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Anticoagulation Bleeding
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coagulation assays
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 Important to know when NOAC was administered relative

to time of blood sampling

 aPTT may provide useful information for qualitative

assessment

Dabigatran

Test Trough Value

dTT > 200 ng/ml

ECT > 3 time of upper limits

aPTT > 2 time of upper limits
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Heidbuchel H, et al. DOI:10.1093/europace/euv309
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“The word antidote literally means a drug that

counteracts a poison. When used in medical

context, the word antidote should be

reserved for those agents that inactivate the

targeted medication directly”

Eerenberg ES, et al. Thromb Haemost 2012;108:623



Keimyung University Dongsan Medical Center

KUDMC

Eerenberg ES, et al. Thromb Haemost 2012;108:623

• Size of the problem: 2~4% of major bleeding of NOAC

• Available substitutes: PCC*, rFVIIa

Roldan V, Marin F. Thromb Haemost 2012;108:621

• Most studies were performed either in animal models or 

in healthy subjects without clinical bleeding endpoint

• rFVIIa, activated PCC: thrombotic complications

*PCC: procoagulant complex concentrates

Contra: “Antidotes for novel anticoagulants?” – Do we

really need them

Pro: “Antidotes for new anticoagulants” – Specific target

of inhibition requires a specific target for neutralization
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Intervention Dabigatran Rivaroxaban Apixaban Edoxaban

Oral activated Charcoal Yes Yes Yes Yes

Hemodialysis Yes No No No

Hemoperfusion with activated 

charcoal
Yes Possible Possible ?

Fresh forozen plasma No No No No

Activated recombinant FVIIa Unclear Unclear Unclear Unclear

3 factor PCC (II, IX, X) Unclear Unclear Unclear Unclear

4 factor PCC (II, IX, X, VII) Possible Possible Possible Possible

Ansell JE. J Thromb Thrombolysis 2016; 41:248
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“The ability to turn the anticoagulation

effect on and off as required could

provide further benefit for patients in

need of intervention while on

anticoagulation”
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Reversal agent Target Mechanism of action

Idarucizumab1 Dabigatran
Humanized Fab: 

specifically binds dabigatran 
with high affinity2

Andexanet alfa1 FXa inhibitors 
Recombinant modified FXa: 

competitive affinity for 
direct FXa inhibitors3

Ciraparantag1 Universal

Synthetic small molecule:
hydrogen bonds (NOACs); 
charge–charge interactions 

(heparin)4

1. Greinacher et al. Thromb Haemost 2015; 2. Schiele et al. Blood 2013; 

3. Lu et al. Nat Med 2013; 4. Ansell et al. N Engl J Med 2014
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Widespread 

availability

following 

local approval

Approval

FDA

Oct 20154

EMA

Nov 20155

Submitted 

to EMA/FDA

Feb/Mar 2015

Phase III

Patients requiring 

urgent surgery/

with major 

bleeding; started 

May 20142,3

Studies in 

healthy 

volunteers

Idarucizumab1

Target: 

dabigatran

Submitted 

to FDA

Dec 20157

Phase III

Patients with major 

bleeding; started 

Jan 20156

Studies in 

healthy 

volunteers

Andexanet alfa 

(PRT064445)1

Target: 

FXa inhibitors

Studies in 

healthy 

volunteers8

Ciraparantag
(PER977)1

Target: 

universal

1. Adapted from Greinacher et al. Thromb Haemost 2015; 2. Clinicaltrials.gov: NCT02104947; 3. Pollack et al. Thromb Haemost 2015; 4. US FDA press release

16 Oct 2015; 5. European Commission Community Register of Medicinal Products for Human Use 20 November 2015; 6. ClinicalTrials.gov Identifier:

NCT02329327; 7. ClinicalTrials.gov Identifier: NCT02207257
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Thrombin

~37000 daltons
Idarucizumab (Fab)

