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A BS T R AC T
BACKGROUND

Idarucizumab, a monoclonal antibody fragment, was developed to reverse the anticoagulant effect of dabigatran.
METHODS

We performed a multicenter, prospective, open-label study to determine whether
5 g of intravenous idarucizumab would be able to reverse the anticoagulant effect
of dabigatran in patients who had uncontrolled bleeding (group A) or were about
to undergo an urgent procedure (group B). The primary end point was the maximum
percentage reversal of the anticoagulant effect of dabigatran within 4 hours after
the administration of idarucizumab, on the basis of the diluted thrombin time or
ecarin clotting time. Secondary end points included the restoration of hemostasis
and safety measures.
RESULTS

A total of 503 patients were enrolled: 301 in group A, and 202 in group B. The median maximum percentage reversal of dabigatran was 100% (95% confidence interval, 100 to 100), on the basis of either the diluted thrombin time or the ecarin clotting
time. In group A, 137 patients (45.5%) presented with gastrointestinal bleeding and
98 (32.6%) presented with intracranial hemorrhage; among the patients who could
be assessed, the median time to the cessation of bleeding was 2.5 hours. In group B,
the median time to the initiation of the intended procedure was 1.6 hours; periprocedural hemostasis was assessed as normal in 93.4% of the patients, mildly abnormal in 5.1%, and moderately abnormal in 1.5%. At 90 days, thrombotic events had
occurred in 6.3% of the patients in group A and in 7.4% in group B, and the mortality rate was 18.8% and 18.9%, respectively. There were no serious adverse safety
signals.
CONCLUSIONS

In emergency situations, idarucizumab rapidly, durably, and safely reversed the anticoagulant effect of dabigatran. (Funded by Boehringer Ingelheim; RE-VERSE AD
ClinicalTrials.gov number, NCT02104947.)
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atients who are receiving oral anticoagulant therapy for the prevention or
treatment of thrombosis may benefit from
anticoagulant reversal if they present with lifethreatening bleeding or if they will be undergoing urgent surgery or intervention. Therefore,
the availability of specific reversal agents has the
potential to improve the benefit–risk profile of
long-term anticoagulant therapy and to increase
patient and physician acceptance of such treatment. Idarucizumab is a humanized monoclonal
antibody fragment that binds dabigatran with
high affinity and specificity and rapidly reverses
its anticoagulant activity.1 Idarucizumab has been
licensed in many countries, in part on the basis
of the results of an interim analysis of data on
the first 90 patients enrolled in the Reversal
Effects of Idarucizumab on Active Dabigatran
(RE-VERSE AD) study.2 This report provides data
on the entire cohort of 503 patients included in
that study and validates the results of the interim analysis.

Me thods
Study Design and Oversight

We conducted a multicenter, prospective, singlecohort study.3 The rationale for not including a
control group has been described previously.2,3 A
steering committee composed of representatives
from academia and the sponsor (Boehringer
Ingelheim) assumes final responsibility for the
design and conduct of the study. The study protocol, which is available with the full text of this
article at NEJM.org, was approved by all the relevant institutional review boards. All the authors
contributed to the drafting of the manuscript,
made the decision to submit the manuscript for
publication, and vouch for the completeness and
accuracy of the data, the accuracy of the analyses,
and the fidelity of the study to the protocol. No
one who is not an author contributed to the writing of the manuscript.
Patients

The study included two groups of adults, 18 years
of age or older, who were receiving dabigatran.
The patients in group A were those with uncontrollable or life-threatening bleeding that was
judged by the treating clinician to require rapid
anticoagulant reversal. The patients in group B
were those who were about to undergo surgery
432
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or other invasive procedures that could not be
delayed for at least 8 hours and for which normal hemostasis was required. All the patients or
their authorized representative provided written
informed consent.
Study Treatment

All patients were to receive 5 g of intravenous
idarucizumab, which was administered as two
50-ml bolus infusions, each containing 2.5 g of
idarucizumab, no more than 15 minutes apart.
The 5-g dose was calculated to reverse the total
body load of dabigatran that was associated with
the 99th percentile of the dabigatran levels measured in the Randomized Evaluation of Long-Term
Anticoagulation Therapy (RE-LY) trial.4
Assessments and Study End Points

