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Abstract Anticoagulant therapies are increasingly being used
for the treatment and prevention of thromboembolic diseases.
A growing incidence of anticoagulant-associated intracranial
hemorrhage (AICH) has accompanied the rise in their use.
Although the rate of intracerebral hemorrhage (ICH) in pa-
tients receiving anticoagulation therapies such as heparin and
target-specific oral anticoagulants (TSOAs) is significantly
lower than that of vitamin K antagonists (VKAs), the mortal-
ity rate remains high. TSOAs have only recently become
available for use in clinical practice, and presently, there is a
paucity of both clinical data and evidence-based guidelines to
assist in the management of TSOA-associated intracerebral
hemorrhage. In this article, we review current literature and
provide physicians with diagnostic and therapeutic consider-
ations for the management of AICH.
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Introduction

Anticoagulants are increasingly being used for the prevention
and treatment of thromboembolic disorders. At present, it is
estimated that close to four million individuals within the
USA receives oral anticoagulant therapy for thromboembolic
indications with greater than 31 million prescriptions written

annually for vitamin K antagonist (VKA) alone [1, 2]. The
number of patients receiving anticoagulants is expected to
more than double by the year 2050, corresponding with an
aging population and increasing indications for their use [3].
A common and serious complication associated with antico-
agulants is bleeding, with cases of anticoagulant-associated
intracerebral hemorrhage (AICH) having the greatest degree
of morbidity and mortality (up to 67 %) [4]. Patients receiving
anticoagulants not only have an increased (seven- to tenfold)
risk of intracerebral hemorrhage (ICH) but also greater ICH
severity and mortality relative to aged-matched and non-
anticoagulated cohorts [4, 5]. As the use of anticoagulants
has risen over time so too has the incidence of AICH with one
population-based study demonstrating a fivefold increase in
ICH over a 10-year period, coinciding with a fourfold increase
in VKA use [6].

VKAs have served as the mainstay of oral anticoagulant
therapy in the treatment and prevention of thromboembolic
disease for over six decades. Novel target-specific oral anti-
coagulants (TSOAs) have only recently become available for
various indications. As a consequence, most studies evaluat-
ing the management and outcomes of patients presenting with
AICH involve those treated with VKAs.

Hematoma expansion in patients with ICH correlates with
both poor functional outcomes and increased mortality [7].
However, when compared to non-anticoagulated patients,
those patients receiving VKAs are found to develop larger
hematoma volumes and have a greater frequency of ventricu-
lar extension and an overall higher rate of mortality [8, 9]. The
intensity of VKA anticoagulation is also of consequence, with
larger baseline hematoma volumes seen with an international
normalized ratio (INR) >3 [10]. Moreover, AICH patients
demonstrate worse patient outcomes with a delayed correction
in coagulopathy; therefore, timely (<2 h) and complete rever-
sal of coagulopathy (INR ≤1.4) is often considered as the
mainstay of managing AICH [11, 12].
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Presently, there are no randomized controlled trials avail-
able to guide treatment of AICH. Therefore, the clinical man-
agement of AICH is largely founded on an expert opinion, an
empiric evidence, animal studies, and a limited number of
case reports often using surrogate markers of hemostasis such
as INR [13]. Themanagement of every patient presentingwith
AICH involves the discontinuation of the anticoagulant, ad-
ministration of available hemostatic agents to counteract the
anticoagulant effect, and the continuous clinical and laborato-
ry monitoring of hemostasis.

Anticoagulant Pharmacology

The pharmacokinetic properties of anticoagulants are summa-
rized in Table 1.

