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D IRECT oral anticoagulants (DOACs), anti-IIa (dabiga-
tran) or anti-Xa (rivaroxaban, apixaban, and edoxaban), 

are now recognized as a major step forward for patients with 
nonvalvular atrial fibrillation or recurrent venous thromboem-
bolism requiring long-term anticoagulation for the prevention 
of thromboembolic events. The efficacy–safety ratio of DOACs 
is similar or even better in comparison with vitamin K antago-
nists (VKA) in clinical trials,1,2 and this benefit appears to be 
reproduced in the real world,3 especially with the reduction 
of approximately one half of intracranial hemorrhages com-
pared with VKA. However, spontaneous severe bleeding still 
occurs at significant rates during DOAC treatment. Based on 
the reported experience of severe bleeding in clinical trials,4–6 a 
limited number of case reports, and conflicting results of pro-
thrombin complex concentrates (PCCs) and activated PCCs 
in animal studies or in vitro or ex vivo studies in humans,7–10 

What We Already Know about This Topic

•	 Specific reversal strategies are currently available for 
dabigatran and in development for the anti-Xa agents. Other 
strategies used to manage bleeding in patients treated with 
these direct oral anticoagulants include measuring plasma 
levels of anticoagulants and therapy with prothrombin complex 
concentrates. However, there is little information currently 
available regarding these management modalities.

What This Article Tells Us That Is New

•	 In a prospective cohort registry study of 732 patients treated 
with direct oral anticoagulants and hospitalized for severe 
bleeding, bleeding sites were gastrointestinal in 37% and 
intracranial in 24% of the cases. Activated or nonactivated 
prothrombin complex concentrates were administered in 
38% of the cases with a day 30 mortality of 13.5% and varied 
according to bleeding sites but was similar to previous reports. 
This report provides a detailed assessment of direct oral 
anticoagulant-treated patients managed in clinical settings.
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ABSTRACT

Background: The use of prothrombin complex concentrates and the role of plasma concentration of anticoagulants in the 
management of bleeding in patients treated with direct oral anticoagulants are still debated. Our aim was to describe manage-
ment strategies and outcomes of severe bleeding events in patients treated with direct oral anticoagulants.
Methods: We performed a prospective cohort study of 732 patients treated with dabigatran, rivaroxaban, or apixaban hospi-
talized for severe bleeding, included prospectively in the registry from June 2013 to November 2015.
Results: Bleeding was gastrointestinal or intracranial in 37% (212 of 732) and 24% (141 of 732) of the cases, respectively. 
Creatinine clearance was lower than 60 ml/min in 61% (449 of 732) of the cases. The plasma concentration of direct oral anti-
coagulants was determined in 62% (452 of 732) of the cases and was lower than 50 ng/ml or higher than 400 ng/ml in 9.2% 
(41 of 452) and in 6.6% (30 of 452) of the cases, respectively. Activated or nonactivated prothrombin complex concentrates 
were administered in 38% of the cases (281 of 732). Mortality by day 30 was 14% (95% CI, 11 to 16).
Conclusions: Management of severe bleeding in patients treated with direct oral anticoagulants appears to be complex. The use 
of prothrombin complex concentrates differs depending on bleeding sites and direct oral anticoagulant plasma concentrations. 
Mortality differs according to bleeding sites and was similar to previous estimates. (Anesthesiology 2017; 127:111-20)
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guidelines to manage bleeding in patients treated with DOACs 
have been published.11,12 Owing to the lack of clinical trials 
until the recent introduction of specific antidotes of dabigatran 
(idarucizumab13) or xabans (andexanet alfa14), these guidelines 
mainly reflect expert opinions and have a low evidence level.

To obtain more data on the current management of these 
patients, we set up a large multicenter prospective observational 
study on a European binational basis. The present article reports 
the results obtained in 732 patients with major bleeding requir-
ing hospitalization when specific antidotes were not available. 
The primary objective of the study was to describe the man-
agement of bleeding episodes and subsequent outcomes until 
day 30. The secondary objectives were to describe the typology 
of bleeding, to describe the clinical and biologic characteristics 
of the patients on admission, and to analyze how these data 
have influenced the choice of treatment, in particular the use of 
reversal agents (four-factor PCC or activated PCC).