The primary efficacy end point was the maximum
percentage reversal of the anticoagulant effect of
dabigatran, determined at any point from the end
of the first idarucizumab infusion until 4 hours
after the end of the second infusion, with the
percentage reversal assessed on the basis of the
diluted thrombin time or the ecarin clotting time.
These measurements were chosen because they
correlate linearly with dabigatran concentrations
measured with the use of mass spectroscopy.5,6
Blood samples for pharmacokinetic and pharmacodynamic assessments were obtained at baseline,
after the first infusion of idarucizumab, and between 10 and 30 minutes and at 1, 2, 4, 12, and
24 hours after the second infusion. Diluted thrombin time, ecarin clotting time, activated partialthromboplastin time, and concentrations of unbound dabigatran were measured at a central
laboratory, as described previously.3 Reasons that
an assessment could not be performed at any
given time point included death, a missing sample, a small-volume sample, and technical difficulties. Treating clinicians were unaware of the
results at the central laboratory. In parallel, the
activated partial-thromboplastin time was assessed locally at baseline, after the first infusion
of idarucizumab, and between 10 and 30 minutes and at 12 hours after the second infusion of
idarucizumab. Complete reversal was defined as
a decrease in the diluted thrombin time or ecarin
clotting time to a normal level. A second 5-g dose
of idarucizumab was permitted if there was recurrent or continued bleeding and objective evidence of a residual anticoagulant effect of dabi-
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gatran or if a second surgical procedure was
necessary and residual anticoagulant activity was
suspected or confirmed.
Clinical outcomes, as assessed by the treating
clinician, were secondary end points. In group A,
the extent of bleeding and hemodynamic stability were assessed between 10 and 30 minutes
and at 1, 2, 4, 12, and 24 hours after the second
idarucizumab infusion or when deemed clinically appropriate. The severity of bleeding was
classified with the use of the International Society on Thrombosis and Haemostasis criteria (for
more details, see the Supplementary Appendix,
available at NEJM.org).7 In group B, periprocedural hemostasis was classified by the clinician
as normal or as mildly, moderately, or severely
abnormal. Adverse events were coded according
to the Medical Dictionary for Regulatory Activities, version 18.0.8 Adverse events occurring within 5 days
after the administration of idarucizumab were
considered to have occurred during treatment.
The severity of bleeding at presentation (in group
A) and any suspected thrombotic events or deaths
occurring from the time of idarucizumab infusion to 90 days after the infusion were to be adjudicated by an independent committee. Deaths
were classified as vascular (including bleeding) or
nonvascular in origin.
Statistical Analysis

The primary efficacy end point of maximum percentage reversal of dabigatran was calculated for
patients in whom pretreatment diluted thrombin
times or ecarin clotting times were above the
upper limit of the normal range as assessed at a
central laboratory; descriptive statistics with confidence intervals or percentiles were used as appropriate. Clotting-time measurements that exceeded the maximum measurable range were
imputed with the use of the maximum measurable clotting time of 500 seconds only if the
imputation was consistent with the concomitant
results of other coagulation tests and unbounddabigatran concentrations.3
The sample size was based on regulatory
feedback and practical considerations, including
recruitment rates and the frequency of serious
bleeding complications and emergency surgery
among patients receiving dabigatran. On the basis
of data from the RE-LY trial, the annual rates of
life-threatening bleeding among patients receiving dabigatran at a dose of 150 mg and 110 mg
n engl j med 377;5

are 1.5% and 1.25%, respectively, and the annual
rate of emergency surgery among patients receiving dabigatran is 1.5%.9

