLED score, and NIHSS score. To retrieve
detailed information and the laboratory data of the selected patients, we retrieved electronic
medical records from the Chang Gung Research Database (CGRD).

The primary safety outcome was defined as 90-day thromboembolic events, which
comprised arterial (i.e., ischemic stroke, myocardial infarction, or peripheral vascular
disease) or venous thromboembolism (i.e., deep vein thrombosis or pulmonary embolism).
The secondary safety outcome was intra-hospital mortality, which was defined as death
by any cause, documented in the medical record after idarucizumab infusion, during
hospitalization. The third safety outcome was the rate of adverse events within 30 days.
The adverse events included all adverse symptoms that were judged by the investigators
to be related to idarucizumab.

The primary effectiveness outcome was the hemostasis rate, which was assessed
and defined in accordance with the effectiveness of hemostasis, followed the Interna-
tional Society on Thrombosis and Hemostasis (ISTH) guidance, and varied depending
on the situation [30]. The time of infusion of idarucizumab and the day of occurrence of
thromboembolic events were both collected. The secondary effectiveness outcome was the
reversal efficacy of idarucizumab. Complete reversal of anticoagulant effects was defined as
the normalization of the activated partial-thromboplastin time (aPTT) after idarucizumab
infusion. We chose aPTT over the diluted thrombin time (dTT) or the ecarin clotting time
(ECT), as used in the RE-VERSE AD study, because the latter are not commonly used or
available in the usual clinical settings in Taiwan [11]. Thus, we collected the blood sampling
time and an aPTT value before and after infusion of idarucizumab. However, it is important
to note that normal aPTT might not exclude on-therapy levels of dabigatran, and results
should be interpreted cautiously [31].
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2.4. Statistical Analysis

Descriptive statistics were used in this study. The categorical variables of the baseline
demographic are presented in percentages (%) and the continuous variables are expressed
as mean ± standard deviation (SD).

3. Results
3.1. Characteristics and Eligibility of Patients

We identified 47 patients from the Chang Gung Research Database (CGRD), all of
whom were prescribed idarucizumab following its approval for use in Taiwan. However,
15 of these patients eventually did not receive idarucizumab. Among these 15 patients,
12 patients received catheter ablation for atrial fibrillation or left atrial appendage occlusion.
Given the risk of bleeding during the procedure, which includes transseptal puncture and
ablation for pulmonary vein isolation, operators usually prescribe preparations in case
complications arise. One patient was misprescribed and did not receive an infusion, and
one was using edoxaban and thus there was no administration of idarucizumab. The other
patient was not infused with iarucizumab because no drug was available at that time. The
study included the remaining 32 patients who received idarucizumab, with a mean age
of 76.2 years and 46.9% being male. All patients received two consecutive infusions of
2.5 g/50 mL each (5 g of Idarucizumab). Of these 32 patients, 21 would have been eligible
for the RE-VERSE AD trials. Their mean age was 79.6 years and 47.6% were male. More
detailed baseline characteristics of the included patients are listed in Table 1.

Table 1. The demographics and clinical data of patients who received idarucizumab.

Variable All
n = 32

Eligible for
Trials n = 21

Group A
n = 16

Group B
n = 5

Group C
n = 11

RE-VERSE AD,
n = 503

Male, n (%) 15 (46.9%) 10 (47.6%) 8 (50%) 2 (40%) 5 (45.5%) 274 (54.5%)
Age, mean (SD, years old) 76.2 (11.5) 79.6 (9.6) 81.2 (9.3) 74.6 (9.8) 69.5 (12.5) 78

Body weight, median (SD, kg) 63.6 (14.2) 60.2 (11.9) 60.6 (11.8) 58.9 (13.8) 70.3 (16.6) 75
Comorbidity, n (%)

Hypertension 19 (59.3%) 11 (52.4%) 10 (62.5%) 1 (20%) 8 (72.7%) 394 (78.3%)
Diabetes mellitus 10 (31.3%) 8 (38.1%) 5 (31.3%) 3 (60%) 2 (18.2%) 152 (30.2%)