Vitamin K Antagonists

Although clinically very effective, VKAs exhibit considerable
variability in their anticoagulant effects, influenced by a num-
ber of factors including diet, concomitant medications, and
genetic composition. This variability can lead to difficulty in
maintaining patients within a narrow therapeutic range
(thromboembolic prophylaxis, INR 2.0–3.0; mechanical heart
valve, INR 2.5–3.5) [14•]. The incidence of bleeding with
supra-therapeutic INR (ST-INR) is high with a substantial risk
of ICH with an INR of ≥4 [15]. Nonetheless, the majority of
VKA-associated ICH occur with INR values within the ther-
apeutic range with an overall ICH incidence of 0.03 to 3.7 %
annually [16••, 17].

VKAs predominantly inhibit the C1 subunit of vitamin K
epoxide reductase (VKORC1), a hepatic enzyme necessary
for the generation of vitamin K hydroquinone, a cofactor
required for the carboxylation of glutamate residues found
on vitamin K-dependent clotting factors (VKDFs) II, VII,
IX, and X and anticoagulant proteins C and S. Ultimately, this
leads to under-carboxylation of factors secreted by the liver
and reduction in their biologic activity (VKDF activity 30–
15 % corresponding to INR 2–3, respectively) [18].

Target-Specific Oral Anticoagulants

TSOAs are being prescribed with increasing frequency be-
cause of their predictable pharmacokinetics and convenience,
afforded by the elimination of routine monitoring. According
to a recent meta-analysis involving major randomized trials,
TSOAs demonstrate a greater than 50 % (OR 0.49; 95 % CI
0.36–0.65) reduction in the incidence of ICH relative to pa-
tients receiving VKAs for non-valvular atrial fibrillation [19•].
Although representing a significant decrease in the rate of
ICH, the incidence in patients taking TSOAs for atrial T
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fibrillation (AF) is still substantial with clinical trials demon-
strating that annually, 0.2 to 0.5 % develop AICH [20].

Dabigatran

After oral administration, the prodrug dabigatran etexilate
(Pradaxa; Boehringer Ingelheim, Ingelheim am Rhein,
Germany) undergoes absorption and rapid transformation by
esterase within the gastrointestinal mucosa, liver, and plasma
to its active form, dabigatran (6–9 % of the original drug).
Peak plasma concentrations occur within 1 to 3 h. Dabigatran
exerts its anticoagulant effects through directly binding to
active sites of both clot-bound and free thrombin, inhibiting
the conversion of fibrinogen to fibrin and thrombin-mediated
platelet activation. Approximately 85 % of dabigatran is elim-
inated by the kidneys with a half-life of 12 to 17 h in patients
with normal renal function [21•].

Rivaroxaban

Following administration, rivaroxaban (Xarelto; Janssen
Pharmaceuticals, Beerse, Belgium) undergoes rapid absorp-
tion with peak plasma concentrations occurring in 2.5 to 4 h.
Anticoagulation with rivaroxaban occurs through the inhibi-
tion of activated factor X (FXa). The kidneys eliminate 66 %
of rivaroxaban with the remaining 33 % undergoing hepatic
metabolism and excretion in the feces with a half-life of 9 to
13 h in patients with normal renal function [21•].

Apixaban

Apixaban (Eliquis, Pfizer and Bristol-Meyers Squibb, New
York, NY, USA) like rivaroxaban selectively inhibits FXa. It
achieves peak plasma concentrations in 1 to 3 h following
administration and demonstrates a half-life of 8 to 15 h. Of the
three TSOAs, apixaban exhibits the smallest degree of renal
excretion at 25 % with the remaining 75 % being excreted in
the feces [21•].

Heparins

Heparins are the most commonly used parenteral anticoagu-
lants within the hospital setting. The use of heparin may
increase the risk of major bleeding up to 2 %, corresponding
with the patient’s concurrent medications, underlying diseases
(especially compromised renal function), and the intensity of
anticoagulation [22].