R e sult s
Characteristics of the Patients

From June 2014 through July 2016, a total of 503
patients (301 in group A and 202 in group B) were
enrolled at 173 sites (of 369 initiated sites) in 39
countries. More than 95% of the patients were
receiving dabigatran for stroke prevention in the
context of atrial fibrillation, and the median age
was 78 years. The median patient-reported time
from the last dose of dabigatran to the first infusion of idarucizumab was 14.6 hours in group A
and 18.0 hours in group B. Of the enrolled patients, 43.3% had a creatinine clearance, calculated with the use of the Cockcroft–Gault equation, that was less than 50 ml per minute. Many
patients had coexisting conditions at the time of
enrollment (Table 1).
Of the 301 patients in group A, 137 (45.5%)
had gastrointestinal bleeding, 98 (32.6%) had intracranial hemorrhage, and 78 (25.9%) had trauma
as the cause of bleeding (Table 2). Bleeding was
adjudicated as major or life-threatening in 265
patients (88.0%) and resulted in surgical intervention in 61 (20.3%); 114 patients (37.9%) had
hemodynamic instability at presentation.
Of the 202 patients in group B, 197 (97.5%)
underwent the intended surgery or intervention.
The median time from the first infusion of idarucizumab to the initiation of the procedure was
1.6 hours. The indications for urgent surgery or
intervention are listed in Table 2.
Reversal of Anticoagulation

At study entry, 461 of the 503 patients (91.7%;
276 in group A and 185 in group B) had a prolonged diluted thrombin time or ecarin clotting
time and were included in the primary efficacy
analysis (Table 1). The median maximum percentage reversal within 4 hours after the administration of idarucizumab was 100% (95% confidence interval [CI], 100 to 100), as assessed on
the basis of either the diluted thrombin time
(Fig. 1A and 1B) or the ecarin clotting time (Fig.
S1 in the Supplementary Appendix). Reversal
was rapid and occurred independently of age, sex,
renal function, and dabigatran concentration at
baseline. Reversal based on the activated partial-
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Table 1. Baseline Characteristics of the Patients.*
Characteristic

Group A
(N = 301)

Group B
(N = 202)

Total
(N = 503)

79

77

78

Age — yr
Median
Range

24–96

21–96

21–96

172 (57.1)

102 (50.5)

274 (54.5)

Median

74

77

75

Range

35–231

39–169

35–231

Male sex — no. (%)
Weight — kg

Race or ethnic group — no. (%)†
White

239 (79.4)

175 (86.6)

414 (82.3)

Asian

29 (9.6)

8 (4.0)

37 (7.4)

Hawaiian or Pacific Islander

16 (5.3)

14 (6.9)

30 (6.0)

Other

17 (5.6)

5 (2.5)

22 (4.4)

Hypertension

237 (78.7)

157 (77.7)

394 (78.3)

Congestive heart failure

117 (38.9)

65 (32.2)

182 (36.2)

Coexisting condition — no. (%)

Diabetes
Coronary artery disease

95 (31.6)

57 (28.2)

152 (30.2)

110 (36.5)

68 (33.7)

178 (35.4)

Previous stroke

73 (24.3)

36 (17.8)

109 (21.7)

Previous transient ischemic attack

27 (9.0)

20 (9.9)

47 (9.3)

Previous systemic embolism

20 (6.6)

16 (7.9)

36 (7.2)

Previous major bleeding

27 (9.0)

10 (5.0)

37 (7.4)

Current cancer

23 (7.6)

20 (9.9)

43 (8.5)

Creatinine clearance
Value — ml/min
Median

50.8

56.0

52.6

Range

6.1–216.9

7.9–198.7

6.1–216.9

58 (19.3)

50 (24.8)

108 (21.5)

Distribution — no. (%)
≥80 ml/min
50 to <80 ml/min

95 (31.6)

68 (33.7)

163 (32.4)

30 to <50 ml/min

86 (28.6)

41 (20.3)

127 (25.2)

<30 ml/min

53 (17.6)

38 (18.8)

91 (18.1)

Missing data

9 (3.0)

5 (2.5)

14 (2.8)

150 mg twice daily

94 (31.2)

57 (28.2)

151 (30.0)

110 mg twice daily

185 (61.5)

126 (62.4)

311 (61.8)

75 mg twice daily

16 (5.3)

8 (4.0)

24 (4.8)

3 (1.0)

11 (5.4)

14 (2.8)

288 (95.7)

190 (94.1)

478 (95.0)

Dose of dabigatran — no. (%)

Other
Indication for dabigatran — no. (%)
Atrial fibrillation
Orthopedic surgery

434

0

3 (1.5)

3 (0.6)

Venous thromboembolism

5 (1.7)