Materials and Methods
The GIHP-NACO registry (NCT02185027) (Gestes Inva-
sifs et Hémorragies chez les Patients Traités par les Nouveaux 
Anticoagulants Oraux) is a large, prospective, multicenter 
registry, set up by the Groupe d′Intérêt en Hémostase Pério-
pératoire (GIHP), enrolling patients treated with a DOAC 
and hospitalized for spontaneous or posttraumatic bleeding 
or who needed urgent invasive procedures (for a list of partic-
ipating centers, see the appendix) in 36 centers in university, 
general, and private hospitals in France and Belgium (www.
ClinicalTrials.gov Identifier NCT02185027). The registry 
opened in June 2013 and closed in November 2015. A sub-
sample of these data was presented at the American Society of 
Hematology Meeting in San Francisco, California, in 2014 
and published as an abstract (Blood 2014; 124:2877). This 
report presents the data from patients with severe bleeding 
under treatment with DOACs (dabigatran, rivaroxaban, or 
apixaban) for indications including atrial fibrillation and 
treatment of deep venous thrombosis or pulmonary embo-
lism. Patients treated with DOACs for prevention of venous 
thromboembolism after major orthopedic surgery were not 
included. The institutional review board (Comité d’Ethique 
des Centres d’Investigation Clinique de l’Inter-région 

Rhône-Alpes-Auvergne, France; institutional review board 
number 5891) approved the study (reference 2013-02). Oral 
consent was obtained from all patients or proxies. Written 
informed consent of the patients was not necessary according 
to French law regarding observational studies.

Local investigators screened hospitalized patients pre-
senting with bleeding events. Data including demographic, 
clinical, laboratory tests, and treatment were documented 
using an electronic case report form providing immediate 
and continuous monitoring for completeness and accuracy 
(ClinInfo S.A., France).

Bleeding management was assessed by collecting the fol-
lowing: rates and counts of erythrocyte, plasma or platelet 
transfusions, the use of agents such as PCC, factor VIII 
inhibitor bypass activator (FEIBA®, France), recombinant 
activated factor VII concentrate, fibrinogen concentrates, 
or tranexamic acid. Three-factor PCCs were not available 
in the participating centers. In France, three four-factor 
PCCs with similar contents in factors II, VII, IX, and X and 
proteins C and S were used: KANOKAD® (LFB, Les Ulis, 
France), OCTAPLEX® (Octapharma, Boulogne-Billan-
court, France), and CONFIDEX® (CSL-Behring, Marburg, 
Germany).15,16

Clinical Outcome Definitions
All clinical outcomes were assessed 30 days after admission. 
All bleeding events were classified as major or nonmajor 
clinically relevant.

Major bleeding was defined as overt bleeding with any of 
the following: fatal bleeding and/or symptomatic bleeding in a 
critical area or organ such as intracranial, intraspinal, intraocu-
lar, retroperitoneal, intraarticular or pericardial, or intramus-
cular with compartment syndrome and/or bleeding causing a 
fall in hemoglobin level of 20 g/l or more or leading to transfu-
sion of two or more units of whole blood or red cells.17

Since all patients included in this cohort were admitted to 
a hospital, nonmajor bleeding fulfilled nonmajor clinically 
relevant criteria defined as any sign or symptom of hemor-
rhage that did not fit the criteria for the International Society 
of Thrombosis and Hemostasis (ISTH) definition of major 
bleeding but did meet at least one of the following criteria: 
(1) requiring medical intervention by a healthcare profes-
sional; (2) leading to hospitalization or increased level of 
care; or (3) prompting a face-to-face (i.e., not just a tele-
phone or electronic communication) evaluation.18

On day 30 postbleeding, patients were also evaluated for 
suspected major cerebral and cardiovascular events (MAC-
CEs) after the acute bleeding event. MACCEs were defined 
as fatal or nonfatal cardiovascular complication events as fol-
lows: acute coronary syndrome, stroke or transient ischemic 
attack or systemic embolism, deep venous thrombosis or pul-
monary embolism, pulmonary edema, cardiogenic shock, or 
any other fatal cardiovascular event as assessed by investiga-
tors. It excluded rebleeding or any new bleeding episode. The 
fatality rate was assessed at day 30 postbleeding.

France (P. Suchon); Department of Emergency Medicine, Saint Eti-
enne University Hospital, Saint Etienne, France (A.V.); Department 
of Anesthesiology and Intensive Care Medicine, Hospices Civils de 
Lyon, Lyon Sud University Hospital, Pierre Benite, France ( J.S.D.); 
Department of Hematology, Tours University Hospital, Tours, France 
(Y.G.); Department of Anesthesiology and Intensive Care Medi-
cine, Brest University Hospital, Brest, France (L.B.); Department of 
Hematology, Dijon University Hospital, Dijon, France (E.d.M.); and 
Center of Clinical Investigation (P.R., J.-L.B.), Biostatistic Unit (S.T.), 
and Department of Vascular Medicine (G.P.), Grenoble Alpes Uni-
versity Hospital, Techniques pour l′Evaluation et la Modélisation 
des Actions de Santé (ThEMAS), Techniques de l′Ingénierie Médi-
cale et de la Complexité (TIMC), Unité Mixte de Recherche (UMR), 
CNRS 5525, Université Grenoble-Alpes, Grenoble, France.