Unfractionated Heparin

Unfractionated heparin (UFH) is a heterogeneous mixture of
sulfated glycosaminoglycans. The lengths of UFH polymers
vary, with molecular weights ranging from 5000 to 30,000 Da

(mean 15,000 Da). UFH exerts its anticoagulant effects
through a unique pentasaccharide chain that binds to anti-
thrombin (AT), potentiating the inhibition of thrombin (FIIa)
and, to a lesser extent, factor Xa [23]. UFH has an immediate
onset of action following IV injection. At low doses (25 units/
kg), UFH undergoes rapid, zero-order metabolism by the
reticuloendothelial system, resulting in a half-life of 30 min.
This zero-order mechanism is saturable, and at high doses
(400 units/kg), UFH undergoes slower, first-order clearance
by the kidneys, with a half-life of 150 min [24].

Low Molecular Weight Heparin

Low molecular weight heparin (LMWH) is derived from the
chemical or enzymatic depolymerization of UFH, yielding
polymers ranging from 2000 to 5000 Da that predominately
inhibit factor Xa activity [23]. Following subcutaneous injec-
tion, peak plasma concentrations are seen at 3 to 5 h with a
half-life of 4.5 to 7 h. LMWH is excreted entirely by the
kidneys [24].

Effects of Anticoagulants on Laboratory Tests

Vitamin K Antagonists

The anticoagulant effects of VKAs are monitored by the INR.
The INR value is derived from the patients’measured prothrom-
bin time (PT) (INR=(PTmeasured/PTmean)

International sensitivity index).
This calculated value corrects for variations in the sensitivities of
thromboplastins toward VKDF levels in various PT reagents.
However, the utility of this value is limited in patients with ST-
INRs. A study correlating INR values with VKDF levels illus-
trated that INR values >5 demonstrate a poor linear relationship
with concentrations of VKDF (II, VII, X) [25]. Thus, in accor-
dance with the American College of Chest Physicians (AACP)
guidelines, clinical considerations should ultimately dictate the
management of patients with AICH as opposed to INR values
[14•].

Target-Specific Oral Anticoagulants

Although TSOAs do not require monitoring in routine clinical
practice, the laboratory measurements of their anticoagulant
effects may prove useful in certain clinical situations including
patients presenting with TAICH. The majority of data evalu-
ating the effects of TSOAs on laboratory tests are from studies
using plasma from either human volunteers or animals spiked
with TSOAs or plasma from volunteers receiving TSOAs.

Curr Neurol Neurosci Rep (2015) 15:504 Page 3 of 10, 504



Qualitative Assays

Dabigatran demonstrates a curvilinear dose-response with
activated partial thromboplastin time (APTT). As concentra-
tions of dabigatran increase, APTT values plateau [21•]. This
relationship makes APTT unsuitable for quantifying
dabigatran concentrations. Therapeutic concentrations of
dabigatran will typically prolong APTT. However, studies
have shown that patients receiving dabigatran at doses of
150 mg twice daily can demonstrate APTT values within
normal limits [26]. Therefore, each laboratory should evaluate
the sensitivity of its own APTT reagent toward dabigatran.
The thrombin time (TT) is exceedingly sensitive to
dabigatran; therefore, a normal TT may be used to rule out
the presence of therapeutic levels of dabigatran [27•, 28].

Therapeutic concentrations of rivaroxaban will typically
prolong PT. However, PT clotting times are influenced by
the sensitivity of reagents used with some reagents demon-
strating a normal PT in the ex vivo samples from patients with
therapeutic concentrations of rivaroxaban [29]. Therefore,
each laboratory should evaluate the sensitivity of its PT re-
agent toward rivaroxaban. Alternatively, a recent study eval-
uating thrombelastography (TEG) in patients receiving
rivaroxaban for ischemic stroke was predictive of its antico-
agulant effects with variables drawn at 2, 4, and 6 h demon-
strating slowed clot formation (prolonged R time and k time;
reduced α angle) and lower clot strength (reduced G and
maximum amplitude) [30•].