4 (2.0)

9 (1.8)

Other

8 (2.7)

5 (2.5)

13 (2.6)
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Table 1. (Continued.)
Characteristic

Group A
(N = 301)

Group B
(N = 202)

Total
(N = 503)

14.6

18.0

15.6

Time since last intake of dabigatran — hr‡
Median

1.5–90.4

2.6–105.8

1.5–105.8

Elevated ecarin clotting time at baseline — no. (%)

Range

276 (91.7)

185 (91.6)

461 (91.7)

Elevated diluted thrombin time at baseline — no. (%)

244 (81.1)

152 (75.2)

396 (78.7)

Elevated ecarin clotting time or diluted thrombin time at
baseline — no. (%)

276 (91.7)

185 (91.6)

461 (91.7)

*	Group A included patients who had uncontrolled bleeding, and group B included patients who required urgent surgery
or intervention.
†	Race or ethnic group was reported by the patient.
‡	Data were available for 501 patients (299 in group A, and 202 in group B).

thromboplastin time (Fig. 1D) and reversal based
on the thrombin time (Fig. S2 in the Supplementary Appendix), as measured at the central laboratory, were similar to that based on the diluted
thrombin time; the activated partial-thromboplastin time was prolonged at baseline in 373 of
the 503 patients (232 in group A and 141 in
group B).
Dabigatran and Idarucizumab
Concentrations

Only one patient, who was subsequently found
to be receiving apixaban, had no measurable plasma concentration of dabigatran at study entry.
Unbound-dabigatran concentrations for all other
patients correlated with the results of the clotting
assays. The median baseline concentration of unbound dabigatran was 110 ng per milliliter in
group A and 73.6 ng per milliliter in group B; after
the administration of idarucizumab, the concentration was 20 ng per milliliter or less in all but
three patients who could be assessed (Fig. 1C).
With these low concentrations of unbound dabigatran, impairment of hemostasis is unlikely, because corresponding clotting times are at or below
the upper limit of the normal range.
Unbound-dabigatran concentrations remained
below 20 ng per milliliter for 24 hours in the majority of patients; however, reappearance of levels
above 20 ng per milliliter was observed in 114 of
497 patients (23.0%), mainly after 12 hours,
with 67 patients having elevated levels only at
the 24-hour measurement. These recurrent elevations were associated with recurrent or continued bleeding in 10 patients in group A and in no
n engl j med 377;5

patients in group B; of the 10 patients, 3 received
an additional dose of idarucizumab. At 24 hours,
the median idarucizumab concentration had
decreased to less than 1% of the peak median,
a finding consistent with the short half-life of
idarucizumab (Fig. S3 in the Supplementary
Appendix).10
Only 9 of the 503 patients (1.8%) received more
than 5 g of idarucizumab, including the 3 in group
A who had recurrent bleeding; 7 received a second
dose of idarucizumab and 1 received two additional doses because they had recurrent bleeding
or were undergoing a second urgent surgical procedure (Table 3). One patient received a second
dose in error.
Clinical Outcomes

The time to the cessation of bleeding could not
be assessed in the 98 patients with intracranial
bleeding, because there is dissociation between
the clinical course and the extent of bleeding. Although hematoma expansion on early follow-up
imaging studies of the head can be used as a
surrogate for the determination of the time to
bleeding cessation, such imaging studies were
not mandated. Of the remaining 203 patients in
group A, 134 (67.7%) had confirmed bleeding
cessation within 24 hours; among those 134 patients, the median time to hemostasis after the
administration of idarucizumab was 2.5 hours
(95% CI, 2.2 to 3.9). In the remaining 69 patients,
bleeding stopped before treatment in 2 patients
and could not be determined in 67 patients. Because bleeding could not be visualized (either directly or with imaging), it was not possible to
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Table 2. Indications for Dabigatran Reversal.
Group A
(N = 301)*

Indication

no. of
patients (%)
Bleeding
Intracranial

98 (32.6)

Subdural

39 (13.0)

Subarachnoid

26 (8.6)

Intracerebral

53 (17.6)

Gastrointestinal

137 (45.5)

Lower

47 (15.6)

Upper

52 (17.3)