*Members of the Gestes Invasifs et Hémorragies chez les 
Patients Traités par les Nouveaux Anticoagulants Oraux (GIHP-
NACO) Study Group are listed in the appendix.
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Statistical Analysis
Descriptive results are expressed as frequency and percent-
age for categoric variables and were compared using the chi-
square test (or Fisher exact test for small samples). P < 0.05 
was considered significant. For continuous variables, statis-
tics are expressed as median, range, interquartile range, and 
95% CIs (V.13.0; Stata Corp, USA).

Results
From June 2013 to November 2015, 732 patients treated 
with DOACs and admitted to 36 hospitals were consecutively 
included in the registry. Eligible patients were identified from 
different departments: emergency rooms, intensive care units, 
and the departments of neurology, cardiology, gastroenterol-
ogy, and surgery. There were 535 patients (73%) admitted to 
the hospital from the emergency room, and 156 (21%) and 
39 (5.3%) were admitted directly to intensive care units or to 
other medical or surgical departments, respectively.

The demographic and clinical characteristics of the patients 
are presented in table 1. Among the patients included in this 
analysis, 207 (28%) were treated with dabigatran, 472 (64%) 
were treated with rivaroxaban, and 53 (7.2%) were treated 
with apixaban. When patients were treated with rivaroxaban 
(10 mg) or dabigatran (75 mg twice daily; unlicensed thera-
peutic protocols in Europe for atrial fibrillation or venous 
thromboembolism treatment), the indication was confirmed 
with the local investigator. As a result, 85% of the patients 
included in the registry were treated for atrial fibrillation, and 
34% of all patients had been treated for fewer than 6 months.

Among the patients, 42% were older than 80 yr, and 
69% of the patients had moderate to severe renal dysfunc-
tion. There were 26% of the patients who were also receiv-
ing other medications with antithrombotic properties such 
as nonsteroidal antiinflammatory drugs, aspirin, VKA, or 
heparin, concomitantly or within days before admission for 
bleeding. In 64% of the cases, patients were also treated with 
medications interacting with P-glycoprotein or CYP450.

The sites, types, and severity of bleeding events are sum-
marized in table 2. Severe bleeding events were mainly major 
according to ISTH criteria19 (74%) and spontaneous (79%).

In 94% of the cases, conventional routine hemostasis lab 
tests were performed. In 62% of the cases, a plasma concen-
tration of dabigatran, rivaroxaban, or apixaban was deter-
mined on admission (table 3). The median concentrations of 
dabigatran, rivaroxaban, and apixaban were 162, 124, and 
111 ng/ml, respectively. Among these patients, 9.2% had a 
plasma concentration that was lower than 50 ng/ml at the 
time of blood sampling. On the other hand, 6.6% of these 
patients had a DOAC concentration higher than 400 ng/ml, 
up to 3,500, 1,245, and 537 ng/ml for dabigatran, rivaroxa-
ban, and apixaban, respectively. The median time between 
the last intake of DOACs and blood sampling was 12 h. In 
patients with a plasma concentration of less than 50 ng/ml, 
intracranial hemorrhage was observed in 42%, gastrointes-
tinal bleeding was observed in 27%, and bleeding at other 

sites was observed in 31% of the cases. Plasma concentra-
tions were not significantly higher in patients treated with 
medications interacting with P-glycoprotein or CYP450, 
compared to patients who were not (table 4).

Bleeding management is described in table  4. PCCs 
(activated or nonactivated) were more frequently admin-
istered when bleeding occurred in a critical organ (intra-
cranial or spinal; 57%) than in other sites (28%). PCCs 
were used in 28% of the patients for whom DOAC plasma 
concentrations were not determined. PCCs were used in 
39% of cases where plasma concentrations were less than 
50 ng/ml, 44% with plasma concentrations between 50 and 
400 ng/ml, and 50% with plasma concentrations higher 
than 400 ng/ml (P = 0.001). This study was not designed 
to address the hemostatic efficacy of PCC in specific bleed-
ing sites. The adequacy of hemostasis provided by the PCC 
treatment was therefore assessed subjectively by local inves-
tigators with an ordinal scale: totally, partially, or not at all 
in 44, 37, and 19% of the cases, respectively.

Thirty days after bleeding, MACCEs occurred in 7.4% 
of the cases. On day 30, case fatality was 13.5% (95% CI, 
11.0 to 16.2) with central nervous system causes in 42% of 
the cases (table 5).

Patients with gastrointestinal bleeding events were 
elderly (mean age, 78.6 ± 10). Of these patients, 76% had 
a CHA2DS2Vasc score higher than 2, 24% had a history 
of heart failure, 25% had a history of stroke, and 20% 
had previous bleeding. The mortality in patients present-
ing with gastrointestinal bleeding was high (11.9% 30-day 
mortality).