Heart failure 11 (34.4%) 8 (38.1%) 6 (37.5%) 2 (40%) 3 (27.3%) 182 (36.2%)
Previous ischemic stroke 14 (43.8%) 8 (38.1%) 5 (31.3%) 3 (60%) 6 (54.6%) 47 (9.3%)

Acute coronary syndrome 3 (9.4%) 3 (14.3%) 2 (12.5%) 1 (20%) 0 (0%) 178 (35.4%)
Previous systemic embolism 6 (18.8%) 5 (23.8%) 5 (31.3%) 0 (0%) 1 (9.1%) 36 (7.2%)

Creatinine clearance, mL/min
(%)
≥80 9 (28.1%) 4 (19.0%) 3 (18.8%) 1 (20%) 5 (45.5%) 108 (21.5%)

30–80 20 (62.5%) 14 (66.7%) 10 (62.5%) 4 (80%) 6 (54.6%) 290 (57.6%)
<30 3 (9.4%) 3 (14.3%) 3 (18.8%) 0 (0%) 0 (0%) 91 (18.1%)

Dabigatran indications
Atrial fibrillation 27 (84.4%) 19 (90.5%) 14 (87.5%) 5 (100%) 8 (72.7%) 478 (95%)

Systemic embolism 5 (15.6%) 4 (19.0%) 4 (25%) 0 (0%) 1 (9.1%) 9 (1.8)
CHA2DS2-VASc score, median 4.9 5.2 5.3 5.0 4.2 N/A

HAS-BLED score, median 2.7 2.9 3.2 1.8 2.5 N/A
Initial NIHSS score, median 13.5 15 N/A 15 13.2 N/A

Daily dose of dabigatran, n (%)
150 mg twice daily 6 (18.8%) 5 (23.8%) 4 (25%) 1 (20%) 1/7 (14.3%) 151 (30%)
110 mg twice daily 22 (68.8%) 16 (76.2%) 12 (75%) 4 (80%) 6/7 (85.7%) 311 (61.8%)

Successful hemostasis, n (%) 24/26 (92.3%) 20/21 (95.2%) 15 (93.8%) 5 (100%) 4/5 (80%) 80.4%
Complete reversal of

anticoagulant effects, n (%) a 11/25 (44.0%) 11/15 (73.3%) 9/12 (75%) 2/3 (66.7%) 0/10 (0%) N/A

Mortality, n (%) b 5 (15.6%) 2 (9.5%) 2 (12.5%) 0 (0%) 3 (27.3%) 13.1%
Thromboembolic events, n (%) c 1 (3.1%) 1 (4.8%) 0 (0%) 1 (20%) 0 (0%) 24 (4.8%)
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Table 1. Cont.

Variable All
n = 32

Eligible for
Trials n = 21

Group A
n = 16

Group B
n = 5

Group C
n = 11

RE-VERSE AD,
n = 503

Rebleeding rate, n (%) 1/26 (3.9%) 1/21 (4.8%) 1 (6.3%) 0 (0%) 0/5 (0%) 10 (2.0%)
Resumption of DOAC, n (%) 20 (62.5%) 14 (66.7%) 10 (62.5%) 4 (80%) 6 (54.5%) N/A

Choice of DOAC after
resumption, n (%) N/A

Dabigatran 9 (28.1%) 5 (23.8%) 3 (18.8%) 2 (40%) 4 (36.4%) N/A
Apixaban 4 (12.5%) 3 (14.3%) 2 (12.5%) 1 (20%) 1 (9.1%) N/A
Edoxaban 2 (6.3%) 2 (9.5%) 2 (12.5%) 0 (0%) 0 (0%) N/A

Rivaroxaban 2 (6.3%) 1 (4.8%) 1 (6.3%) 0 (0%) 1 (9.1%) N/A
Other

anticoagulants/antiplatelets 3 (9.4%) 3 (14.3%) 2 (12.5%) 1 (20%) 0 (0%) N/A

Adverse side effects d, n (%) 3 (9.4%) 2 (9.5%) 0 (0%) 2 (40%) 1 (9.1%) 117 (23.3%)
Laboratory data before

idarucizumab
aPTT, median (s) 43.6 42.3 52.9 33.7 35.7 N/A

Prolonged aPTT, n (%) 17 (53.1%) 16 (76.2%) 13 (81.3%) 3 (60%) 1 (9.1%) 372 (74.2%)
INR, median, median (s) 2.1 2.3 2.6 1.2 1.8 N/A
Platelet count, median

