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Patients receiving anticoagulation therapy who present with any type of intracranial hemorrhage—including subdural hematoma, epidural hematoma, subarachnoid hemorrhage, and intracerebral hemorrhage (ICH)—require urgent correction of their coagulopathy to prevent hemorrhage
expansion, limit tissue damage, and facilitate surgical intervention as necessary. The focus of this
review is acute ICH, but the principles of management for anticoagulation-associated ICH (AAICH)
apply to patients with all types of intracranial hemorrhage, whether acute or chronic.
A number of therapies—including fresh frozen plasma (FFP), intravenous vitamin K, activated
and inactivated prothrombin complex concentrates (PCCs), and recombinant activated factor VII
(rFVIIa)—have been used alone or in combination to treat AAICH to reverse anticoagulation, help
achieve hemodynamic stability, limit hematoma expansion, and prepare the patient for possible surgical intervention. However, there is a paucity of high-quality data to direct such therapy. The use of
3-factor PCC (activated and inactivated) and rFVIIa to treat AAICH constitutes off-label use of these
therapies in the United States. However, in April 2013, the US Food and Drug Administration (FDA)
approved Kcentra (a 4-factor PCC) for the urgent reversal of vitamin K antagonist (VKA) anticoagulation in adults with acute major bleeding. Plasma is the only other product approved for this use in
the United States.1 Inconsistent recommendations, significant barriers (e.g., clinician-, therapy-, or
logistics-based barriers), and a lack of approved treatment pathways in some institutions can be potential impediments to timely and evidence-based management of AAICH with available therapies.
Patient assessment, therapy selection, whether to use a reversal or factor repletion agent alone or in
combination with other agents, determination of site-of-care management, eligibility for neurosurgery, and potential hematoma evacuation are the responsibilities of the neurosurgeon, but ultimate
success requires a multidisciplinary approach with consultation from the emergency department (ED)
physician, pharmacist, hematologist, intensivist, neurologist, and, in some cases, the trauma surgeon.
(http://thejns.org/doi/abs/10.3171/2014.8.paradigm)

Abbreviations: AAICH = anticoagulation-associated intracerebral hemorrhage; AF = atrial fibrillation; AHA = American Heart Association;
aPTT = activated partial thromboblastin time; ASA = American Stroke Association; BP = blood pressure; bpm = beats per minute; BT = bleeding
time; CI = confidence index; CT = computed tomography; CYP = cytochrome P450; DVT = deep vein thrombosis; ECT = ecarin clotting time;
ED = emergency department; 4PCC = four-factor prothrombin complex concentrate; FFP = fresh frozen plasma; GCS = Glasgow Coma Scale;
HR = heart rate; ICES = intraoperative computed tomography-guided endoscopic surgery procedure; ICH = intracerebral hemorrhage; INR =
international normalized ratio; IV = intravenous; IVH = intraventricular hemmorhage; MISTIE = Minimally Invasive Surgery plus recombinant
Tissue plasminogen activator for ICH Evaluation procedure; NOAC = novel oral anticoagulant; OAC = oral anticoagulant; PCC = prothrombin
complex concentrate; PE = pulmonary embolism; PHE = perihematomal edema; PT = prothrombin time; PTT = partial thromboplastin time;
rFVIIa = recombinant factor VII; RR = respiratory rate; rt-PA = recombinant tissue plasminogen activator; 3PCC = three-factor prothrombin
complex concentrate; TT = thrombin time; VKA = vitamin K antigen.
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I