Discussion
Patients with bleeding during dabigatran, rivaroxaban, or 
apixaban treatment have been analyzed in several substudies 
of pivotal trials evaluating the efficacy and safety of dabiga-
tran, rivaroxaban, and apixaban.4,6,20–23 These studies aimed 
to compare the management and prognosis of major bleed-
ing in patients treated with dabigatran or rivaroxaban ver-
sus warfarin. However, bleeding management during these 
treatments was not formally analyzed. Our registry aimed to 
describe the actual management of patients regarding the use 
of PCC and plasma concentration determination in a real 
world cohort and association with the outcome. This registry 
was not designed to obtain an estimation of incidence or 
the relative importance of bleeding in patients treated with 
dabigatran, rivaroxaban, or apixaban.

As observed in patients with bleeding events in phase 
III trials, the patients included in our registry were mainly 
elderly. Creatinine clearance was lower than 60 ml/min 
in 61% of the patients. Similar results have been previ-
ously reported.13,14 Indeed, renal function may have been 
altered in different ways: (1) slow deterioration of renal 
function before the bleeding events due to comorbidities, 
treatment, or an acute illness (infection or dehydration) 
owing to accumulation of DOACs; (2) acute renal failure 
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Table 1.  Demographic and Clinical Characteristics

 Dabigatran Rivaroxaban Apixaban All

n 207 472 53 732
Age, yr, median [25th–75th] 81 [75–86] 77 [69–83] 78 [70–83] 78 [70–84]
Sex, % female 86 (42) 195 (41) 24 (45) 305 (42)
BMI 25 [23–28] 26 [24–29] 25 [23-28] 26 [23–29]
History (%)     
  Hypertension 132 (65) 311 (67) 34 (65) 477 (65)
  Heart failure or reduced LVEF 39 (19) 84 (18) 10 (19) 133 (18)
  Coronary artery disease 44 (22) 91 (20) 13 (25) 148 (21)
  Stroke 51(25) 101 (22) 11 (21) 163 (23)
  Diabetes mellitus 39 (19) 100 (22) 13 (25) 152 (21)
  Peripheral vascular disease 52 (26) 100 (22) 13 (25) 165 (23)
  Liver disease 9 (4.5) 14 (3.0) 2 (3.5) 25 (3.5)
  Alcohol abuse 23 (11) 28 (6.0) 1 (1.9) 52 (7.2)
  Bleeding 31 (15) 60 (13) 10 (19) 101 (14)
Creatinine clearance (Cockcroft and Gault), ml/min (%) 
   �> 60 41 (20) 148 (31) 12 (23) 201 (27)
 � 30–59 102 (49) 214 (45) 25 (47) 341 (47)
 � 15–29 38 (18) 43 (9.1) 10 (19) 91 (12)
   �< 15 9 (4.3) 6 (1.3) 2 (3.8) 17 (2.3)
Patients with AF     
 � n (%) 197 (95) 376 (80) 51 (96) 624 (85)
   �CHA2DS2-VASC score, median [25th–

75th]
4 [3–4] 3 [3–4] 3 [3–4] 3 [3–4]

 � CHA2DS2-VASC > 2 (%) 156 (79) 292 (78) 40 (78) 488 (78)
  Treatment regimen (%)     
 150 mg BID: 39 (20) 20 mg OD: 187 (50) 2.5 mg BID: 23 (45) —
 110 mg BID: 146 (74) 15 mg OD: 163 (43) 5 mg BID: 27 (53) —
 75 mg BID: 6 (3.0) 10 mg OD: 12 (3.2) — —
 Other and unknown:  

6 (3.0)
Other and unknown:  

14 (3.7)
Other and unknown: 

1 (2.0)
—

  Time between first treatment and bleeding (%) 
    < 1 week 5 (2.5) 12 (3.2) 4 (7.8) 21 (3.4)
    1 week to 1 month 11 (5.6) 37 (9.8) 12 (23) 60 (9.6)
  �  1 month to 6 months 31 (15) 65 (17) 17 (33) 113 (18)
    > 6 months 92 (47) 150 (40) 9 (18) 251 (40)
  �  Unknown 58 (29) 112 (30) 9 (18) 179 (29)
Patients with VTE, n (%) 1 (0.5) 73 (16) 1 (1.9) 75 (10)
  Treatment regimen (%)     
 150 mg OD: 1 (100) 15 mg BID: 10 (14) Unknown: 1 (100) —
 — 20 mg OD: 52 (71) — —
 — 15 mg OD: 7 (9.6) — —
 — Other and unknown:  