(1000/µL) 194.9 205.0 187.3 261.6 175.7 N/A

Hemoglobin, median (g/dL) 11.2 10.2 9.2 13.4 13.2 N/A
Laboratory data after

idarucizumab
aPTT, median (s) 34.5 33.1 35 25.6 38.6 N/A

INR, median, median (s) 1.3 1.3 1.3 1.1 1.3 N/A

DOAC: direct oral anticoagulant; aPTT: activated partial thromboplastin time; INR: international normalized
ratio. a Defined as normalization of the activated partial-thromboplastin time (aPTT) after idarucizumab infusion.
b Defined as intra-hospital mortality, consisting of death by any cause, documented in the medical record, after
idarucizumab infusion, during hospitalization. c Including all arterial and venous thromboembolic events.
d Including adverse effects related to idarucizumab within 30 days.

We further divided the 32 patients into three subgroups. Group A contained 16 pa-
tients, including 8 with massive gastrointestinal bleedings, 4 with intracranial hemorrhages,
3 with symptomatic bleedings in a critical area, and 1 with massive hemoptysis. Group
B comprised 5 patients, with 4 receiving surgeries due to intracranial hemorrhage and
1 undergoing emergent laparotomy. In Group C, patients were deemed ineligible for
idarucizumab due to the reasons such as receiving intra-arterial thrombectomy (IA) or
tissue plasminogen activator (TPA) infusion (45.5%, n = 5), not taking dabigatran (36.4%,
n = 4), sepsis with disseminated intravascular coagulation but without active bleeding
(9.1%, n = 1), and minor intramuscular bleeding (9.1%, n = 1). The study flowchart is
presented in Figure 1.

3.2. The Safety and Effectiveness Outcomes of the Patients

Regarding the safety outcomes (Tables 1 and 2), only one thromboembolic event with
ischemic stroke was reported in the eligible group and none were reported among ineligi-
ble patients, with an overall thromboembolic event rate of 3.1% (1/32). The intra-hospital
mortality rate was higher in the ineligible group (27.3%) compared to the eligible group
(9.5%). Of all patients who received the infusion, only one patient (3.9%) with intracranial
hemorrhage experienced rebleeding after receiving idarucizumab. The overall rate of ad-
verse events was 9.4% (n = 3), with two patients in the eligible group experiencing delirium
and aspiration pneumonia, and one patient in the ineligible group experiencing pneumonia.
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Figure 1. Study flowchart of the included patients.

Table 2. Real-world effectiveness of idarucizumab based on the major exclusion criteria of the
REVERSE AD trial.

Patients,
n (%)

Hemostasis,
n (%)

Post-Infusion
Bleeding, n (%)

Thromboembolic or
Adverse Events a, n (%)

Mortality b,
n (%)

Total patients 32 (100%) 24/26 (92.3%) 1/26 (3.9%) 1 (3.1%) 5 (15.6%)
Ineligible patients 11 (34.3%) 4/5 (80%) 0/5 (0%) 0 (0%) 3/11 (27.3%)

Before TPA c 5 (15.6%) N/A N/A 0/5 (0%) 0/21 (0%)
Did not take dabigatran 4 (12.5%) 3/4 (75%) 1/4 (25%) 0/4 (0%) 2/4 (50%)

Minor bleeding 1 (3.1%) 1/1 (100%) 0/1 (%) 0/1 (0%) 0/1 (0%)
Sepsis without active bleeding 1 (3.1%) N/A N/A 0/1 (0%) 1/1 (100%)

Eligible patients 21 (65.6%) 20/21 (95.2%) 1/21 (4.8%) 1/21 (4.8%) 2/21 (9.5%)
a Included all arterial and venous thromboembolic events. b Defined as intra-hospital mortality, consisting of
death by any cause, documented in the medical record, after idarucizumab infusion, during hospitalization.
c TPA: tissue plasminogen activator.

