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Objectives
Define the problem of anticoagulant-associated bleeding

Evaluate available laboratory assays for measuring 
anticoagulant effect of NOACs

Describe supportive measures for NOAC-associated 
bleeding

Identify when NOAC reversal is indicated

Summarize evidence for use of specific and nonspecific 
reversal agents for NOACs



>6,000,000

A fib ~4M

VTE ~2M

PHV ~0.5M

How many people in the U.S.
take anticoagulants?



Use of NOACs: real world 
experience
AF on VKA:  25% transitioned to NOAC

New onset AF:  50% of patients started on NOAC

ORBIT-AF: Circ Cardiovasc Qual Outc. 2014; 7: A336 

~3,000,000 people in the U.S. 
taking a NOAC



NOACs (or DOACs)
Direct Thrombin Inhibitor
◦ Dabigatran (Pradaxa ®)

Anti-Xa
◦ Rivaroxaban (Xarelto ®)

◦ Apixaban (Eliquis ®)

◦ Edoxaban (Savaysa ®)

◦ Betrexaban (Bevyxxa ®)



83 y/o M 
Anticoagulated 
after episode of 
Atrial Flutter



Anticoagulant-associated ICH
Burden:
◦VKA 0.3-0.6% per year

◦NOACs 0.1-0.2% per year

Spontaneous cerebral bleeding  (e.g., from hypertensive 
angiopathy or cerebral aneurysm) that is sustained/exacerbated 
by anticoagulation

Hematoma expansion
◦ no OAC ~30%

◦VKA ~50%

◦NOACs 38%

JAMA 2015;313:824-36, Neurology 2004;63:1059-64, JAMA Neurol 2015;73:1-10



VKA DOACs (dab/riv/api) p values

Number of patients 118 107

Males 62 (mean age 81.8)
Range 60–94

56 (mean age 80.1)
Range 64–91

Females 56 (mean age 84.4)
Range 64–96

51 (mean age 81.0)
Range 65–96

Atrial fibrillation 115 105

Pulmonary embolism 3 2

Intracranial 
complications

12 (6 males) 3 (3 males) Χ2 = 5.05; p < 0.05

Neurosurgery/death 0/2 0 Χ2 = 1.84; p > 0.05

CT scan repeated after 
24 h

62% 57% Χ2 = 0.61; p > 0.05

Admission within 
1 months for ICH

0 0 Χ2 = 0; p > 0.05

Riccardi A, et al. Intracranial complications after minor head injury (MHI) in patients taking vitamin K 
antagonists (VKA) or direct oral anticoagulants (DOACs). Am J Emerg Med 2017;35:1317-1319

2 with INR >3

Minor Head Injury (ground level fall, GCS 14-15, no neuro deficits)

http://www.sciencedirect.com/science/journal/07356757/35/9


Southworth MR et al. Dabigatran and postmarketing reports of bleeding. N Engl J Med 2013;368:1272-1274.



GI bleeding
More GIB events occurred with rivaroxaban than with dabigatran 
(2.74 vs. 2.02/100 patient-years; hazard ratio, 1.20; 95% CI, 1.00–
1.45).

Fewer GIB events occurred with apixaban than with dabigatran 
(1.38 vs. 2.73/100 patient-years; HR. 0.39; 95% CI, 0.27–0.58).

Fewer GIB events also occurred with apixaban than with 
rivaroxaban (1.34 vs. 3.54/100 patient-years; HR, 0.33; 95% CI, 
0.22–0.49).

Comparing apixaban with rivaroxaban and with dabigatran, the 
number needed to harm was 45 and 74, respectively.

GIB risk was greater for all agents in older patient cohorts.