ntracerebral hemorrhage (ICH) is a potentially devastating type of stroke with an estimated incidence
between 0.012% and 0.26%.2–5 Mortality at 1 month
following ICH is about 40%, and only 12% to 39% of patients are able to function independently at 12 months.5
Use of anticoagulant therapy increases the risk of developing ICH by 7- to 10-fold, and anticoagulation-associated ICH (AAICH) accounts for up to 19% of all ICH
cases.6,7 The mortality rate due to AAICH is high despite
anticoagulant reversal and factor repletion therapy; it is
as high as 42.3% to 67% even following prothrombin
complex concentrate (PCC) therapy.7–9 The high mortality rates may be driven, at least in part, by hemorrhage
expansion, as AAICH is associated with greater expansion than spontaneous ICH.8 Importantly, mortality due
to AAICH has not improved over the last 20 years,10 indicating that there are barriers to AAICH treatment and
room for improvement.
The use of anticoagulation therapy is increasing, as the
aging population grows and the prevalence of conditions
such as atrial fibrillation that require long-term anticoagulation treatment rises.6 In 2004, there were 31 million
outpatient prescriptions for warfarin in the United States,
a 45% increase over a 6-year period.6 The approval of
the targeted oral anticoagulant (OAC) therapies dabigatran etexilate, rivaroxaban, and apixaban portends both
a wider use of oral anticoagulation and a growing clinical
concern about best practices in AAICH management.11
Both thrombotic events due to discontinuing anticoagulation therapy and bleeding complications due to
not reversing anticoagulation increase morbidity and
mortality in AAICH patients. Thus, an individualized
approach is necessary and should be based on the
individual patient’s medical history, pathophysiology,
risk for thrombosis, and risk of bleeding, as well as the
specific OAC being used. For example, a patient with a
mechanical mitral valve who has an AAICH should be
put back on anticoagulation therapy as soon as clinically possible; a patient 5 months into a 6-month course of
rivaroxaban for deep venous thrombosis (DVT) might
not require reinitiation of anticoagulation after AAICH
treatment. Monitoring the patient, considering the need
for continued anticoagulation and overall bleeding risk,
adjusting the dosage of medication, and ensuring the
patient adheres to the dosing regimen are key elements
2

Learning Objectives
• Appropriately apply evidence-based guidelines and strategies to the management of
patients with warfarin-associated ICH.
• Recognize the barriers to successful management of patients with ICH in the context of anticoagulation-associated coagulopathy.
• Based on risk/benefit analysis of reversal
agents, select appropriate therapies for the
treatment of patients with AAICH.
to ensure patient safety.12 This review aims to provide a
foundation to help clinicians understand the OACs and
current strategies in anticoagulation reversal.
Oral Anticoagulation Therapies
Warfarin

The most widely used oral anticoagulant,13 warfarin is
a racemic mixture of enantiomers of a VKA, with the
S enantiomer the more biologically active component
of the racemic mixture. Warfarin inhibits vitamin K
epoxide reductase (VKORC1), the enzyme required for
the synthesis in the liver of coagulation factors II, VII,
IX, and X, and proteins C and S.13 These factors are
biologically inactive in the absence of vitamin K, and
therefore warfarin use results in the synthesis of coagulation factors II, VII, IX, and X with reduced coagulation
activity (Figure 114). Upon oral administration, warfarin
is rapidly absorbed from the gastrointestinal tract and
reaches its maximal blood concentration at 90 minutes.
Warfarin accumulates in the liver, where it is metabolized primarily by cytochrome P450 (CYP) 2C9 (the S
enantiomer) and CYP1A2 and CYP3A4 (the R enantiomer), resulting in a half-life of 36 to 42 hours.13
Warfarin has a narrow therapeutic index, which is
maintained by adjusting the dose to an international
normalized ratio (INR) of 2.0 to 3.0 for most condiJ Neurosurg / Volume 121 / August, 2014
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Figure 1: Mechanisms of Action of Warfarin14
Warfarin acts by inhibiting the synthesis of vitamin K-dependent clotting factors, which include factors II, VII, IX, and X, and the
anticoagulant proteins C and S. Copyright 2009–2013 Baishideng Publishing Group Co., Limited. All rights reserved.

tions.15 However, warfarin is known to have multiple
food-drug and drug-drug interactions, as well as a
vulnerability to genetic polymorphisms, all of which can
affect the efficacy and consistency of the anticoagulation effect (as measured by INR) and lead to serious
adverse events.16–20

Rhein, Germany)21 and the direct factor Xa inhibitors rivaroxaban (Xarelto®, Janssen Pharmaceuticals,
Inc., Titusville, NJ, USA),22 apixaban (Eliquis®, BristolMyers Squibb, New York, NY, USA),23 and edoxaban
(Lixiana®, Daiichi Sankyo, Tokyo, Japan). An overview
of the characteristics and pharmacology of the various
targeted OACs is given in Table 1.21,24–26