4 (5.5)
— —

  Time between first treatment and bleeding (%) 
  �  < 1 week  5 (17)  5 (6.7)
  �  1 week to 1 month 1 (100) 14 (19) 1 (100) 16 (21)
  �  1 month to 6 months — 32 (44) — 32 (43)
  �  > 6 months — 20 (27) — 20 (27)
  �  Unknown — 2 (2.4) — 2 (2.7)
Indication unknown (%) 6 (2.9) 9 (1.9) 1 (1.9) 16 (2.2)
Off-label indication (%) 3 (1.4) 14 (3.0) — 17 (2.3)
Medication taken within 3 days of admission     
 � n (%) 48 (23) 104 (22) 14 (26) 166 (23)
 � NSAIDs 6 (2.9) 10 (2.1) — 16 (2.9)
 � Aspirin 28 (14) 72 (15) 11 (21) 111 (15)
 � Clopidogrel 6 (2.9) 14 (3.0) 1 (1.9) 21 (2.9)
 � VKA 3 (1.4) 2 (0.4) 1 (1.9) 6 (0.8)
 � LMWH 2 (1.0) 3 (0.6) 2 (3.8) 7 (0.9)
 � UFH 1 (0.5) 6 (0.3) — 7 (0.9)
Medication interacting with PgP or CYP450 

(n = 730) (%)
139 (67) 291 (62) 39 (74) 469 (64)

AF = atrial fibrillation; BID = twice a day; BMI = body mass index; CYP450 = cytochrome P450; LMWH = low molecular weight heparin; LVEF = left ventricu-
lar ejection fraction; NSAID = nonsteroidal antiinflammatory drugs; OD = once a day; PgP = P-glycoprotein; UFH = unfractionated heparin; VKA = vitamin 
K antagonist; VTE = venous thromboembolism; UFH = unfractionated heparin.
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Table 2.  Site Type and Severity of Bleeding

 
Dabigatran  
(n = 207)

Rivaroxaban  
(n = 472)

Apixaban  
(n = 53)

All  
(n = 732)

Spontaneous bleeding, n (%) 156 (75) 384 (81) 40 (76) 580 (79)
  Site n (%)     
 �   Gastrointestinal 82 (52) 114 (30) 17 (43) 212 (37)
  �  Intracranial 25 (16) 104 (27) 12 (30) 141 (24)
  �  Intramuscular/skin 10 (6.4) 48 (13) 1 (2.5) 59 (10)
  �  Epistaxis 9 (5.8) 42 (11) 2 (5.0) 53 (9.1)
  �  Hematuria 16 (10) 22 (5.7) 2 (5.0) 40 (6.9)
  �  Hemoptysis 4 (2.6) 16 (4.2) 3 (7.5) 23 (4.0)
  �  Retroperitoneal 3 (1.9) 6 (1.6) 2 (5.0) 11 (1.9)
  �  Pericardial 2 (1.3) 8 (2.1) — 10 (1.7)
  �  Intraperitoneal 2 (1.1) 7 (1.8) — 9 (1.6)
  �  Vaginal — 5 (1.3) 1 (2.5) 6 (1.0)
  �  Hemothorax 2 (1.3) 4 (1.3) — 6 (1.0)
  �  Intraarticular 1 (0.6) 3 (0.8) — 4 (0.7)
  �  Intraspinal — 3 (0.8) — 3 (0.5)
  �  Other 1 (0.6) 2 (0.5) — 3 (1.9)
Bleeding related to trauma (%) 51 (25) 86 (18) 13 (25) 150 (21)
  Multiple trauma (%) 18 (35) 22 (26) 2 (15) 42 (28)
  Head trauma (%) 33 (65) 59 (69) 10 (77) 102 (69)
  Unknown (%) — 5 (5.8) 1 (7.7) 5 (3.4)
Other (%) — 2 (0.4) — 2 (0.3)
Major bleeding (according to ISTH 

criteria) (%)
157 (76) 342 (73) 39 (74) 538 (74)

ISTH = International Society of Thrombosis and Hemostasis.