~47800 daltons

Dabigatran

~500 daltons

• Humanized Fab Fragment

• Binding affinity for dabigatran: > 350× higher than dabigatran to thrombin

Pollack CV Jr, et al. Thromb Haemost 2015;114:198
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 Low volume of distribution

 Short half-life: initial t1/2 ~45 min; terminal t1/2 4.5–9 hours

 Within 6 hours 90% of dose had cleared
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8 g idarucizumab, 1-h infusion 4 g idarucizumab, 5-min infusion

Baseline (N=6)
15 min post infusion

(N=5)
Baseline (N=6)

15 min post infusion

(N=6)

Mean

± SD, s
CV, %

Mean

± SD, s
CV, %

Mean

± SD, s
CV, %

Mean

± SD, s
CV, %

dTT 32.0 ± 0.3 0.871 31.5 ± 0.4 1.16 31.9 ± 0.3 0.986 31.4 ± 0.6 1.80

ECT 37.3 ± 3.8 10.2 39.2 ± 5.3 13.4 36.6 ± 1.3 3.58 37.8 ± 1.9 4.93

TT 11.9 ± 0.5 4.29 12.3 ± 0.8 6.42 11.7 ± 1.0 8.36 11.7 ± 1.0 8.46

aPTT 31.4 ± 4.9 15.5 33.4 ± 4.8 14.3 32.8 ± 3.1 9.37 31.9 ± 2.4 7.60

ACT 114 ± 19.3 16.9 110 ± 13.5 12.3 112 ± 9.0 8.00 104 ± 12.8 12.4

ACT, activated clotting time; aPTT, activated partial thromboplastin time; CV, coefficient of variation; dTT, diluted thrombin time; 

ECT, ecarin clotting time; s, seconds; SD, standard deviation; TT, thrombin time.

Glund S et al. Thromb Haemost 2015;113:943

no effect coagulation markers
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Glund S et al. Thromb Haemost 2015;113:943

• Effect of idarucizumab on endogenous thrombin generation potential
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24 h
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+ idarucizumab 2.5 g re-administration

45–64 yr, DE 220 mg
+ idarucizumab 2.5 g
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• Idarucizumab (2.5 g) was re-
administered 2 months after
first administration

• Re-administration was safe
and well tolerated

• Re-administration resulted in
similar efficacy vs first dose

• No hypersensitivity

Glund S et al. Blood 2014;124:Abstr 344

N=6/group, mean ± SE

2 months 
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 No clinically relevant drug-related adverse events

 No dose-related adverse events

 No adverse events indicative of immunogenic reactions

 A dose-dependent, transient increase in urine protein

and low-weight proteins was observed

• Values returned to normal range within 4–24 h



Keimyung University Dongsan Medical Center

KUDMC

Humanized Fab fragment

Binding affinity for dabigatran ~350×

higher than dabigatran to thrombin

No intrinsic procoagulant or 

anticoagulant activity expected

IV administration,

immediate onset of action

Short half-life 

Dabigatran

Idarucizumab

Schiele F, et al. Blood. 2013;121:3554
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Pollack CV Jr, et al. N Engl J Med 2015;373:511

 To determine the safety of 5 g of IV idarucizumab and its capacity to

reverse the anticoagulant effects of dabigatran

 5g dose: calculated to reverse the total body load of dabigatran that was

associated with the 99th percentile of the dabigatran levels measured in

RE-LY trial

 interim results from the first 90 patients

Group A: 

Uncontrolled bleeding

Group B: 

Emergency surgery or 

procedure

51 patients 39 patients
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Pollack CV Jr, et al. N Engl J Med 2015;373:511

Group A: 

Uncontrolled bleeding 

+ dabigatran-treated 

Group B: Emergency 

surgery or procedure 

+ dabigatran-treated

N=300 

0–15 minutes 90 days follow-up

0–24 hours

Hospital 

arrival

5 g idarucizumab 

(two separate 

infusions of 2.5 g)