Targeted Oral Anticoagulants

Direct thrombin inhibitors. Dabigatran etexilate is
approved for use in the US to reduce the risk of stroke
and systemic embolism in patients with nonvalvular
atrial fibrillation (AF), for the treatment of DVT and PE
in patients who have been treated with a parenteral
anticoagulant for 5–10 days, and to reduce the risk of
recurrence of DVT and PE in patients who have been
previously treated. Dabigatran directly and reversibly
binds to the active site of thrombin and inactivated
fibrin-bound thrombin, thereby inhibiting its interaction
with its substrates.27 Upon oral administration, dabi-

Given these limitations of warfarin, there has long
been interest in developing OACs that do not require
monitoring, have a wider therapeutic index, and have
a cleaner pharmacologic profile (Figure 221–24). Various
targeted OACs have been approved in recent years
for the prevention of stroke and systemic emboli in
patients with nonvalvular AF and for the prevention
and treatment of venous thromboembolism. These
drugs include the direct thrombin inhibitor dabigatran (Pradaxa®, Boehringer Ingelheim, Ingelheim am
J Neurosurg / Volume 121 / August, 2014
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Figure 2: Novel oral anticoagulant (NOAC) Mechanism of Action21–24
The factor Xa inhibitors, rivaroxaban and apixaban, and the direct thrombin inhibitor, dabigatran etexilate, have different
mechanisms of action. The factor Xa inhibitors serve as competitive reversible antagonists of Xa, which is the active component of the prothrombinase complex that catalyzes the conversion of prothrombin (factor II) to thrombin (factor IIa). The direct
thrombin inhibitor, dabigatran etexilate, is a competitive reversible antagonist of thrombin, which converts fibrinogen to fibrin.

gatran etexilate is converted to its active metabolite,
dabigatran,28,29 and reaches its maximum therapeutic
concentration within 1 to 3 hours. Dabigatran etexilate
requires an acidic environment for absorption; however, its absorption is not affected by gastric pH due to the
drug’s formulation.28 Continuous dosing of dabigatran
etexilate results in a half-life of 12 to 17 hours, with 80%
of unchanged dabigatran etexilate excreted in the urine
and the remaining excreted primarily through bile.28
Patients with significant renal insufficiency should
be prescribed a reduced dose or an alternative OAC
should be considered.30
Unlike VKAs, prothrombin time (PT/INR) is not sensitive to dabigatran’s activity, and patients with considerable dabigatran levels can have normal or near-normal
PT/INR.31 Activated partial thromboplastin time (aPTT)
can be used qualitatively to confirm the presence of
dabigatran if current use is uncertain, but it is relatively
insensitive to the effects of direct thrombin inhibitors
and cannot be used to assess anticoagulation intensity.28 The thrombin time (TT) and ecarin clotting time
(ECT) provide more accurate measures of dabigatran
activity, although the TT tends to be oversensitive and
4

the ECT is neither standardized nor readily available in
the United States.28
Direct factor Xa inhibitors. Factor Xa binds to
activated factor V that is present on activated platelets, forming the prothrombinase complex, which is
important in the conversion of prothrombin to thrombin. Direct factor Xa inhibitors, such as rivaroxaban,
apixaban, and edoxaban, reversibly bind to the active
site of activated factor Xa to ultimately inhibit thrombin
formation.28
Rivaroxaban is approved by the FDA to reduce the risk
of stroke and systemic embolism in patients with nonvalvular AF; for the treatment of DVT and pulmonary
embolism (PE) as well as for the reduction in the risk
of recurrence of DVT and PE; and for the prophylaxis
of DVT, which may lead to PE in patients undergoing
knee or hip replacement surgery.22 Rivaroxaban has
80% to 100% bioavailability at the 10-mg dose and
66% bioavailability at the 20-mg dose, and it reaches
its maximum therapeutic concentration within 2 to 4
hours.28 Most of rivaroxaban is metabolized in the liver
by CYP3A4, CYP2CI, and CYP-independent enzymes,
J Neurosurg / Volume 121 / August, 2014
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Table 1: NOACs: Overview and Pharmacology21,24-26
Apixaban21,24