Both the PT and APTT have limited sensitivity to plasma
concentrations of apixaban, and accordingly, they should not
be used for the qualitative assessment of apixaban [27•].
However, a new rotational thromboelastometry (ROTEM)
modification, low tissue factor ROTEM, has demonstrated a
dose-dependent relationship with a wide range of both
apixaban and rivaroxaban drug concentrations (50–400 ng/
mL) and may prove useful in the qualitative testing of AICH
[31•].

Quantitative Assays

According to published guidelines, the tests deemed appro-
priate for quantifying dabigatran plasma concentrations in-
clude the chromogenic anti-IIa, dilute thrombin time, and
ecarin clotting time (ECT) [27•]. Depending on the method-
ology used, thrombin-based assays will be influenced by
samples containing heparin. Likewise, ECT is affected by
plasma concentrations of prothrombin.

Guidelines recommend the use of chromogenic anti-Xa
assays for quantifying plasma concentrations of rivaroxaban
and apixaban because they have demonstrated greater sensi-
tivity and specificity relative to routine tests (i.e., PT, APTT)
[27•].

Heparin

Stemming from the tendency of larger polymers of UFH to
bind to plasma proteins (acute-phase reactants vonWillebrand
factor or fibrinogen) and activated cells (platelets and endo-
thelium), a given patient’s anticoagulant response to UFH is
exceedingly variable. Other contributing factors include the
fact that UFH clearance and activity are dependent upon the
size of heparin polymers. Larger polymers are cleared first
leading to reduced inhibition of thrombin [23]. Consequently,
patients receiving UFH therapy require frequent APTT mea-
surements. The heparin sensitivity of APTT reagents demon-
strates significant variability; therefore, each laboratory must
establish its therapeutic range. The chromogenic anti-Xa ac-
tivity is more reliable than APTT for assessing anticoagulant
effects of UFH (therapeutic range 0.3–0.7 U/mL).

LMWH exhibits less binding to plasma proteins and cells
relative to unfractionated heparin, leading to greater predict-
ability in the anticoagulant response, and ultimately eliminates
the need for routine monitoring. LMWH predominately in-
hibits the activity of FXa, and consequently, the PTT remains
mostly unaffected by therapeutic doses. LMWH anticoagulant
activity is measured by chromogenic anti-Xa assay (therapeu-
tic range 0.5–1.0 U/mL).

Anticoagulant Reversal

Anticoagulant reversal strategies are summarized in Table 2.

Vitamin K Antagonists

VKA therapy produces a deficit in the concentrations of
functioning VKDFs. Reversal strategies involve the replen-
ishment of VKDFs to normalize hemostasis and avert hema-
toma expansion. Treatment options include vitamin K, plas-
ma, and prothrombin complex concentrate (PCC).

Vitamin K

The immediate infusion of coagulation factor-containing
products (PCC or plasma) leads to the rapid replacement of
VKDFs. However, the correction in functional factors is only
transient due to the short half-life of FVII (6 h) and other
coagulation factors (36–48 h) relative to VKAs (20–60 h).
Sustained reversal of VKAs requires the use of vitamin K1

(phytonadione). Vitamin K is available in subcutaneous (SC),
oral, and intravenous (IV) formulations. The IVadministration
of vitamin K is more rapid and demonstrates a greater consis-
tency in reversing anticoagulation (effect seen within 2–4 h)
relative to both SC and oral forms (>12 h) [32, 33].
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Accordingly, IV administration is the preferred route for re-
versing the coagulopathy of AICH.

Current AACP guidelines recommend rapid administration
of PCC along with concomitant slow (over 30 min) IV infu-
sion of 5–10 mg of IV vitamin K for AICH [14•]. A threefold
reduction in the 7-day mortality of AICH patients has been
demonstrated when both PCC and vitamin K are given within
8 h of presentation [34••].

Although correction typically occurs prior to 24 h, the INR
should be reevaluated before this time with consideration of
the second administration of IV vitamin K for consistently
prolonged INR values.