Abraham NS et al. Gastrointestinal safety of direct oral anticoagulants: A large population-based study. 
Gastroenterology 2017;152:1014–1022





Pharmacology of NOACs

Circulation 2017; 135:e604-33



Advantages of NOACs vs. VKA
Efficacy, convenience, and safety
◦ Comparable or lower risk of stroke, systemic embolism, 

major bleeding, and death vs. warfarin in nvAF
◦ Rapid onset and offset of activity; predictable effect
◦ Wide therapeutic window
◦ Fixed dosing; no need for coagulation monitoring
◦ Few dietary or drug interactions*
◦ Better patient adherence 

* All NOACs are substrates for P-glycoprotein (P-gp) transport.
apixaban and rivaroxaban are CYP 3A4 substrates

RE-LY, ROCKET-AF, ARISTOTLE, ENGAGE-AF, BMJ 2016;353:i3189, JAHA 2016;5:e003725, Eur Heart J 2017;38:907-15, 
Thromb Haemost 2016; 116: 975-86, Thromb Haemost 2017;117:209-18



Disadvantages of NOACs (vs. VKA)

Short T½: missed doses affect efficacy

Lack of FDA-approved assays of anticoagulant effect

Cost (~4x higher after account for INR monitoring)
◦ However cost-effective when add in QALY1-3

1Neurology 2012;79:1428-34,   2Am J Cardiol 2012;110:845-51,   3Stroke 2012;43:881-3

Dabigatran Rivaroxaban Apixaban Edoxaban Warfarin

12-17 h 5-9 h 8-15 h 10-14 h 20-60 h



Laboratory measurement of 
NOAC effect

FDA has not approved any assays or calibration reagents to measure effect of NOACs 

(pocketdentistry.com)



Laboratory measurement of 
NOAC effect

Dabigatran

◦ Sensitivity: TT >> PTT > PT

◦ Normal TT or PTT likely 
excludes therapeutic levels

◦ Quantitative assessment

◦ dilute TT

◦ ecarin clotting time

◦ ecarin chromogenic assay

Gosselin RC, Dwyre DM, Dager WE. Measuring dabigatran concentrations
using a chromogenic Ecarin Clotting Time assay. Ann Pharmacother 47(12) 1635–1640

Dabigatran



Laboratory measurement of 
NOAC effect

Factor Xa inhibitors
◦ Sensitivity: PT > PTT

◦ PT has moderate 
sensitivity (less so for 
apixaban), but normal PT 
may not exclude clinically 
relevant levels

◦ Quantitative assessment: 
anti-factor Xa assay

Apixaban, Rivaroxaban
Edoxaban



If determining NOAC effect is so 
complicated, how do I know whether 
to reverse in setting of bleeding?
Time of last drug ingestion 

Creatinine clearance 

Reversal may not be necessary if
◦ last dose was taken > 48 hours earlier

◦ normal renal function

◦ no concomitant use of strong P-gp inhibitors (for dabigatran) 
or strong dual P-gp and CYP3A4 inhibitors (for Fxa-I)



Overdose outcomes of dabigatran or 
Fxa-I
Poison center study (California) 

N=56 (37 dabigatran, 12 rivaroxaban)

Mean and median ages 60 y and 69 y.   Most were acute-on-
chronic exposures.

7 were children < 12 y old (dabigatran 5, rivoraxaban 2). 

PT/INR and PTT usually normal.   Did not correlate with 
bleeding.

Stevenson JW, et al. An observational case series of dabigatran and rivaroxaban exposures reported 
to a poison control system.  Am J Emerg Med 2014;32:1077-1084



Overdose outcomes of Fxa-I
Poison center study (8 centers) 

N=223 (182 rivaroxaban, 21 apixaban)

Most were acute-on-chronic exposures.

20 were children < 12 y old (all single exposures). 

PT/INR and PTT usually normal.   Did not correlate with 
bleeding.

Spiller HA et al. An observational study of the Factor Xa Inhibitors rivaroxaban
and apixaban as reported to eight poison centers.  Ann Emerg Med. 2016;67:189-195



Drugs that  NOAC clearance

Adapted from Circulation 2017; 135:e604-33



Supportive measures
Hold NOAC and any other antithrombotics
◦ May be all that is required in mild bleeding given short T½ (~6-12h)

Volume resuscitation/fluids  transfusion of PRBCs and/or platelets

Local management: mechanical compression or surgery

Activated charcoal (overdose or if last dose taken w/in 2h)

◦ Risk of aspiration, so only in pts who are alert or intubated

◦ Risk of vomiting, so probably avoid in ICH or upper GI bleed.