Unknown

42 (14.0)

Intramuscular

9 (3.0)

Retroperitoneal

10 (3.3)

Intrapericardial

7 (2.3)

Intraarticular

5 (1.7)

Intraocular

1 (0.3)

Other

52 (17.3)

Not identified

4 (1.3)

Trauma-related

78 (25.9)
Group B
(N = 202)†

Reason for procedure‡
Abdominal condition or infection: hernia, peritoneal infection

49 (24.3)

Fracture or septic arthritis: involvement of the hip or femur

41 (20.3)

Cardiovascular condition: pacemaker implantation,
aneurysm repair

37 (18.3)

Central nervous system condition: craniotomy

17 (8.4)

Pancreatic or hepatobiliary disease: cholecystitis, cholangitis

14 (6.9)

Respiratory condition: chest trauma

14 (6.9)

Kidney and urinary tract condition: acute renal failure

11 (5.4)

Septicemia or sepsis

8 (4.0)

Skin condition: abscess, hematoma

6 (3.0)

Postoperative complications

3 (1.5)

Uterine condition

1 (0.5)

Poisoning: deliberate overdose

1 (0.5)

of

m e dic i n e

dural hemostasis was assessed as normal in 184
patients (93.4%), mildly abnormal in 10 (5.1%),
and moderately abnormal in 3 (1.5%); no patients had severely abnormal hemostasis. Many
patients received transfusions and other blood
products. The use of blood products and volume
expanders is described in Table S2 in the Supplementary Appendix.
The 30-day mortality rate was 13.5% in group
A and 12.6% in group B, and the corresponding
90-day mortality rate, as estimated by the Kaplan–Meier method, was 18.8% and 18.9%, respectively. The number of deaths that occurred
within 5 days after treatment was 19 (6.3%) in
group A and 16 (7.9%) in group B (Table S2 in
the Supplementary Appendix). The 30-day mortality rate was 16.4% among patients with intracranial hemorrhage, 11.1% among patients with
gastrointestinal bleeding, and 12.7% among
patients with bleeding at other sites.
Thrombotic Events

Thrombotic events occurred in 24 of the 503
patients (4.8%; 14 in group A and 10 in group B)
within 30 days after treatment and in 34 patients
(6.8%; 19 in group A and 15 in group B) within
90 days. Details of the 30-day events are provided in Figure 2. During the 90-day follow-up,
antithrombotic therapy (including treatment with
prophylactic or therapeutic doses of an anticoagulant or with an antiplatelet drug) was restarted
in 72.8% of the patients in group A and in 90.1%
in group B, at a mean of 13.2 days and 3.5 days,
respectively, after the administration of idarucizumab. By 72 hours after the administration of
idarucizumab, antithrombotic therapy was restarted in 69 of the 301 patients in group A (22.9%),
with 10.1% of those patients receiving dabigatran,
and in 135 of the 202 patients in group B (66.8%),
with 25.9% receiving dabigatran.
Immunogenicity and Hypersensitivity

