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Abstract

Background Activated prothrombin complex concen-
trates factor eight inhibitor bypassing activity (FEIBA) has
been recommended for reversing novel oral anticoagulants
(NOAC) in the context of intracerebral hemorrhage (ICH),
though few clinical studies report its use.

Methods A prospective study of patients with sponta-
neous ICH was conducted from May 2013 to May 2015.
Hospital complications including hemorrhage (gastroin-
testinal bleeding, anemia requiring transfusion, and
surgical site bleeding) and thrombosis (pulmonary embo-
lus, deep vein thrombosis, ischemic stroke, and myocardial
infarction) were recorded. All ICH patients underwent
baseline head CT and a follow-up stability scan in 6 h.
NOAC taken within 48 h of presentation was reversed with
FEIBA (50 u/kg) per protocol. Three-month outcomes
were assessed using the modified rankin score (mRS).
Results Of 127 ICH patients enrolled, 6 (5 %) had
NOAC-related ICH including: oral factor XA inhibitor
N=35 (4 %; N=4 rivaroxaban, N = 1 apixaban] and
direct thrombin inhibitor N = 1 (0.8 %; dabigatran). The
indication for NOAC was atrial fibrillation in all patients
and the median CHADS2-VASC score was 4 (range 2-5).
The median admission NIHSS was 2 (range 0—14) and the
median ICH volume was 8 mL (range 1-20). Five patients
(3 rivaroxaban, 1 apixaban, 1 dabigatran) presented within
48 h and received FEIBA within a median of 13 h (range
10-29 h) from their last NOAC dose and 8 h (range
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4.5-20) from the time last known well. None of the patients
had ICH expansion, hemorrhagic, or thrombotic compli-
cations. Three-month median mRS was 1 (range 0-6).
Conclusion In this small case series, reversal of NOAC
with FEIBA was not associated with ICH expansion or any
thrombotic or hemorrhagic complications.
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Introduction

Atrial fibrillation is a major risk factor for ischemic strokes.
Its prevalence is on the rise due to an aging population [1].
Vitamin K antagonists such as warfarin have been the
mainstay of drug therapy to prevent embolic events related
to atrial fibrillation [2]. However, limitations of warfarin
include its narrow therapeutic window, requirement of
frequent blood testing, drug and food interactions, and
hemorrhagic adverse events. The most feared complication
of warfarin therapy is intracerebral hemorrhage (ICH),
which carries a high morbidity and mortality rate (65 %)
[3]. Novel oral anticoagulants (NOACs) such as direct
thrombin inhibitors (dabigatran) and oral factor Xa inhi-
bitors (rivaroxaban, apixaban, and edoxaban) have been
FDA approved in recent years for prevention of car-
dioembolic strokes in patients with non-valvular atrial
fibrillation among other indications for their use [4-6].
NOACs are proven at least as effective as warfarin in
preventing strokes, with less risk of hemorrhage, wider
therapeutic range, shorter half-lives, and no required blood
testing [7]. Although the risk of ICH is significantly less
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with some NOACs than with warfarin, no reversal agents
or effective antidotes are available to date. The recent
American Heart Association guidelines on management of
spontaneous ICH in setting of NOACs suggest the use of
factor eight inhibitor bypassing activity (FEIBA) as a
potential reversal agent (Class IIb, level C) [8]. FEIBA is
an activated prothrombin complex concentrate, which
contains activated factors II, VII, IX, and X [9]. The evi-
dence for the use of FEIBA in counteracting coagulopathy
in NOAC-related ICH is mainly based on animal and
healthy volunteer studies assessing laboratory endpoints,
rather than radiographic or clinical outcomes. We report
five cases of NOAC-related ICH treated with FEIBA in our
tertiary care center along with a review of the existing
literature.

Methods
Study Population

We retrospectively reviewed prospectively collected data
on patients admitted with spontaneous ICH to the Cleve-
land Clinic Neurocritical care unit between May 2013 and
May 2015. Inclusion criteria for the study database were:
age > 18 years, ICH diagnosed by brain computed
tomography (CT), and admission to the neurological ICU
within 14 days of initial intracranial hemorrhage. Exclu-
sion criteria were: traumatic or postoperative ICH. The
local institutional review board approved the study. All
patients or their surrogate decision makers were consented
for participation in this study.