Table 3.  Laboratory Results on Admission

 
Dabigatran
(n = 207)

Rivaroxaban
(n = 472)

Apixaban
(n = 53)

All
(n = 732)

Hemoglobin     
 � n (%) 204 (99) 467 (99) 53 (100) 724 (99)
 � Median [25th–75th] (g/dl) 11.7 [8.6–13.3] 12.3 [9.6–13.8] 12.2 [10–14] 12.1 [9.3–13.7]
Platelet count     
 � n (%) 198 (96) 451 (96) 53 (100) 702 (96)
 � Median [25th–75th], g/l 204 [178–275] 226 [180–286] 214 [167–287] 225 [179–284]
Fibrinogen     
 � n (%) 147 (72) 294 (62) 18 (34) 479 (65)
 � Median [25th–75th], g/l 3.7 [3–4.3] 3.8 [3.1–4.5] 3.9 [3.3–4.5] 3.8 [3.1–4.4]
aPTT ratio     
 � n (%) 193 (93) 440 (93) 45 (85) 678 (93)
 � Median [25th–75th] 1.7 [1.4–2.2] 1.2 [1.0–1.3] 1.1 [1.1–1.3] 1.2 [1.1–1.5]
Prothrombin ratio     
 � n (%) 159 (77) 371 (79) 39 (74) 569 (78)
 � Median [25th–75th] 1.4 [1.2–1.7] 1.4 [1.2–1.7] 1.2 [1.1–1.3] 1.4 [1.2–1.7]
Plasma concentration of DOACs     
 � n (%) 123 (59) 285 (60) 34 (64) 452 (62)
 � Median (range), ng/ml 162 (3–3,500) 124 (0–1,245) 111 (18–537) 128 (0–3,500)
In patients with drugs interacting with 

PgP and/or CYP450
    

 � n (%) 82 (40) 183 (39) 25 (47) 290 (40)
 � Median (range), ng/ml 165 (8–3,474) 120 (0–1,245) 109 (18–334) 125 (0–3,474)
Time between last intake and plasma 

concentration sampling
    

 � n (%) 76 (37) 186 (39) 19 (36) 281 (38)
 � Median (range), h 8.5 (0.8–29) 14 (0.2–62) 11 (2.6–87) 12 (0.2–87)

aPTT = activated partial thromboplastin time; CYP450 = cytochrome P450; DOAC = direct oral anticoagulant; PgP = P-glycoprotein.
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associated with the bleeding event; or (3) off-label use of 
DOACs (not recommended when creatinine clearance is 
lower than 15 ml/mn for rivaroxaban, apixaban, or edoxa-
ban and lower than 30 ml/mn for dabigatran). Monitoring 

renal function is recommended, at least yearly, to detect 
changes in renal function and adapt treatment doses, par-
ticularly in patients with previously altered renal function 
and elderly or frail patients.12

Table 4.  Bleeding Management

 
Dabigatran
(n = 207)

Rivaroxaban
(n = 472)

Apixaban
(n = 53)

All
(n = 732)

Transfusion, n (%) 94 (45) 150 (32) 17 (32) 261 (36)
  Packed erythrocyte, n (%) 86 (42) 143 (30) 14 (26) 243 (33)
  Platelets, n (%) 12 (5.8) 16 (3.4) 4 (7.5) 32 (4.4)
  Fresh frozen plasma, n (%) 32 (16) 32 (6.8) 6 (11) 70 (9.6)
  Fibrinogen concentrate, n (%) 5 (2.4) 6 (1.3) — 11 (1.5)
PCC, n (%) 60 (29) 129 (27) 19 (36) 208 (28)
  Total dose     
   �Median [25th–75th], U 3,000 [1,700–4,000] 3,000 [2,000–4,000] 3,000 [2,000–3,500] 3,000 [2,000–4,000]
   �Median [25th–75th], U/kg 40 [24–50] 44 [25–50] 42 [29–49] 43 [25–50]
   �Second dose, n (%) 5 (8.3) 20 (16) 2 (11) 27 (13)
aPCC, n (%) 26 (13) 41 (8.7) 6 (11) 73 (10)
  Total dose     
   �Median [25th–75th], U 3,500 [2,500–4,000] 3,000 [2,500–3,575] 3,500 [3,000–4,000] 3,000 [2,500–4,000]
   �Median [25th–75th], U/kg 46 [40–52] 44 [37–50] 48 [46–48] 46 [38–50]
 � Second dose, n (%) 2 (7.7) 3 (7.3) — 5 (6.8)
Recombinant factor VIIa — — — —
Tranexamic acid (%) 13 (6.3) 18 (3.8) 3 (5.8) 34 (4.7)
Hemodialysis (%) 7 (3.4) 2 (0.4) — 9 (1.2)
Mechanical means (%)* 60 (29) 151 (32) 13 (25) 224 (31)
Intervention for hemostasis control (%) 48 (23) 119 (25) 8 (15) 175 (24)
  Endoscopy (%) 26 (13) 64 (14) 7 (13) 97 (13)
  Surgery (%) 4 (1.9) 17 (3.6) 1 (1.9) 22 (3)
  Embolization (%) 18 (8.7) 38 (8.1) — 56 (7.7)

*Compression, gauze packing.
aPCC = activated PCC; PCC = prothrombin complex concentrate.