Plasma

Plasma is derived from whole blood or plasma collected by
apheresis techniques and frozen at −18 °C within 8 h to label
as fresh-frozen plasma or within 24 h to label as frozen plasma
24. On average, 1 unit of plasma contains a little less than
1 IU/mL of each clotting factor. Thus, the transfusion of
plasma can reverse anticoagulation through replenishment of
all VKDFs.

Prior to transfusion, plasma must be matched for ABO
blood type and frozen units must be thawed at 30–37 °C, a
process that may take up to 30 min. These thawed units are
then issued, transported, and transfused at varying rates. The
necessary steps required to prepare and ultimately infuse
plasma are time consuming and represent a considerable delay
in treatment. Evidence suggests that an incomplete or delayed
reversal in anticoagulation has significant impacts on the
mortality and the long-term outcomes of patients [11]. One
study evaluating treatment modalities in patients presenting
with VKA-associated ICH demonstrated a 20 % decrease in
the odds ratio of INR reversal within the first 24 h for each 30-
min delay in the first dose of plasma [35].

Recommendations regarding plasma dosage vary. In a
patient with ST-INR of >5 (FII and X <10 %), the rapid
transfusion of 20–30 mL/kg of plasma (assuming factor con-
centrations 1 IU/mL) would be necessary to increase factors
by 30–50 %. In an 80-kg-weight patient, this equates to an
approximate plasma volume of 1600–2400 mL (5–8 units).
These large volumes place patients at risk for transfusion-
associated circulatory overload (TACO), posing problems in
patients with volume limitations secondary to compromised
cardiac or renal function [36]. Moreover, plasma has

Table 2 Hemostatic management of anticoagulant-associated ICH

Anticoagulant Lab investigation Reversal

VKA PT/INR STAT
PT/INR 15–30 min after 4-factor PCC administration

Hold VKA
Vitamin K 10 mg slow IV infusion
INR 2–4, 25 U/kg of 4F-PCC
INR 4–6, 35 U/kg of 4F-PCC
INR >6, 50 U/kg of 4F-PCC

Dabigatran TT and APTT STAT
Drug concentration by anti-IIa or ECT, if available
TTand APTT 15–30 min after 4-factor PCC administration

Hold dabigatran
• If acute presentation consider orally activated charcoal
• If possible, initiate dialysis
50 U/kg of 4F-PCC

Rivaroxaban PT/INR STAT
Drug concentration by anti-Xa assay, if available
PT/INR 15–30 min after 4-factor PCC administration

Hold rivaroxaban
• If possible, initiate plasma exchange
50 U/kg of 4F-PCC

Apixaban PT/INR STAT
Drug concentration by anti-Xa assay, if available
PT/INR 15–30 min after 4-factor PCC administration

Hold apixaban
50 U/kg of 4F-PCC

UFH APTT STAT
APTT 15 min following protamine administration

Discontinue UFH Infusion
To calculate dose, determine the amount of heparin units administered
in previous 2 h target neutralization of 80 %; 1 mg of protamine
neutralizes, 100 units of heparin; maximum dose of 50 mg protamine

LMWH Anti-Xa assay STAT Hold LMWH
Last enoxaparin dose <8 h ago; slow intravenous infusion; 1 mg
protamine for every 1 mg LMWH (maximum protamine dose of
50 mg)

Last enoxaparin dose 8 to 24 h ago; slow intravenous infusion; 0.5 mg
protamine for every 1 mg LMWH (maximum protamine dose of
50 mg)

PT prothrombin time, INR international normalized ratio, PCC prothrombin complex concentrate, TT thrombin time, APTT activated partial thrombo-
plastin time, UFH unfractionated heparin, LMWH low molecular weight heparin, ECT ecarin clotting time

Curr Neurol Neurosci Rep (2015) 15:504 Page 5 of 10, 504



demonstrated an increased incidence of transfusion-related
acute lung injury (TRALI) in critically ill patients [37].
Plasma also has the potential to transmit infectious diseases
including hepatitis B virus, hepatitis C virus, and HIV.