Patient Assessments

The following data were prospectively collected: demo-
graphics including age, gender, medical history, pre-
morbid functional status, admission glasgow coma scale,
national institute of health stroke scale (NIHSS), ICH
score, and baseline medications. Admission laboratory
findings were recorded including: the PT, INR, aPTT,
creatinine, platelet count, and chromogenic factor Xa assay
(as available). NOAC taken within 48 h of presentation
with ICH was reversed with FEIBA (50 uw/kg). This dose
was selected based on studies in healthy volunteers, which
have shown partial or complete reversal of rivaroxaban-
induced coagulation abnormalities using FEIBA doses
ranging from 25 to 80 w/kg [10, 11]. Additionally, case
reports of FEIBA to reverse dabigatran-associated life-
threatening bleeding have used doses ranging from 26 to
100 u/kg [12-14]. However, when only 26 u/kg was
administered, an additional 16 u/kg was required due to the
concern for ongoing bleeding [15]. The European Heart
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Rhythm Association and others have suggested a dose of
50 u/kg of FEIBA for dabigatran-associated bleeding.
Because the risk of thrombotic events and DIC increases
with higher doses, 50 u/kg of FEIBA were selected [16].
Adjustments for renal or hepatic insufficiency are not
required. Hospital complications including hemorrhage
(gastrointestinal bleeding, anemia requiring transfusion,
and surgical site bleeding) and thrombosis (deep vein
thrombosis, pulmonary embolus, ischemic stroke, and
myocardial infarction) were recorded. Hemorrhagic com-
plications were recorded because FEIBA is not a specific
antidote to oral direct factor Xa inhibitors or direct
thrombin inhibitors. It is conceivable that incomplete
coagulopathy reversal could occur, leading to hemorrhagic
complications. At ICU admission, all patients received a
screening EKG and three sets of cardiac enzyme mea-
surements 8 h apart. If cardiac enzyme levels were
elevated, additional levels were measured serially every
8 h. Screening venous compression ultrasound was not
performed in accordance with published guidelines [17,
18]. In patients who developed symptoms of venous
thromboembolism (hypoxia, chest pain, lower extremity
swelling, or unexplained fever) venous ultrasound and/or
chest angiography were performed.

All ICH patients underwent admission brain CT and a
follow-up stability scans in 6 h to assess for hematoma
expansion. ICH volumes were calculated using the ABC/2
method. The final etiology of the ICH was adjudicated by the
Neuro ICU attendings caring for the patient after review of
the clinical and radiographic data. Three-month outcomes
were assessed using the modified rankin score (mRS) by
telephone interview following hospital discharge.

Results

A total of 127 ICH patients were identified and met our
inclusion criteria including: 92 non-coagulopathic patients
(72 %), 29 warfarin-related ICH patients (23 %), and six
NOAC-related ICH patients (5 %). The NOAC-related ICH
group was further categorized based on the specific NOAC
used and included five patients on oral factor Xa inhibitors
(four patients on rivaroxaban, one patient on apixaban) and
one patient with dabigatran-related ICH. The median pre-
morbid mRS was similar across groups: 0 (range 0-3) for the
non-coagulopathic group, 0 (range 0-5) for the warfarin
group, and O (range 0-3) for the NOAC group. Admission
NIHSS was lower in the NOAC group (2, range 0-14)
compared to the warfarin (8, range 0-32) and non-coagulo-
pathic (8, range 0-33) groups. The median ICH volume was
also smaller in the NOAC group (8 mL, range 1-20) com-
pared to the warfarin (9 mL, range 1-123 mL) and non-
coagulopathic (14 mL, range 1-112 mL) groups.
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Table 1 Pertinent demographics, medications, laboratory findings, ICH location and etiology, hospital and discharge outcomes