In terms of the difference in effectiveness between eligible and ineligible patients
(Tables 1 and 2), the rate of successful hemostasis was higher in the eligible group (95.2%
versus 80%). Furthermore, in the eligible group, 73.3% (11/15) of the patients achieved
complete reversal of anticoagulant effects, with a median aPTT of 43.6 s prior to infusion of
idarucizumab. However, in the ineligible group, none of the patients achieved complete
reversal (0/10), with a median aPTT of 35.7 s before infusion. The detailed information is
summarized in Table 3.
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Table 3. Baseline characteristics and clinical outcomes in study patients.

Patient
Number

Gender
(Age)

CCR,
mL/min DOAC Dosage HASBLEED

Score
CHA2DS2-VASc

Score
Eligibility for
REVERSE AD Hemostasis

Thromboem-
bolic or Adverse

Effects
Mortality

Group A: uncontrollable or life-threatening bleeding

1 Male
(89) 21.2 Dabigatran,

150 mg, BID 4 4 Yes
(GI bleeding) Yes No Yes

2 Male
(65) 40.1 Dabigatran,

150 mg, BID 5 4 Yes
(ICH) No No No

3 Female
(92) 64.1 Dabigatran,

150 mg, BID 2 8 Yes
(GIB) Yes No No

4 Female
(89) 31.3 Dabigatran,

150 mg, BID 3 5 Yes
(GIB) Yes No No

5 Male
(68) 56.7 Dabigatran,

110 mg, BID 3 6
Yes

(Compartment
syndrome)

Yes No No

6 Female
(84) 50.4 Dabigatran,

150 mg, BID 4 7
Yes

(Compartment
syndrome)

Yes No No

7 Female
(85) 72.5 Dabigatran,

150 mg, BID 4 5 Yes
(ICH) Yes No No

8 Male,
(87) 58.5 Dabigatran,

150 mg, BID 2 7 Yes
(ICH) Yes No No

9 Female
(91) 34 Dabigatran,

150 mg, BID 4 6
Yes

(Compartment
syndrome)

Yes No No

10 Male
(75) 82.4 Dabigatran,

150 mg, BID 2 3 Yes
(ICH) Yes No No

11 Male
(76) 83.1 Dabigatran,

150 mg, BID 3 5 Yes
(GIB) Yes No No

12 Female
(77) 14.25 Dabigatran,

110 mg, BID 6 6 Yes
(Hemoptysis) Yes No No

13 Female
(88) 46.8 Dabigatran,

150 mg, BID 3 7 Yes
(GIB) Yes No No

14 Female
(64) 6.2 Dabigatran,

110 mg, BID 2 2 Yes
(GIB) Yes No No

15 Male
(82) 39.1 Dabigatran,

110 mg, BID 3 5 Yes
(GIB) N/A No Yes

16 Male
(87) 91.4 Dabigatran,

150 mg, BID 1 5 Yes
(GIB) N/A No No

Group B: Emergency surgery or invasive procedures

17 Female
(92) 70.4 Dabigatran,

150 mg, BID 1 3 Yes
(PPU) Yes Yes No

18 Male,
(70) 56.7 Dabigatran,

150 mg, BID 2 6 Yes
(ICH) Yes No No

19 Male
(71) 56.9 Dabigatran,

150 mg, BID 3 4 Yes
(ICH) Yes Yes No

20 Female
(71) 105.8 Dabigatran,

110 mg, BID 1 6 Yes
(ICH) Yes No No

21 Female
(69) 79 Dabigatran,

150 mg, BID 2 6 Yes
(ICH) N/A Yes No

17 Female
(92) 70.4 Dabigatran,

150 mg, BID 1 3 Yes
(PPU) Yes Yes No

Group C: Ineligible for clinical trials (RE-VERSE AD)