Table 5.  30-day Outcome

 
Dabigatran
(n = 207)

Rivaroxaban
(n = 472)

Apixaban
(n = 53)

All
(n = 732)

MACCE, n (%) 21 (10) 30 (6.4) 3 (5.7) 54 (7.4)
  Venous thromboembolism, n (%) 1 (0.5) 6 (1.3) — 7 (1.0)
  Ischemic stroke, n (%) 2 (1.0) 7 (1.5) 1 (1.9) 10 (1.4)
  Systemic emboli, n (%) — 2 (0.4) — 2 (0.3)
  Acute coronary syndrome, n (%) 5 (2.4) 4 (0.8) 1 (1.9) 10 (1.4)
  Pulmonary edema, n (%) 8 (3.9) 10 (2.1) — 18 (2.5)
  Cardiogenic shock, n (%) 5 (2.4) 6 (1.3) 1 (1.9) 12 (1.6)
All causes of mortality, n 
% [95% CI]

41
20 [15–26]

53
11 [7.6–15]

5
10 [3.3–21]

99
14 [11–16]

Mortality among patients with the following, % [95% CI]     
 � Intracranial hemorrhage (spontaneous) 36 [18–58] 28 [20–38] 17 [2.1–48] 28 [21–37]
 � Head trauma 24 [11–42] 14 [6–25] 10 [0.2–45] 17 [10–25]
 � Gastrointestinal bleeding 16 [8.8–27] 10 [5.1–17] 5.9 [0.1–29] 12 [7.8–17]
Cause of death (%)     
 � Neurologic/CNS 14 (6.8) 26 (5.5) 2 (3.8) 42 (5.7)
 � Bleeding 9 (4.3) 14 (3.0) 1 (1.9) 24 (3.3)
 � Cardiac 6 (2.9) 5 (1.1) 2 (3.8) 13 (1.8)
 � Sepsis 3 (1.4) — — 3 (0.4)
 � Other or undetermined 9 (4.3) 8 (1.7) — 17 (2.3)

CNS = central nervous system; MACCE = major cerebral and cardiovascular events.
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A major consideration of DOACs is that no specific rever-
sal strategy was proposed before the manufacturers made 
them available for clinical use. Antidotes were developed 
several years after the first approval of DOACs.24 To date, 
except for dabigatran, reversal strategies rely on nonspecific 
measures and on the administration of hemostatic agents, 
mainly activated or nonactivated PCC.12 Idarucizumab, 
a humanized monoclonal antibody that selectively binds 
dabigatran, has been recently approved.13 Andexanet alfa 
is a recombinant modified human factor Xa decoy protein 
that has been shown to reverse the inhibition of factor Xa in 
healthy volunteers25 and patients.14 Ciraparantag (PER977) 
is a small cationic and water-soluble molecule designed to 
bind with high affinity to oral FXa inhibitors (edoxaban, 
rivaroxaban, and apixaban) and to dabigatran.26

Little information has been made available on the use 
and timing of specific reversal strategies in pivotal studies on 
DOACs.4,6,23 In these studies, few patients with major bleed-
ing have been treated with PCCs. In the Dresden registry, 
among 1,082 bleeding events observed during rivaroxaban 
exposure, 59% were classified as ISTH minor bleeding, 35% 
were classified as ISTH nonmajor clinically relevant bleed-
ing, and 66 (6.1%) patients had major bleeding treated with 
PCC in 9.1% of the cases.27 Our registry includes a popu-
lation principally with major bleeding events that is large 
enough to obtain a reasonable estimate for specific manage-
ment strategies and outcome.

The use of PCCs to reverse the anticoagulation action of 
DOACs has not yet been assessed in clinical practice but is 
still suggested in international and national guidelines.11,12 
Only animal8,28 or healthy volunteer studies7,9,29 have 
assessed the efficacy of PCCs (activated or not) on differ-
ent endpoints. A study of healthy volunteers compared the 
effect of a three-factor with a four-factor PCC on reversal of 
the anticoagulant effects of rivaroxaban.30 Both four-factor 
PCCs and three-factor PCCs partially reversed the antico-
agulant effects of rivaroxaban with good tolerance and no 
signs of thromboembolic events. In our registry, only four-
factor PCCs or FEIBA were used. The present study shows 
that 38.4% of the patients were treated with PCCs with a 
distribution between activated or nonactivated PCC that is 
similar in patients treated with each DOAC. The use of PCC 
was related to the anatomic site of the bleeding. A majority of 
investigators consider that the use of PCCs partially or totally 
contributed to cessation of bleeding.