Case Age NOAC NIHSS at ICH location ICH Etiology of Hematoma Time to Time to Time from FEIBA 3-
admission volume ICH expansion FEIBA from  FEIBA from ICH onset complications® month
(mL) last NOAC ICH onset  to CT mRS
dose (hours) (hours) (hours)
1 49  Rivaroxaban 2 Lobar 6 Stroke with No 13 10 8 No 0
(occipital) hemorrhagic
conversion
2 81 Rivaroxaban 2 Lobar 6 Cerebral No 29 20 19 No 1
(parietal) Amyloid
Angiopathy
3 81 Rivaroxaban 14 Basal 8 Hypertension No 10 4.5 1 No 6
ganglia
4 83  Apixaban 0 Cerebellar 1.5 Cavernous No 13 6 2 No 1
malformation
5 69  Dabigatran 2 Lobar 20 Coagulopathy ~ No 12 8 8 No 1
(Parietal)

NOAC Novel oral anticoagulant, /CH intracerebral hemorrhage, FEIBA Factor eight inhibitor bypassing activity, mRS modified Rankin Scale

# Included thrombotic and hemorrhagic events

Five patients (3 rivaroxaban, 1 apixaban, and 1 dabiga-
tran) presented within 48 h of the last NOAC dose and
received FEIBA within a median of 13 h (range 10-29 h)
from the last NOAC dose, and 8 h (range 4.5-20) from the
last known well time. No patient had renal or liver insuffi-
ciency that would prolong NOAC clearance. The indication
for NOAC use in all patients was atrial fibrillation, and the
median CHADS2—-Vasc score was four (range 2-5). The
median time from last known well to the first head CT was
8 h (range 1-19 h). Pertinent demographics, medications,
laboratory findings, ICH location and etiology, hospital and
discharge outcomes are listed in Table 1.

Case 1 is a 49-year-old man with a past medical history
of coronary artery disease, diabetes mellitus, hypertension,
refractory atrial fibrillation (CHADS2-Vasc score 2), and
cardiac ablation complicated by pulmonary vein stenosis.
He presented initially for cardiac catheterization and dila-
tion of a pulmonary vein. He was taking rivaroxaban
20 mg daily and aspirin 81 mg daily prior to admission.
Post procedure, the patient complained of a mild headache
and right homonymous hemianopia. His pre-morbid mRS
was 0, initial NIHSS was 2, ICH score was 0, INR 1.2, and
platelet count was 235 x 10%/uL. The time from last
known well to the first CT brain was 8 h. A CT scan of the
brain without contrast revealed a 6 mL left occipital ICH
without intraventricular hemorrhage (Fig. 1(1a)). He
received FEIBA 50 u/kg (3210 units) 13 h from his last
dose of rivaroxaban, and 10 h from his last known well
time. His follow-up head CT without contrast showed no
expansion of the ICH (Fig. 1(1b)). His hospital course was
uneventful and he was discharged home with a follow-up
3-month mRS of 0.

Case 2 is an 81-year-old woman with hypertension, a
remote history of non-Hodgkin’s lymphoma for which she

received chemotherapy and radiation, and atrial fibrillation
(CHADS2-Vasc score of 4). She presented with confusion
and headache and was taking rivaroxaban 20 mg once a
day. Her pre-morbid mRS was 0, initial NIHSS was 2, ICH
score was 1, INR 1.1, and platelet count 225 x 103/uL.
The time from last known well to the first CT brain was
19 h. CT scan of the brain without contrast showed a
10 mL left parietal ICH (Fig. 1(2a)). She received FEIBA
50 u/kg (4355 units) 29 h from her last dose of rivaroxa-
ban, 20 h from her last known well time. Follow-up head
CT scan without contrast showed no expansion of the ICH
(Fig. 1(2b)). Her hospital course was uneventful and she
was discharged to a skilled nursing facility for physical
therapy. Her 3-month mRS was 1.