22 Male
(62) 51.5 Dabigatran,

150 mg, BID 2 6 NO
(Pre-TPA/IA) Yes No No

23 Female
(63) 59.6 Dabigatran,

150 mg, BID 3 7 NO
(Pre-TPA) Yes No No

24 Female
(70) 87.3 Dabigatran,

150 mg, BID 3 3 NO
(Pre-TPA) Yes No No

25 Male
(53) 70 Dabigatran,

150 mg, BID 2 1 NO
(Pre-TPA) Yes No No

26 Male
(91) 105.9 Dabigatran,

150 mg, BID 3 4 NO
(Pre-TPA) Yes Yes No

27 Male
(79) 47.9 Rivaroxaban,

10 mg QD 2 2
NO

(did not take
dabigatran)

1 No NO

28 Female
(55) 89.1

Rivaroxaban,
1/4 10 mg BID 4 6

NO
(did not take
dabigatran)

1 No Yes

29 Female
(77) 90.22 Apixaban, 5

mg QD 2 5
NO

(did not take
dabigatran)

0 No Yes

30 Male
(64) 34.4 Rivaroxaban,

15 mg QD 0 1
NO

(did not take
dabigatran)

1 No No
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Table 3. Cont.

Patient
Number

Gender
(Age)

CCR,
mL/min DOAC Dosage HASBLEED

Score
CHA2DS2-VASc

Score
Eligibility for
REVERSE AD Hemostasis

Thromboem-
bolic or Adverse

Effects
Mortality

31 Female
(87) 71.9 Dabigatran,

110 mg, BID 4 6

NO
(Sepsis without

active
bleeding)

N/A No Yes

32 Female
(64) 121 Dabigatran,

150 mg, BID 2 5
NO

(minor
bleeding)

1 No No

4. Discussion

Our study revealed that 34.4% of the real-world cases of idarucizumab use would
have been ineligible for inclusion in the RE-VERSE AD trials. Our findings confirmed
that idarucizumab is safe and effective for Taiwanese patients who meet the eligibility
criteria of the RE-VERSE AD trials, as well as for acute ischemic stroke patients facing
emergent interventions who would have been ineligible. On the other hand, our results
also suggested that the safety profile of idarucizumab is comparable, but its effectiveness
may be limited, in other patient groups who would have been ineligible for the trials.

In this retrospective study, we aimed to evaluate the effectiveness and safety outcomes
of idarucizumab in an Asian population, stratified by eligibility for participation in the
RE-VERSE AD trial. The eligible and ineligible groups had similar sex distribution, body
weight, and daily dose of dabigatran, but the eligible group was older (79.6 vs. 69.5 years
old) and had a higher previous systemic embolism rate (23.8% vs. 9.1%) and a higher base-
line median aPTT value (43.2 vs. 35.7 s). The overall successful hemostasis rate among the
potentially eligible patients was high (95.2%), with a considerable rate of complete reversal
of anticoagulant effects (73.3%) and excellent safety outcomes, including a low throm-
boembolic event rate (4.8%), rebleeding rate (4.8%), intra-hospital mortality rate (9.5%) and
adverse event rate (9.5%), compared to the original RE-VERSE AD trials. Thus, consistent
with previous studies, idarucizumab generally provided instant and effective reversal of an-
ticoagulant effects with few post-infusion side effects, regardless of race [11,13,15–17,32,33].
By contrast, among ineligible patients, the successful hemostasis rate (80%) and reversal
of anticoagulant effects (0%) were less prominent, despite a low adverse event rate (9.1%),
rebleeding rate (0%), and thromboembolic event rate (0%). Nonetheless, among these
ineligible patients, dabigatran-treated acute ischemic stroke patients were able to safely
receive intravenous thrombolysis or intravenous tissue plasminogen activator treatment
after the infusion with idarucizumab.

For dabigatran-treated acute ischemic stroke patients, hemorrhagic transformation
was the major concern before definite intervention such as intravenous thrombolysis or
intravenous tissue plasminogen activator treatment. In our study, around half of the
trial-ineligible patients were acute ischemic stroke patients who qualified for intravenous
thrombolysis (n = 1, 20%) or intravenous tissue plasminogen activator treatment (n = 5,
100%). The median initial NIHSS score was 13.2, and all had uneventful courses except for
one patient who developed subsequent aspiration pneumonia. The average time from the
infusion to the definite intervention was 29 min. A recent systematic review of dabigatran-
treated patients infused with idarucizumab before intravenous thrombolysis or intravenous
tissue plasminogen activator demonstrated the effectiveness and safety of this therapeu-
tic strategy. The review found favorable outcomes regarding the rate of hemorrhagic
transformation and mortality compared to non-anticoagulated patients [21,23,26,34]. Our
findings are comparable to the results of previous studies in which idarucizumab was
not only a feasible therapeutic strategy but also saved valuable time for the subsequent
definite treatments.