Dabigatran21,25

Rivaroxaban21,26

Drug class

Direct factor Xa inhibitor

Direct factor IIa inhibitor

Direct factor Xa inhibitor

Bioavailability

50%

3%–7%

80%–100% for 10-mg dose
66% for 20-mg dose

Tmax

1–4 hr

1–3 hr

2–4 hr

CYP metabolism

15%–25% CYP3A4

No

30% CYP3A4, CYP2J2

Renal excretion

25%

80%

36%

Half-life

8–15 hr

12–17 hr

5–9 hr

Dosage form

Tablet

Capsule

Tablet

Dosing frequency

BID

BID

Once daily

Apixaban, dabigatran and rivaroxaban have a rapid onset and short half-life.
Abbreviations: BID = 2 times per day; CYP = cytochrome p450; Tmax= time to maximum concentration.

and 66% of rivaroxaban is excreted through the urine
(50% of which is excreted as unchanged drug) with
the remainder excreted unchanged in the feces.28
The half-life of rivaroxaban is 5 to 9 hours in young,
healthy patients and increases to 11 to 13 hours in
elderly patients due to normal age-associated renal
decline.28 The PT can be used qualitatively to confirm
the presence of rivaroxaban, but it cannot be used to
assess anticoagulation intensity quantitatively and its

sensitivity to rivaroxaban is very reagent dependent.31
A chromogenic, specific anti-Xa assay is available to
quantitatively measure rivaroxaban, but it is not readily
available at most hospitals, nor is it a rapid turnaround
assay.
Apixaban is approved by the FDA for the reduction
of risk of stroke and systemic embolism in nonvalvular AF, and for the prophylaxis of DVT following hip

Table 2: Comparison of pharmacologic properties of NOACs vs. warfarin25,27
Characteristic

NOACs

Warfarin

Advantages
Onset/offset of action

Rapid/shorter (effect declines rapidly if poor adherence = i efficacy)

Slow/long

Dosing

Fixed

Variable

Dietary interactions

No

Yes

Drug interactions

Few

Many

Anticoagulation monitoring

Minimal; challenging to determine adherence vs therapy failure

Yes (INR)

Disadvantages

*

Frequency

Once or twice daily*

Once daily

Clearance

Renal 25%–80%

Nonrenal

Antidote

None

Vitamin K, FFP, PCC

Clinical experience

Minimal

Extensive

Dabigatran and apixaban.
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or knee replacement surgery.23 Apixaban is rapidly
absorbed following oral administration, with a bioavailability of 66%, and reaches its maximum therapeutic
concentration within 1 to 4 hours.28 Apixaban is metabolized by CYP3A4; 25% is excreted through urine and
about 55% is excreted through the feces, resulting in
a half-life of 8 to 15 hours in young, healthy patients.28
Despite being a substrate for CYP3A4, apixaban is
not likely to have significant drug-drug interactions.28 A
modified PTT assay can be used to qualitatively assess
apixaban anticoagulation.31 Similar to rivaroxaban, a
specific anti-Xa assay can measure apixaban levels
quantitatively.
Although warfarin is the most widely used anticoagulant in the world, the approval of the targeted OACs has
expanded the available treatment options, particularly
in the prevention of stroke in nonvalvular AF. Warfarin
has been demonstrated to be effective yet has limitations that are described above. The targeted OACs
have predictable pharmacokinetics and do not require
regular laboratory monitoring; they have minimal fooddrug and drug-drug interactions, a wide therapeutic
index, and rapid onset and offset (Table 225,27).30
However, one of the cited advantages of the targeted
OACs—the absence of a need for routine monitoring—
is also a challenge, particularly in conditions that may
warrant rapid anticoagulation reversal; the ability to
measure the extent of anticoagulation is also helpful.29
In addition, there is extensive clinical experience in the
use of warfarin, whereas there is limited experience
with targeted OACs.
Management of AnticoagulantAssociated Bleeding
The annual incidence of any warfarin-associated major
bleed is 0% to 16%, and the annual incidence of a
warfarin-associated fatal bleed is 0% to 2.9%.26 Although
dabigatran and rivaroxaban do not significantly decrease
the risk of overall bleeding events compared with warfarin, the targeted OACs have a lower risk of AAICH.32,33
Treatment with apixaban appears generally to decrease
the risk of bleeding, including major and serious bleeds,
as well as ICH, compared to warfarin.34 According to the
RE-LY, ROCKET-AF, and ARISTOTLE trials, the risk
6