Case 3 is an 8l-year-old man with hypertension,
Parkinson’s disease, previous stroke, renal cell carcinoma
status post nephrectomy, prostate cancer status post
prostatectomy, and atrial fibrillation (CHADS2-Vasc score
of 5). He presented with right hemiparesis and confusion
on rivaroxaban (20 mg daily) and aspirin (81 mg daily).
His pre-morbid mRS was three, initial NIHSS was 14, ICH
score was 1, INR 1.3, and platelet count 209 x 103/uL.
The time from last known well to the first CT brain was 1 h
CT scan of the brain without contrast showed an 8§ mL left
basal ganglia ICH without intraventricular extension
(Fig. 1(3a)). The time from last known well to the first CT
brain was 1 h He received FEIBA 50 u/kg (4245 units)
,10 h from his last dose of rivaroxaban, and 4.5 h from his
last known well time and 1 pool of platelets. The initial
rivaroxaban assay was elevated at 3.03 (nor-
mal < 0.10 IU/mL) 2 h after the FEIBA infusion. Due to
risk of rebleed and after consultation with the hematology
team, an additional 25 u/kg dose (2064 units) was given
6 h later. The follow-up rivaroxaban assay was 0.21 IU/mL
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Fig. 1 Initial a and 6 h stability brain CT scan b for cases 1-5.
Differences in the scan slices are due to variable gantry alignment
with portable versus non-portable CT scanners

3 h after the second infusion. Repeat CT scan of the brain
without contrast showed no expansion of the ICH
(Fig. 1(3b)). There were no hemorrhagic or thrombotic
complications during his hospitalization, and the patient
was discharged to a skilled nursing facility. His 3-month
mRS was six.
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Case 4 is an 81-year-old woman with hypertension and
atrial fibrillation (CHADS2-Vasc score of 4). She pre-
sented with sudden onset of dizziness and gait instability
on apixaban 2.5 mg twice a day and aspirin 81 mg once a
day. Her pre-morbid mRS was 0, initial NIHSS was 0, ICH
score was 2, INR 1.0, and platelet count 255 x 103/uL.
The time from last known well to the first CT brain was
2 h. CT of the brain without contrast showed a 1.5 mL
right cerebellar hemorrhage (Fig. 1(4a)). She received
FEIBA 50 u/kg (3174 units) 13 h from her last dose of
apixaban, 6 h from her last known well time. Her follow-
up CT scan of the brain without contrast showed no
expansion of the ICH (Fig. 1(4b)), and her hospital course
was uneventful. She was discharged home and her 3-month
mRS was 1.

Case 5 is a 69-year-old man with hypertension, hyper-
lipidemia, coronary artery disease status post coronary
artery bypass grafting, ventricular fibrillation arrest with an
implantable cardioverter defibrillator, and paroxysmal
atrial fibrillation status post prior ablation (CHADS2-Vasc
score of 3). He presented with sudden onset headache and
right homonymous hemianopia on dabigatran 150 mg
twice a day and aspirin 81 mg daily. His pre-morbid mRS
was 0, initial NIHSS was 2, ICH score was 0, INR 1.2, and
platelet count 198 x 10*/uL. His CT scan of the brain
without contrast showed a 20 mL left occipital hemorrhage
(Fig. 1(5a)) The time from last known well to the first CT
brain was 8 h. He received FEIBA 50 u/kg (4500 units)
12 h from his last dabigatran dose, 8 h from his last known
well time. Follow-up CT scan of the brain without contrast
showed no expansion of the ICH (Fig. 1(5b)). He was
discharged home and his 3-month mRS was 1.

None of the patients who received FEIBA had ICH
expansion on follow-up head CT, hemorrhagic, or throm-
botic complications. At 3-month follow-up, the median
mRS was 1 (range 0-6) in FEIBA-treated NOAC patients,
versus mRS 4 (range 0-6) in non-coagulopathic patients,
and mRS 4 (range 0-6) in warfarin-associated ICH
patients.

Discussion

To our knowledge, this is one of the first case series of
patients with NOAC-related ICH who were treated with
FEIBA to reverse drug-induced coagulopathy. Overall,
5 % of our cohort had NOAC-associated ICH. It should be
noted, however, that four of five patients were taking
aspirin in addition to a NOAC, which may increase the risk
of ICH. We found no radiographic ICH expansion fol-
lowing FEIBA, and no thrombotic or hemorrhagic
complications. NOAC-associated ICH tended to be less
severe (as measured by admission NIHSS and ICH
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volume) than VKA-associated or non-coagulopathic ICH.
This is likely by chance, given the small number of NOAC-
associated hemorrhages in this series, but merits further
evaluation in larger multicentered studies. The evidence to
date on FEIBA reversal for NOAC-associated ICH is based
on case reports (involving a variety of types of hemor-
rhages), healthy volunteers, and animal studies.