Our study also included other trial-ineligible patients from previous trials. A total of
11 patients were found to be ineligible for the study. Among these 11, 4 patients were not
eligible due to not taking dabigatran (three were taking rivaroxaban, and one was taking
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apixaban), whereas 2 patients were not experiencing life-threating bleeding. In addition,
5 patients taking dabigatran received tissue plasminogen activator (TPA) for acute ischemic
stroke. Despite the low case numbers, the findings in these patients are consistent with the
fact that idarucizumab is the specific reversal agent for dabigatran—higher mortality rate
(60%), lower successful hemostasis rate (80%), and low complete anticoagulant reversal rate
(0%). Therefore, the assumption that this therapeutic strategy may have limited value in
this non-qualified population is reasonable [14]. Further research is required to determine
the efficacy of idarucizumab in this subset of patients, given the small sample size of
our study.

Among the 47 patients who were prescribed idarucizumab, 12 (25.5%) were atrial
fibrillation patients who underwent radiofrequency catheter ablation. The infusion of idaru-
cizumab was not performed because there was no uncontrolled major bleeding during
the intervention. Given the high risk of bleeding during the procedure, which involves
transseptal puncture and ablation of the left atrium for pulmonary vein isolation, the anti-
coagulant strategy for patients with atrial fibrillation who undergo catheter ablation merits
attention. Uninterrupted dabigatran is one of the preferred anticoagulant strategies, not
only because it has fewer bleeding complications, but also because specific reversal agents
are available [35–39]. The hemostasis rate of idarucizumab in an uncontrolled bleeding
situation during catheter ablation is around 80%, with few adverse effects reported [38,40].
Thus, despite none of the patients who underwent radiofrequency catheter ablation actually
being administered idarucizumab, uninterrupted dabigatran, with prepared idarucizumab
on standby for emergency situations appears feasible in clinical settings which were not
studied in the RE-VERSE AD trials.

In terms of adverse effects in real-world settings, the most common relevant side
effects include delirium (7%), constipation (7%), pyrexia (6%) and pneumonia (6%) [14].
In comparison to the RE-VERSE AD trials where 23.3% (117/503) of the enrolled patients
reported side effects, our study had a lower incidence, at 9.4% (3/32), with only one patient
experiencing delirium and two patients developing aspiration pneumonia. Thromboem-
bolic events were also a major concern due to the rebound effect. In the RE-VERSE AD trials,
the thromboembolic event rate was 4.8% (24/503), whereas in our study, only a single event
was found. This patient had atrial fibrillation and left middle cerebral artery infarction with
hemorrhage transformation, in 2017, while taking dabigatran 150 mg twice daily to prevent
ischemic stroke. In May 2021, the patient was prescribed idarucizumab due to left chronic
subdural hemorrhage with midline shift (3.5 mm). Following treatment, the patient was
discharged and did not use dabigatran or other anticoagulants after discharge. However,
the patient experienced left-sided weakness and a recurrent ischemic stroke in the right
temporo-occipital area and right subacute SDH with midline shift (10.2 mm), as revealed by
a magnetic resonance imaging conducted on 23 June 2021. The patient received subdural
drainage and recovered well without focal neurological signs. Eventually, the patient
received dabigatran 110 mg twice daily again and refused left atrial appendage occlusion
after discussion with a cardiovascular doctor. The time interval between the infusion of
idarucizumab and the onset of right temporo-occipital ischemic stroke was 35 days. In
our study, we found a lower rate of 90-day thromboembolic events, 3.1%. Additionally, a
recent meta-analysis reported a pooled thromboembolic event rate of around 5.5% over
90 days in patients treated with a specific antidote [15,33]. Therefore, despite the proven
safety record of idarucizumab, close monitoring for possible adverse effects is necessary in
real-world settings.