Anti-idarucizumab antibodies were detected in
28 of the 501 patients who could be assessed
*	Patients may have had more than one type of bleeding.
(5.6%). Of those 28 patients, 19 tested positive
†	Procedure was canceled for five patients.
for preexisting antibodies that were cross-reactive
‡	For some categories, frequent events are listed as examples.
with idarucizumab before its administration, and
9 had antibodies that developed during treatment.
know at a given time point whether bleeding had The antibody titers were generally low (median, 4;
stopped or was still ongoing.
interquartile range, 2 to 8), and the preexisting
Among the 197 patients in group B who un- antibodies had no detectable effect on idaruciderwent surgery or an intervention, periproce- zumab activity.
436
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Figure 1. Key Measurements before and after the Administration of Idarucizumab.
The diluted thrombin time in 293 patients who had uncontrolled bleeding and in 195 patients who were about to undergo urgent surgery
or intervention are shown in Panels A and B, respectively. Panel C shows the plasma concentration of unbound dabigatran in the 485
patients in groups A and B who could be assessed. Panel D shows the activated partial-thromboplastin time in the 486 patients in
groups A and B who could be assessed. The arrows show the timing of the two infusions of idarucizumab. Blood samples were obtained
at baseline, after the first infusion, and between 10 and 30 minutes and at 1, 2, 4, 12, and 24 hours after the second infusion. Data are
presented as box-and-whisker plots, in which the top and bottom of the rectangles indicate the 75th and 25th percentiles, respectively;
the horizontal lines within the rectangles indicate the 50th percentile; the lines above and below the rectangles indicate the 90th and
10th percentiles, respectively; and the dots above and below the lines indicate the 95th and 5th percentiles, respectively. The shaded areas show the normal ranges for each of the measures, which are based on data from 208 volunteers. The upper limits of the normal
range for diluted thrombin time and activated partial-thromboplastin time are 35.5 seconds and 39.8 seconds, respectively.
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Three potential hypersensitivity events, each
of which occurred within 5 days after the administration of idarucizumab, were reported by the
investigator as being drug-related. These included
a rash that lasted 1 day in a patient in whom
therapy with ondansetron and tramadol had been
initiated 2 days previously, vomiting and loss of
consciousness in a patient who had a large intracranial hemorrhage at study entry, and hypotension during the infusion of idarucizumab that
was reported as an anaphylactic reaction. An additional case of anaphylaxis, which was characterized by rash, vomiting, respiratory distress, and
loss of consciousness, was reported in a patient
who was receiving amoxicillin.

3 days (dose 2);
8 days (dose 3)

Recurrent bleeding
36 hr

6 days

Recurrent bleeding
48 hr

Serious adverse events that occurred within 5 days
after the administration of idarucizumab were
reported in 117 patients (23.3%): 66 in group A
(21.9%) and 51 in group B (25.2%). Events that
occurred at a frequency of at least 1% in either
group are listed in Table S3 in the Supplementary
Appendix. Most of the events appeared to be a
worsening of the index event or a coexisting condition. No other consistent pattern emerged. In
group A, the most frequent event was delirium
(which occurred in 2.3% of the patients); in group
B, the most frequent events were cardiac arrest and
septic shock (which occurred in 3.5% and 3.0%
of the patients, respectively).
*	One patient who received two doses in error is not included in the table.
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Other Safety Outcomes

Sex
Age
Patient No.

Table 3. Patients Who Received More Than One Dose of Idarucizumab.*
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Discussion
The results of the RE-VERSE AD study show that,
among 503 patients who were receiving dabigat
ran, had uncontrolled bleeding or were about to
undergo an urgent procedure, and had a prolonged
diluted thrombin time at baseline, idarucizumab
reversed anticoagulation rapidly and completely (to
a median maximum percentage of 100%) in more
than 98% of the patients. A single 5-g dose of
idarucizumab was sufficient in 98% of the patients, and reversal was maintained for 24 hours
in most patients. The robust, rapid, and durable
reversal observed in this study is consistent with
the results of an interim analysis in this study
and with the results of studies of the use of idar
ucizumab in healthy volunteers.2,10,11
The study protocol, which was designed to
mimic routine emergency care and to avoid delay
in treatment, did not mandate that the results of
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A Group A
Pulmonary Embolism (86-yr-old woman, intracerebral ICH)
Ischemic Stroke (80-yr-old man, GI bleeding)
Pulmonary Embolism and DVT (81-yr-old man, intracerebral ICH)
Myocardial Infarction (86-yr-old woman, intracerebral ICH)
Pulmonary Embolism and DVT (85-yr-old man, subarachnoid ICH)
Ischemic Stroke (70-yr-old woman, ruptured AA)
Ischemic Stroke (86-yr-old man, subarachnoid ICH)
DVT (86-yr-old woman, intramuscular bleeding)
Pulmonary Embolism and DVT (75-yr-old man, GI bleeding)
DVT (94-yr-old woman, GI bleeding)
Ischemic Stroke (83-yr-old woman, subdural ICH)
Myocardial Infarction (70-yr-old man, GI bleeding)
Systemic Embolism (77-yr-old man, ruptured AA)
Myocardial Infarction (92-yr-old man, GI bleeding)

Fatal

Fatal

0

5

10

15

20

25

30

Days after Idarucizumab

B Group B
Ischemic Stroke (72-yr-old woman, infected joint)