A case series of four patients on dabigatran treated with
FEIBA included patients with life-threatening subdural
hematoma, iatrogenic pericardial effusion, upper gastroin-
testinal bleeding, and basal ganglia ICH. In the ICH case,
FEIBA was given 17 h after the last dose of dabigatran and
hematoma size was noted to increase by 11.4 mL on fol-
low-up head CT three days after onset [12]. The
Northwestern Emergency Medicine Residency group [19]
also reported the use of FEIBA in two cases of NOAC-
related life-threatening hemorrhage. One patient with atrial
fibrillation and a subdural hematoma received FEIBA to
reverse dabigatran and had no interval progression of the
subdural hematoma on repeat CT scan. The second patient
with atrial fibrillation on rivaroxaban was found to have a
retroperitoneal hemorrhage with a ruptured iliac artery
aneurysm. This patient received FEIBA prior to open repair
surgery along with multiple units of platelets and cryo-
precipitate. The patient had no complications and resumed
rivaroxaban on hospital day 10. An additional case report
describes a patient with traumatic subdural hematoma on
rivaroxaban, for which FEIBA was used prior to drainage.
The surgery was uncomplicated, with no reported bleeding
events [20]. Other case reports describe the successful use
of FEIBA in reversing coagulopathy associated with
dabigatran and include cases of iatrogenic pericardial
effusion following ablation [15], urgent percutaneous
trans-hepatic drainage of a gallbladder empyema [13], and
emergent surgery for an incarcerated femoral hernia [14].

Apart from case reports, other studies have examined
the ability of FEIBA to reverse laboratory markers of
NOAC-induced coagulopathy. An ex vivo study [10] ran-
domized ten healthy, white, male subjects to receive either
rivaroxaban or dabigatran and then receive the other anti-
coagulant after a 15-day washout period. Prothrombin
complex concentrate (PCC), Recombinant activated Factor
VII (rfVIIa), or FEIBA were used for reversal of antico-
agulation. Endogenous thrombin potential, maximum
concentration of thrombin, thrombin lag time, and time to
reach the maximum concentration of thrombin were mea-
sured. The authors found that low doses FEIBA appeared
to correct coagulation abnormalities associated with both
dabigatran and rivaroxaban, while PCC and rfVIla led to
incomplete correction. Higher doses of FEIBA and PCC
led to overcorrection, which could place patients at risk of
thrombosis. An in vitro study of the effects of FEIBA,
PCC, and rVIIa on healthy volunteer blood spiked with

dabigatran found that FEIBA considerably shortened the
clotting time compared to rFVIIa or PCC [21]. Similarly,
FEIBA has been shown to reverse thrombin generation
parameters in the plasma of eight healthy volunteers
exposed to dabigatran [22]. Another in vitro study exam-
ined changes in the PT, thrombin generation assay and
clotting time (CT) in rivaroxaban-exposed healthy subjects
treated with FEIBA, PCC, or rFVIla [11]. All three agents
were at least partially effective in reversing laboratory
parameters of coagulopathy. Recombinant fVIIa and
FEIBA were more effective in reversing the PT, clotting
time and lag time of thrombin generation compared to
PCC. Both FEIBA and PCC reversed endogenous thrombin
potential abnormalties in a concentration-dependent fash-
ion, while rFVIIa led to only partial correction. Overall,
this study suggests that FEIBA may more effectively
reverse rivaroxaban-induced laboratory abnormalities
compared to PCC or rFVIla.