Hemodialysis
◦ Dabigatran: may remove ~50% of drug within 4h

◦ Consider if ClCr chronically <30 mL/min or acute kidney injury

◦ FXaI: no role (highly protein bound)

1A,   2J



Nonspecific hemostatic agents
Prothrombin complex concentrate (PCC)
◦ FXaI: partial improvement in coag defects, dose-dependent  bleeding 

at punch biopsy sites in normal volunteers 

◦ Dabigatran: little data to support efficacy

Activated PCC (Factor VIII inhibitor bypassing activity, FEIBA)
◦ FXaI and dabigatran: reverses lab abnormalities in normal volunteers

◦ FXaI and dabigatran: case reports and case series in ICH patients: no 
hematoma expansion, no thrombotic complications, partially 
normalized coagulation defects

1Anesth 2012;116:94-102,   2J Haematolog 2008;93 (Suppl 1):148,    3Circ 2011;124:1573-9,
4Thromb Haemost 2012;108:217-24,  5Thromb Haemost 2012;107:253-9 Neurocrit Care 2016;24:413-9

Risk of serious side effects: arterial or venous thrombosis in ~1% 
(may be higher w/aPCC), immediate allergic reactions, DIC, HIT



Nonspecific hemostatic agents
Recombinant factor VIIa
◦ FXaI: partial improvement in coag defects in normal volunteers
◦ Dabigatran:  No reduction in ICH growth, blood loss, or bleeding 

time in mouse models
◦ Risk of thrombotic events

Fresh frozen plasma (FFP)
◦ No data, but poor rationale since not enough factors in 1 U to 

reverse anticoagulant effect
◦ Volume needed for reversal too great

Overall, little to guide choice of nonspecific hemostatic agent
◦ Very low quality evidence and scant data 
◦ No head-to-head comparisons
◦ Unclear which laboratory parameters are most meaningful

1Anesth 2012;116:94-102,   2J Haematolog 2008;93 (Suppl 1):148,    3Circ 2011;124:1573-9,
4Thromb Haemost 2012;108:217-24,  5Thromb Haemost 2012;107:253-9 Neurocrit Care 2016;24:413-9



PCC for dabigatran or rivaroxaban

Eerenberg ES, et al.  Reversal of rivaroxaban and dabigatran by Prothrombin Complex Concentrate: A randomized, 
placebo-controlled, crossover study in healthy subjects.  Circulation. 2011;124:1573-1579.



PCC normalized PT and 
endogenous thrombin 
potential (EPT) after 
rivaroxaban.



Eerenberg ES, et al.  Reversal of rivaroxaban and dabigatran by Prothrombin Complex Concentrate: A randomized, 
placebo-controlled, crossover study in healthy subjects.  Circulation. 2011;124:1573-1579.

PCC had no effect on 
aPTT, TT, or ECT after 
dabigatran.



4-factor PCC contains Factors II, VII, IX, and X.  
All are upstream of site of action for dabigatran. 





Specific NOAC reversal agents

Idarucizumab
(Praxbind)1

Andexanet alfa
(Annexa)2

Ciraparantag / 

aripazine/ PER9773,4

Chemical structure Humanized antibody 
fragment

Recombinant FXa
derivative

Synthetic molecule

Target dabigatran
(affinity ≈350× > FIIa)

rivaroxaban, apixaban, 
edoxaban, enoxaparin

dabigatran, FXaI, UFH, 
LMWH

Onset <5 min 2 min 5-10 min

Half life Initial 47m; terminal 10h Terminal ~6h Duration of action: 24h

Elimination Kidney Not reported Not reported

Status FDA approved 2015 Rejected by FDA    
Sept 2016

Phase II studies

1RE-VERSE AD NEJM 2015; 373:511-20,  2ANNEXA-4 NEJM 2016;375;1131-41,
3Thromb Haemost 2016;146:113-8, 4Thromb Haemost 2017;117:238-45



“I dare you…”





Idarucizumab
Dilute Thrombin Time (TT) 
and Ecarin Clotting Time 
(ECT) before and after 
Idarucizumab (two infusions). 