Fatal

Pulmonary Embolism (76-yr-old man, ruptured AA)
Myocardial Infarction (70-yr-old man, pacemaker)
Myocardial Infarction (93-yr-old woman, hemothorax drain)
DVT (82-yr-old woman, cholecystitis)
Systemic Embolism and DVT (45-yr-old man, valve repair)
Pulmonary Embolism (92-yr-old woman, cholecystitis)
Ischemic Stroke (94-yr-old man, femur fracture)
Myocardial Infarction (70-yr-old woman, spinal surgery)
Ischemic Recurrent Stroke (54-yr-old man, thrombectomy)
0

5

10

15

20

25

30

Days after Idarucizumab

Figure 2. Adjudicated Thrombotic Events within 30 Days after the Administration of Idarucizumab.
Panels A and B list the thrombotic events that occurred among patients in group A and group B, respectively. Patient age, sex, and type
of index event are listed in parentheses after the type of thrombotic event. The light gray portion of the bar indicates the time before the
event, and the dark gray portion the time after the event. Red diamonds indicate the initiation of parenteral or oral anticoagulant therapy, and blue circles the initiation of antiplatelet therapy. AA denotes aortic aneurysm, DVT deep-vein thrombosis, GI gastrointestinal,
and ICH intracranial hemorrhage.

baseline coagulation tests had to be available before idarucizumab was administered. Therefore,
some patients had normal clotting times at entry. The safety of idarucizumab observed in this
study supports its urgent use even if patients
later prove to have had little or no circulating
dabigatran.
Among patients with overt bleeding who could
be evaluated in the first 24 hours, the median
time to the cessation of bleeding was 2.5 hours.
The administration of idarucizumab enabled surgery or an intervention in 197 of the 202 patients
n engl j med 377;5

in group B; the median time to the initiation of
the procedure was 1.6 hours, and 95% had normal or mildly abnormal hemostasis during the
procedure. Therefore, the use of idarucizumab
permitted rapid and safe intervention in the majority of patients.
The most likely explanation for a recurrent
elevation in clotting time, which was seen mainly
between 12 and 24 hours after treatment in 114
patients, is redistribution of unbound dabigatran
from the extravascular to the intravascular compartment. However, recurrent elevation was as-
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sociated with bleeding in only 10 patients. Therefore, among patients with a recurrent elevation in
clotting time, only those with new-onset or recurrent bleeding should be considered for a
second dose of idarucizumab.
The 30-day mortality rate was similar in group
A and group B (13.5% and 12.6%, respectively), as
was the 90-day mortality rate (18.8% and 18.9%,
respectively). Patients enrolled in this study were
elderly, had numerous coexisting conditions, and
presented with serious index events, such as intracranial hemorrhage, multiple trauma, sepsis,
acute abdomen, or open fracture. Most of the
deaths that occurred within 5 days after enrollment appeared to be related to the severity of the
index event or to coexisting conditions (e.g., respiratory failure or multiple organ failure), whereas deaths that occurred after 30 days were more
likely to be independent events or related to coexisting conditions. The 30-day mortality rate observed in this study is lower than the 30-day
mortality rate of 50% observed among patients
who were receiving warfarin and presented with
intracranial hemorrhage and than the 30-day
mortality rate of 30% observed among patients
who were receiving warfarin and were about to
undergo emergency intervention.12-17 However, it
is similar to the 30-day mortality rate of 15%
observed among the first 67 patients enrolled in
a study of andexanet for the reversal of factor Xa
inhibitors in patients with serious bleeding.18
The rate of thrombotic events was 4.8% at 30
days and 6.8% at 90 days, and the 30-day rate
was similar in group A and group B (5.0% and
4.6%, respectively). These rates are consistent with
those reported after major surgical procedures or
hospitalization for uncontrolled bleeding.16,17 The
low rate of reinitiation of anticoagulation, particularly in group A, may have contributed to the
thrombotic events. Idarucizumab has a half-life
of approximately 45 minutes,10 and all the thrombotic events that occurred within 72 hours after
its administration occurred in patients in whom
anticoagulation had not been restarted. Subsequent thrombotic events are more likely to reflect
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