The use of coagulation testing during the clinical devel-
opment of DOACs was not used in clinical trials based on 
considerations they would not require monitoring because 
of their highly predictable pharmacokinetics and thera-
peutic effects. Although this position has been challenged 
in subsequent publications regarding dabigatran,31 specific 
plasma concentration techniques have been developed32 for 
each DOAC, in theory either to answer specific questions 
(i.e., compliance to treatment) or to guide periprocedural or 
bleeding management.11 Indeed, numerous case reports and 

series have shown that bleeding events could be related to 
the high plasma concentrations of these new agents,31,33 as 
already observed with other anticoagulant agents.

In the present study, the plasma concentration of DOACs 
was determined on admission in 62% of the patients. Among 
these patients, 9.2% had a plasma concentration that was 
lower than 50 ng/ml at the time of blood sampling. These 
results could in part be explained by the time between the 
last dose and sampling. On the other hand, 6.6% of these 
patients had a DOAC concentration higher than 400 ng/ml, 
suggesting that in several patients, DOACs could accumu-
late owing to renal failure or major drug interaction. Very 
high DOAC plasma concentrations (higher than 400 ng/ml)  
have been observed in previous studies, either in cases of 
intentional overdose cohorts34 and particularly in the con-
text of bleeding.13,14

In our registry, 63% of the patients were also treated 
with medication interacting with the pharmacokinetics of 
DOACs. However, DOAC plasma concentration was not 
significantly higher than in patients not treated with these 
medications. The importance of these potential interactions 
in explaining high DOAC plasma concentration was not 
explored in the present study.

In addition to these observations, the usefulness of 
DOAC plasma concentration determination to guide major 
bleeding management has never been evaluated. The present 
study shows that plasma concentration was positively related 
to the use of PCCs. Hence, plasma concentration could be 
of major importance in identifying patients in whom the 
use of an antidote or, if not available, PCC could be useful 
in reversing the anticoagulant effects of DOACs. However, 
our study does not show that this strategy lowers mortality.

Several analyses of mortality related to major bleeds have 
been performed from pivotal studies of DOACs. Thirty-day 
mortality after the first major bleed in phase III trials com-
paring dabigatran with warfarin was 9.1% in the dabigatran 
group and 13.0% in the warfarin group.23 Using data from 
the ROCKET AF study, the outcomes after major bleeding, 
including all causes of death, were similar in patients treated 
with rivaroxaban and warfarin (20.4 vs. 25.6% in the rivar-
oxaban and warfarin group, respectively).4 In the ARISTO-
TLE study, 8.9% with major nonintracranial bleeding died 
in the apixaban arm, and 9.5% died in the warfarin arm. 
Of those with intracranial hemorrhage, 45.3% died in the 
apixaban arm, and 42.3% died in the warfarin arm.6

The outcomes of intracranial hemorrhage in the 
ROCKET AF and RE-LY studies have been analyzed more 
specifically.21,22 In the RE-LY study, 154 intracranial hemor-
rhages occurred in 153 subjects.22 The mortality rate ranged 
from 24 to 49% depending on the intracranial location of 
the bleeding in both the dabigatran and the warfarin groups. 
During ROCKET AF follow-up, 172 patients experienced 
174 intracranial bleeding episodes.21 Mortality ranged from 
20 to 69% depending on the intracranial location of the 
bleeding in both the rivaroxaban and the warfarin groups.4 
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In the present study, the mortality for spontaneous intracra-
nial hemorrhage (n = 141) was 36, 28, and 17% in patients 
treated with dabigatran, rivaroxaban, and apixaban, respec-
tively, with large confidence intervals.

Several factors impair the comparability with different 
studies on bleeding complications: history, severity, cause, 
and sites of bleeding. Depending on the cause of bleeding, 
mortality can differ greatly owing to the rate of intracranial 
hemorrhage, whose mortality rate is high,35 and to other 
anatomic sites with lower mortality.

Our study has several strengths. The majority of the 
bleeding events described are classified based on major ISTH 
criteria. A detailed clinical and biologic assessment was avail-
able for most of the patients in this real world cohort. This 
included the plasma concentrations of dabigatran, rivaroxa-
ban, or apixaban in a large subset of patients. Step-by-step 
management of these bleeding episodes is described including 
the use of hemostatic agents as suggested in most guidelines.

Our study has the limitations inherent to the observa-
tional nature of the study. This impacts the distribution of 
the bleeding sites and the severity of the cases. Moreover, the 
rate of inclusion among the 36 participating centers ranged 
from 1 to 67 depending on the investigator’s department.

Conclusions
The data available in the GIHP-NACO registry provide 
an instant picture of the complex management of DOAC-
induced major bleeding events in two European countries. 
Despite compliance to specific management, including the 
use of hemostatic agents or plasma concentration determi-
nation, mortality remains high. Specific analysis of bleeding 
sites is needed to assess the role of present or future (anti-
dote) reversal strategies to improve the outcome of major 
bleeding in patients treated with DOACs.
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