Group A: 51 patients with 
serious bleeding           
(Panels A and C)

Group B: 39 who required 
urgent surgery / intervention 
(Panels B and D). 

The dashed lines = ULN

Pollack CV Jr et al. N Engl J Med 2015;373:511-520



Plasma concentrations of 
unbound Dabigatran and 
Idarucizumab before and 
after Idarucizumab.

Group A: 51 patients with 
serious bleeding         
(Panels A and C)

Group B: 39 who required 
urgent surgery / intervention 
(Panels B and D). 

Pollack CV Jr et al. N Engl J Med 2015;373:511-520

Idarucizumab



Pt 1: [dab] 1170 ng/mL.   Pt 2: [dab] 2260 ng/mL.
Rx range: 40-240 ng/mL



Simon A, et al.  The recommended dose of idarucizumab may not always be sufficient for sustained reversal of dabigatran The recommended 
dose of idarucizumab may not always be sufficient for sustained reversal of dabigatran. J Thromb Haemost 2017; 15: 1317–1321.



Simon A, et al.  The recommended dose of idarucizumab may not always be sufficient for sustained reversal of dabigatran The recommended 
dose of idarucizumab may not always be sufficient for sustained reversal of dabigatran. J Thromb Haemost 2017; 15: 1317–1321.



Dabigatran reversal
Minor bleeding: supportive care and close observation

Major bleeding: if last dose < 48h or  ClCr or  TT

Idarucizumab 5 g IV (2 consecutive 2.5 mg infusions)

If idarucizumab not available, consider

◦ Activated charcoal if overdose or last dose <2 h ago & low 
aspiration risk

◦ Hemodialysis if renal failure and last dose <4 h ago

◦ Nonspecific hemostatic agent (PCC or aPCC 50U/kg IV)

(though poor supporting data)

Avoid Idarucizumab and PCC in same patient.



Idarucizumab
No dosing adjustment necessary for renal impairment

Does not impede rapid therapeutic anticoagulation on restarting 
dabigatran (24h in healthy volunteers)

Repeat dose administered after 2 mo effectively neutralized 
dabigatran again, suggesting minimal immunogenicity

Am Soc Hematol. 2014;344



Factor Xa Inhibitor reversal
(apixaban, rivaroxaban, edoxaban)
Minor bleeding: supportive care and close observation

Major bleeding: if last dose < 48h or  ClCr or  αFXa assay

◦ Nonspecific hemostatic agents (PCC or aPCC 50U/kg IV) 

◦ Activated charcoal if overdose or last dose <2 h ago & low 
aspiration risk

◦ No role for hemodialysis

Am J Cardiovasc Drugs 2014;14:147–54, Arterioscler Thromb Vasc Biol 2015;35:1736–45





Siegal DM et al. Andexanet alfa for reversal of Factor Xa inhibitor activity. N Engl J Med 
2015;373:2413-2424



N Engl J Med 2016;375:1131-41.

Connolly SJ, et al.  Andexanet Alfa for acute major bleeding associated with Factor Xa Inhibitors.  N Engl J 
Med 2016;375:1131-41.



Connolly SJ, et al.  Andexanet Alfa for acute major bleeding associated with Factor Xa Inhibitors.  N Engl J 
Med 2016;375:1131-41.





Ansell JE, et al. Single-dose ciraparantag safely and completely reverses anticoagulant effects of 
edoxaban." Thromb Haemostasis117.2 (2017): 238-245.



Management of NOAC-related bleeding Mild Moderate Severe/life-threatening*

Dabigatran Fxa-I

Supportive measures

hold NOAC/other antithrombotics X X X X

activated charcoal (if OD or <2h) X X X

volume support/IVF  transfusion X X X

mechanical compression/surgery X X X

hemodialysis (if renal failure) X

Nonspecific hemostatic agents

PCC > aPCC > rFVIIa X

Specific reversal agents

Idarucizumab X

Andexanet alfa if approved

Ciraparantag if approved if approved

*Hemodynamic compromise, ICH, bleeding into critical organ or closed space, persistent bleeding despite 
supportive measures, risk of recurrence bec excess NOAC drug exposure due to delayed clearance (ARF) or OD
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