Pre-2nd vial 2 h 4 h 12 h 24 h 30 d 90 dPre-1st vial 1 h
Blood 

samples
~20 min
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Pollack CV Jr, et al. Thromb Haemost 2015;114:198

Primary endpoints: Maximum % reversal of the anticoagulation effect

of dabigatran within 4 hours after idarucizumab administration, on the

basis of the determination at a central laboratory of the dTT or ECT

dTT and ECT show linear correlations with wide range of dabigatran concentrations
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Group A 

(n=51)

Group B

(n=39)

Total

(N=90)

Male, n (%) 32 (63) 18 (46) 50 (56)

Age (yrs), median (min, max) 77.0 (48, 93) 76.0 (56, 93) 76.5 (48, 93)

CrCl (Cockcroft-Gault), mL/min

Median (min, max) 54 (16, 187) 60 (11, 171) 58 (11, 187)

<30 5 7 12

≥30‒<50 14 6 20

≥50‒<80 16 11 27

≥80 6 9 15

Missing 10 6 16

Elevated dTT at baseline 40 28 68

Elevated ECT at baseline 47 34 81

Pollack CV Jr, et al. N Engl J Med 2015;373:511
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Pollack CV Jr, et al. N Engl J Med 2015;373:511
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Pollack CV Jr, et al. N Engl J Med 2015;373:511

Group B 
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Group B (n=39)
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Idarucizumab 

2x 2.5 g

Idarucizumab 

2x 2.5 g

Group A (n=51)

 Dabigatran levels were below 20 ng/mL in 89/90 patients already after infusion of first vial

 Unbound dabigatran concentrations were below 20 ng/mL in 77/83 and 62/78 patients at 

12 and 24 hours, respectively

Pollack CV Jr, et al. N Engl J Med 2015;373:511
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*Assessment of bleeding cessation may be difficult in internal bleeding into confined space such as intramuscular or intracranial bleeding

Group A

51 Patients

Surgery

performed in 36 

patients

Assessable in 38 

patients

Median local investigator-

determined time to bleeding 

cessation 11.4 hours*

Group B

39 Patients

Intraoperative hemostasis: 

• 33 normal (~92%)

• 2 mildly abnormal

• 1 moderately abnormal 

Pollack CV Jr, et al. N Engl J Med 2015;373:511
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Pollack CV Jr, et al. N Engl J Med 2015;373:511

 Among 68 patients with an elevated dTT & 81 with an elevated ECT at

baseline, Median maximum reversal within 4 hours was 100% for both

dTT and ECT (95% CI, 100–100), evident after first vial of idarucizumab

 dTT normalized in 98% and 93% of Group A and B patients, respectively

 ECT normalized in 89% and 88% of Group A and B patients, respectively

 Concentrations of unbound dabigatran remained below 20 ng per

milliliter at 24 hours in 79% of the patients; sustained reversal of

dabigatran effect over 12 hours was observed in at least 90% of patients
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Pollack CV Jr, et al. N Engl J Med 2015;373:511

CONCLUSIONS

Idarucizumab completely reversed the

anticoagulant effect of dabigatran within

minutes.
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10-16-2015
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• 투여 방법
약(2.5 g/50 mL) 바이알 두 개(5 g)를 정맥투여하며, 두
바 이 알 각 각 5분 ~ 10분 에 걸 쳐 연 속 적 으 로
점적투여하거나 또는 일시투여한다.

• 권장 투여량은 5 g으로, 50 mL 바이알 두 개(각 2.5 g)가
1회 용량에 해당한다. 1일 최대용량에 대해서는 연구되지
않았다

• 항혈전제를 사용하지 않으면 환자가 기저질환 또는
기저상태의 혈전성 위험에 노출될 수 있다.

• 신장애, 간장애, 고령자 (>65세): 용량 조절은 필요하지 않다
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