Patients with atrial fibrillation commonly have coronary artery disease, and treating
them with anticoagulants combined with antiplatelet therapy can be complex and challeng-
ing. Dual antiplatelet therapy (DAPT) is necessary for acute coronary syndrome, or stenting
for coronary artery disease, and oral anticoagulants for stroke prevention are indicated
in these patients due to a CHA2DS2-VASc score of at least 1, as well as the simultaneous
presence of other cardiovascular risk factors. The 2021 European Heart Rhythm Associa-
tion Practical Guide suggests that the use of direct oral anticoagulant (DOAC) combined
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with DAPT for up to 30 days may be advisable in patients with a high atherothrombotic
risk, followed by a shift to therapy with DOAC combined with P2Y12 inhibitor for six
months to one year [39]. However, the guideline also emphasizes the need to individualize
the duration of combined therapy of DAPT and DOAC based on atherothrombotic and
bleeding risk, as the risk of bleeding is expectedly elevated when anticoagulants are com-
bined with antiplatelet therapy, creating a dilemma in clinical practice when the patient
experiences life-threatening bleeding or requires emergency surgery. Additionally, the
specific combination of drugs used in triple therapy may have an impact on the risk of
bleeding complications [41]. To our knowledge, only two case reports have discussed the
use of idarucizumab in this condition, and there are no trials addressing this issue [42,43].
Despite few case reports discussing the use of idarucizumab in patients with both atrial
fibrillation and coronary artery disease, it may be a useful option in these patients who
face life-threatening bleeding or require emergency surgery. Further research is needed to
better understand how the composition of triple therapy affects the incidence and severity
of bleeding complications and to evaluate the efficacy and safety of idarucizumab in this
specific population.

The major strength of our study is that it provides comprehensive results for an
idarucizumab-treated population and compares the effectiveness and safety outcomes with
respect to patients’ trial eligibility, which has seldom been reported before. Relatively
few studies have investigated the effectiveness and safety of idarucizumab in an Asian
population. However, some limitations remain to our study. First, our study is retrospective,
which means it could be subject to selection bias and confounding factors. Second, due
to the relative infrequency of idarucizumab infusion, and despite utilizing the largest
multi-institutional database in Taiwan, we were only able to enroll a smaller number
of patients compared to previous trials. This limitation may restrict the generalizability of
our findings and there may be differences in patient characteristics or treatment practices
across different institutions. Third, the unknown duration between the last administration
of dabigatran and the infusion of idarucizumab may have influenced our assessment of the
effectiveness of idarucizumab. However, this aspect brings our study closer to real-world
clinical conditions. Fourth, since our study lacked a control arm, it is not possible to make
a direct comparison. As a result, the findings should be interpreted with caution. Fifth,
in our study, the infusion rate of idarucizumab was not recorded in our medical records.
Consequently, we were unable to gather additional information regarding the infusion
rate and make comparisons to previous studies regarding safety and efficacy outcomes.
Sixth, the timing of aPTT measurement varied in our study, with most of the data collected
covering hours to days, or some data not being collected at all. In addition, some exact
times of idarucizumab infusion were not available. The variability in the timing of aPTT
measurements and the lack of exact timings of idarucizumab infusion made it difficult
for us to assess the onset of the drug’s reversal effect, resulting in some inaccuracy in the
determination of successful hemostasis rates. Finally, due to the nature of the study, several
important issues were not addressed, such as choice of anticoagulants for resumption after
the infusion.

5. Conclusions

In Taiwan, 34.4% of real-world cases of idarucizumab use would have been ineligible
for participation in the initial safety and efficacy trials. However, our study has demon-
strated the real-world effectiveness and safety of administration of idarucizumab among
those who would have been eligible for the trials, as well as among acute ischemic stroke pa-
tients, regardless of their eligibility for the trials. In contrast, for trial-ineligible patients,
although idarucizumab administration seems to be safe, it appears to be less effective.
Our study provided further evidence for extending the applicability of idarucizumab in
real-world scenarios.
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