Despite its shortcomings and the lack of data demonstrat-
ing efficacy of its use in hemorrhagic conditions, plasma is
still widely used within the USA [2].

Prothrombin Complex Concentrate

PCCs are derived from the pooled human plasma in a
manufacturing process involving both protein purification
and viral inactivation via heat treatment, solvent detergent
treatment, or nanofiltration. All manufactured formulations
contain varying concentrations of factors II, VII, IX, and X.
There are two types of PCCs, activated and nonactivated.
Activated PCC (aPCC) contain activated factors VII and X
and are used in the treatment of acute bleeding episodes in
hemophilia A or B, who have developed antibodies against
FVIII or IX. Non-activated three-factor PCC contains signif-
icant concentrations of factors II, IX, and X with only minimal
concentrations of factor VII. Nonactivated four-factor PCC
contains significant concentrations of all vitamin K-dependent
factors (II, VII, IX, X, C, and S). A four-factor PCC (4F-PCC;
Kcentra™, CSL Behring, King of Prussia, PA, USA) was
recently licensed by the FDA for urgent VKA reversal in
patients presenting with acute major bleeding or requiring
urgent surgical intervention.

PCC comes as a lyophilized powder that can be
reconstituted and available for infusion within minutes.
Unlike plasma, PCC does not require ABO typing or thawing.
Elimination of these steps represents a significant reduction in
the time to initiation of treatment. In addition, the infusion
volumes of PCC required for anticoagulant reversal are nota-
bly smaller than plasma (median, 99.4 mL 4F-PCC vs.
8135.5 mL plasma) and can be transfused over a shorter
period (median, 17.0 min 4F-PCC vs. 148.0 min plasma)
[16••]. Approximately 10 mL of PCC corresponds with
250 mL of plasma (≅1 unit). This small infusion volume
mitigates concerns for volume overload, especially in patients
with cardiac or renal compromise. Complete and rapid cor-
rection of the INR to <1.5 occurs within 10–130 min follow-
ing administration of PCC [38]. The INR should be
reevaluated 30 min following administration of PCC with
consideration of an additional dose for consistently prolonged
INR values (>1.5) after first excluding low levels of fibrino-
gen as the cause, which may indicate a rare instance of florid-
disseminated intravascular coagulation.

In a recent randomized clinical trial, the hemostatic efficacy
of PCC was demonstrated to be as good as plasma when
utilized for urgent VKA reversal in patients presenting with
major bleeding. Patients receiving PCC also showed rapid
correction of INR and reconstitution of all VKDFs.

Moreover, similar rates of thromboembolic events were ob-
served when comparing four-factor PCC to plasma. However,
patients who received plasma exhibited a higher incidence of
volume overload [16••].

The growing body of evidence evaluating the safety and
efficacy of PCC has led to widespread support for its use as the
standard of care. Underscoring this support are the various
professional organizations that endorse PCC use for patients
requiring urgent VKA reversal [14•, 39–41].

Target-Specific Oral Anticoagulants

The current principles underlying appropriate management of
TAICH are based upon experiences treating patients with
VKA-AICH. At present, it is unknown if hematoma expan-
sion occurs in patients receiving TSOAs who presents with
AICH, although studies evaluating anticoagulation with
dabigatran or rivaroxaban in murine models have shown
greater hematoma expansion relative to non-anticoagulated
mice [42, 43••].

Similar to the management of VKA-AICH, the TSOA in
question should be discontinued immediately. TSOAs have a
much shorter half-lives compared to VKAs, and thus, the
normalization of hemostasis occurs rapidly following their
discontinuation. If possible, appropriate laboratory studies
should be conducted to assess the extent of anticoagulation.