While FEIBA may ameliorate the anticoagulant effects
of NOAG, it does not directly inhibit the drug. Although
one of our cases received a repeated dose of FEIBA fol-
lowing an elevated rivaroxaban assay, it should be noted
that FEIBA is not expected to change assay levels, though
hemostasis may be improved. Rather, chromogenic Xa
assay levels decline as the drug is metabolized and cleared.
Depending on the half-life of the drug, or in the context of
renal failure where drug clearance may be prolonged,
FEIBA redosing may be required since the half-life of
some components of FEIBA is short (i.e., Factor VII has a
half-life of 4-6 h) and rebound coagulopathy could occur.
However, FEIBA can cause dose-dependent complications
such as thrombotic events (myocardial infarction, pul-
monary embolus, disseminated intravascular coagulopathy/
consumption; 4-8 events per 100,000 infusions) [23].
Although the thrombotic risks of FEIBA appear to be low,
it should be noted that most of the safety data for FEIBA
were conducted in young hemophiliac patients, who may
not have the same vascular risk factors as an ICH popu-
lation. Therefore, the thrombotic risks may be higher than
reported. There are other uncommon side effects of FEIBA
that bear mentioning. First, because FEIBA contains
residual FVIII antigen, it can provoke an immunological
response leading to increased factor VIII inhibitor titers in
some patients (anamnesis) [23, 24]. However, these
increases in inhibitor titers do not seem to impact
hemostasis achieved with FEIBA [23]. Additionally, as
with any plasma derived transfusion product, FEIBA
administration carries a small risk of infection. However,
the two step vapor heating viral inactivation process miti-
gates this risk without affecting FEIBA’s efficacy. There
have been no reports of HIV or hepatitis transmission
definitively linked to FEIBA since the introduction of
vapor-heated viral inactivation in 1985 [23]. Because
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FEIBA is a plasma derived product, it may not be
acceptable for use by Jehovah’s witnesses. Rare allergic
reactions to FEIBA have been reported [23].

In October 2015 the FDA approved the first specific
antidote for dabigatran. Idarucizumab (Praxbind®) is a
monoclonal antibody that binds with very high affinity to
dabigatran and thrombin-bound dabigatran, neutralizing its
activity. It has been shown to produce immediate and com-
plete reversal of the anticoagulant effects of dabigatran
without thrombotic complications in healthy volunteers with
mild to moderate renal impairment [25, 26]. In a study [27] of
dabigatran-treated patients with either serious life-threaten-
ing bleeding or the requirement for an urgent procedure,
Idarucizumab administration led to near complete normal-
ization of the dilute thrombin time and ecarin clotting time in
89 % of patients within4 h of dosing and lowered dabigatran
drug levels for up to 24 h. Thirty-three out of thirty-six
(92 %) patients requiring urgent procedures on dabigatran
achieved normal intraoperative hemostasis. Five of ninety
patients developed thrombotic complications including deep
vein thrombosis, pulmonary embolus, left atrial thrombus,
myocardial infarction, and ischemic stroke.

Andexanet alfa (Annexa/PRT064445) is another specific
antidote under development. It is an inactive recombinant
protein that is similar in structure to Factor Xa and binds
with high affinity to Factor Xa inhibitors and heparin
activated antithrombin. Previous studies have demonstrated
its ability to reduce bleeding in animal models [28] and
reverse coagulopathy (anti-Xa activity level) in phases I
and II human volunteer studies [29]. It is currently being
evaluated as part of a phase Il study in bleeding patients
and patients requiring urgent procedures treated with Fac-
tor Xa inhibitors (NCT02329327) [30].

Another promising agent, PER977 (Aripazine/Cira-
parantag), is a small synthetic molecule designed originally
to reverse heparin and fondaparinux effects. It also has
activity against oral direct factor Xa inhibitors. Studies
have shown reversal of anti-Xa effect in human blood and
rat plasma spiked with dabigatran, rivaroxaban, and apix-
aban, along with reduction of bleeding to baseline
parameters [31]. Other studies demonstrated improved
coagulation parameters (PT and aPTT) and thromboelas-
tography measures of coagulation in a rat model exposed to
rivaroxaban, edoxaban, dabigatran, or apixaban [32].
Complete reversal of edoxaban-induced prolongation of
whole blood clotting time was achieved after a single dose
of aripazine in an in vivo human study [33].

Our case series has the limitation of being small and
observational, largely because NOAC-related ICH is rare.
Further multicenter studies are needed to verify the efficacy
of FEIBA in preventing hematoma expansion and
improving functional outcome. It is likely, however, that
specific antidotes to NOAC will be favored over FEIBA
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when they become available. Until then, FEIBA appears to
be a reasonable reversal agent for patients with NOAC-
related ICH.
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