In patients presenting within 2 to 3 h of dabigatran inges-
tion administration of orally activated charcoal may limit
gastrointestinal absorption [44]. In addition, dabigatran is
mostly free in the plasma (65 %), thus making it a suitable
candidate for dialysis especially in patients with significant
renal dysfunction. In patients with end-stage renal disease,
treated with 50 mg of dabigatran, up to 68 % of dabigatran
was removed following 4 h of dialysis [45]. Because
rivaroxaban and apixaban are highly protein bound (65 %),
plasma exchange would be a more appropriate consideration.
The benefits of these extracorporeal therapies are limited by
the constraints of central venous access placement in the
setting of a fully anticoagulated patient.

Hemostatic Agents

Presently, no specific antidotes are available to reverse the
anticoagulant effects of TSOAs. Numerous studies evaluating
the efficacy of nonspecific hemostatic agents have been per-
formed using animal models or non-bleeding, healthy volun-
teers. However, the design and outcomes of these studies are
heterogeneous and difficult to interpret. Currently, there are no
well-designed, high-quality studies to confirm the safety and
efficacy of nonspecific hemostatic agents for reversing the
anticoagulant effects of TSOAs in bleeding patients [46•].
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Prothrombin Complex Concentrate

Nonactivated PCC could serve as a possible treatment modal-
ity used to reverse the anticoagulant effects of TSOAs.
Infusion of PCC provides an excess of factors II and X that
can potentially enhance the generation of thrombin and FXa
and overcome the anticoagulant effects of dabigatran and FXa
inhibitors, respectively [47].

In one in vivo study, mice were given dabigatran (4.5 or
9.0 mg/kg), and ICH was induced by striatal collagenase
injection. Mice that were administered a 4F-PCC (100 U/kg)
demonstrated a reduction in hematoma expansion and mortal-
ity, while recombinant factor VIIa (8.0 mg/kg) failed to reduce
either [42]. In a similar murine model, ICH hematoma expan-
sion was observed following the administration of
rivaroxaban (30 mg/kg). The two highest doses of PCC (50
and 100 U/kg), rFVIIa (1 mg/kg), and plasma were found to
be equal in reducing the extent of hematoma expansion and
the degree of neurologic deficit. Although the lowest dose of
PCC (25 U/kg) did not demonstrate a significant reduction in
hematoma volumes, it was still found to improve neurologic
outcomes [43••].

In patients receiving TSOAs, coagulation tests have shown
a limited value in predicting the incidence of bleeding follow-
ing the use of hemostatic agents [48]. However, human studies
evaluating the effects of PCC on TSOA-induced
anticoagulation are primarily based on these surrogate
markers of hemostasis. In a randomized, double-blinded, pla-
cebo-controlled, phase I study, healthy male volunteers re-
ceived rivaroxaban (20 mg once or twice daily) or dabigatran
(150mg twice daily) followed by treatment with PCC (Cofact,
50 U/kg) or normal saline. In volunteers receiving
rivaroxaban, PCC corrected both the endogenous thrombin
potential (ETP) and the PT. In volunteers receiving
dabigatran, PCC exhibited no correction in the ECT, APTT,
ETP, or TT [49]. In a cohort study, patients receiving
dabigatran (110 mg) complicated by intestinal bleeding were
administered 4F-PCC (15–25 IU/kg) with demonstration of
adequate clinical control in four out of the five patients with-
out significantly affecting INR values (1.8±1.2 to 1.2±0.2) or
the APTT ratio (2.4±1.5 to 1.5±0.6) [50].

Activated Prothrombin Complex Concentrate

aPCC is used to treat bleeding in hemophiliac patients who
have developed inhibitors against FVIII and FIX. Similarly,
direct thrombin (dabigatran) or factor Xa inhibitors
(rivaroxaban or apixaban) can be likened to inhibitors found
in patients with acquired hemophilia. Thus, principles under-
lying the use of aPCC in acquired hemophilia can be applied
to its use in the treatment of TAICH.

In one in vivo study, rats were given high-dose rivaroxaban
(2 mg/kg; 30 times greater than standard human

concentration) followed by incision of mesenteric vessels.
Rats receiving the highest doses of aPCC (100 U/kg), PCC
(50 U/kg), or rFVIIa (400 μg/kg) demonstrated significantly
reduced mesenteric bleeding times. Partial normalization of
PToccurred with aPCC (50 and 100 U/kg), PCC (50 U/kg), or
rFVIIa (400 μg/kg). Complete correction of thrombin-
antithrombin complex (TAT) was seen with the highest dose
of PCC (50 U/kg) with only partial correction using aPCC (50
and 100 U/kg), and no correction demonstrated rFVIIa (100
and 400 μg/kg) [51].

A recent case report describes the use of aPCC (27.5 U/kg)
in a patient presenting with dabigatran-associated intracere-
bral hemorrhage. Following aPCC administration, the patient
exhibited improvement on neurological examination but dem-
onstrated intraventricular hematoma expansions and the
APTT failed to normalize [52].

Recombinant Factor VIIa

Recombinant factor VIIa initiates the formation of thrombin
through the activation of factor X. Much like aPCC, it is
commonly used in hemophiliacs following the development
of inhibitors to ameliorate bleeding episodes. However, based
upon current data, the therapeutic benefit of rFVIIa in revers-
ing TSOA-related anticoagulation is unclear [49].

Selective Reversal Agents

Efforts to develop selective reversal agents are ongoing with
early data from phase 2 clinical trials having generated prom-
ising results. An antibody fragment (Fab) designed to target
and neutralize dabigatran is under development by Boehringer
Ingelheim [53••]. Another candidate reversal agent,
andexanet alfa, is a catalytically inactive analog of FXa,
designed to bind small-molecule FXa inhibitors (rivaroxaban
and apixaban) and reduce their capacity to inactivate endog-
enous factor Xa [54••].

Published data have demonstrated the efficacy of these
specific antidotes within animal models and in vitro settings.
Unfortunately, their safety and efficacy has not yet been
evaluated in bleeding patients.

Heparin

Protamine has been widely used to neutralize the anticoagu-
lant effects of UFH for over 30 years. Protamine sulfate is a
positively charged polypeptide that avidly binds the acidic
polymer of heparin forming an inactive salt that undergoes
rapid clearance by the reticuloendothelial system [55]. Care
must be taken when calculating the dose of protamine sulfate,
due to its inherent anticoagulant properties when given in
excess. Therefore, it is recommended that a dose needed to
neutralize 80 % of the anticipated units of UFH should be
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administered within the previous 2 h (maximum protamine
dose of 50mg). The neutralization of UFH should be followed
by APTT.

Protamine only partially neutralizes the anticoagulant ef-
fects of LMWHwith reports in the return of only 60% of FXa
activity following treatment [56]. If the last dose of enoxaparin
was administered <8 h, wewould recommend 1mg protamine
for every 1 mg LMWH (maximum protamine dose of 50 mg).
If the last enoxaparin dose occurred between 8 and 24 h ago,
we recommend 0.5 mg protamine for every 1 mg LMWH
(maximum protamine dose of 50 mg). The neutralization of
LMWH should be followed by an anti-Xa assay.

Conclusion

The clinical use of anticoagulants in the management of
thromboembolic disorders is increasing. Intracerebral hemor-
rhage remains to be the most feared complication of oral
anticoagulant therapy. Until specific antidotes become avail-
able for TSOAs, we recommend the use of 4F-PCC in all
cases of AICH. This allows for the correction of VKDFs in
VKA-associated ICH and also provides a rapid increase of FII
and X for possible generation of excess IIa and Xa, binding to
direct IIa and Xa inhibitors, respectively.
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