of developing AAICH is reduced by 60% to 69% with
dabigatran etexilate, 33% with rivaroxaban, and 58%
with apixaban, when compared to warfarin.32–34 Targeted
OACs affect a single factor in the coagulation cascade,
whereas warfarin affects multiple factors, including factor
VII, which when activated by tissue factor is the primary
initiator of the coagulation cascade. The brain is rich in
tissue factor. Warfarin interrupts the interaction between
tissue factor and factor VII, while the targeted OACs
do not. This might provide at least a partial explanation
for the reduction in AAICH seen in clinical trials of the
targeted OACs compared with warfarin.35 In contrast to
VKA reversal, not only are there no specific antidotes for
the targeted OACs, there are also currently no evidencebased reversal strategies.35
The focus of AAICH treatment is prevention of hematoma expansion, which is primarily achieved through
anticoagulation reversal and/or factor repletion, as
hematoma expansion is associated with neurologic
deterioration and poor long-term outcomes. The risk
of expansion of a spontaneous ICH is estimated to be
20% to 40%.16,36,37 Interestingly, most warfarin-associated ICHs occur in the conventional INR range of 2.0 to
3.5,16 although the risk of such an event is presumably
higher when the INR is elevated.

Warfarin Reversal

Presentation of AAICH requires an immediate response,
as one of the most important factors in patient prognosis is time to treatment.38 The VKA should be discontinued and reversal of anticoagulation and repletion
of deficient factors should occur immediately with the
goal of preventing hematoma expansion. Patients who
present with VKA-associated ICH should first receive
2.5 mg to 10 mg of intravenous (IV) vitamin K1 over a
30-minute period. This allows the liver, which may be
depleted of vitamin K1 and its associated coagulation
factors, to synthesize vitamin K-dependent coagulation
factors. This synthesis can take up to 24 hours; therefore, vitamin K1 should be administered with either
fresh frozen plasma (FFP) or PCCs to more quickly
replete coagulation factors.11,38 For FFP, 15 to 30 ml/
kg should be infused over 3 to 6 hours, whereas PCC
is administered at 25 to 100 UI/kg over 10 minutes to
1 hour.11
J Neurosurg / Volume 121 / August, 2014
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Fresh frozen plasma. Although FFP rapidly restores
coagulation factors,11 there are disadvantages to its
use. It requires thawing for approximately 30 minutes at
between 30°C and 37°C, as well as patient blood typing.39 In addition, large volumes of FFP are required,38
which subjects patients to risk of volume overload40
and can cause pulmonary microvascular damage,
potentially requiring ventilation and leading to death.39
For example, an average adult patient weighing 70 kg
will receive about 1050 ml of FFP.40 Patients at risk of
volume overload typically require a slower infusion rate,
which prolongs the time to anticoagulation reversal.38
Infusion with FFP also carries a small risk for viral or
prion transmission, passive alloimmune thrombocytopenia, anaphylactoid reactions, and septicemia.11
Prothrombin complex concentrates. PCCs are
virally inactivated, vitamin K-dependent coagulation
factors prepared from pooled plasma agents that are
lyophilized and designed to be dissolved in saline as
needed.40 Treatment with PCCs is rapid and efficacious, as they replenish key coagulation factors that
are depleted in patients who have been treated with
warfarin. PCCs also have a relatively safe profile and
require a low-volume infusion. The 3-factor PCCs are
administered off label in cases of AAICH, as they are
indicated for the reversal of bleeding in patients with
hemophilia B, at 25 to 100 UI/kg, and infused over 10
min to 1 hr to patients on warfarin with an INR > 2 and
evidence of ICH on a computed tomography (CT) scan.
PCCs have 2 important advantages over FFP: 1) they
can be administered more quickly (thawing and blood
typing are not required), with repletion achieved within
15 minutes; and 2) there is no risk of volume overload.
However, PCCs are more expensive and carry a low
but finite risk of correction thrombosis,40 and the content of the cofactors with each dose may vary.11
The 2 types of PCC include 3-factor PCC (3PCC),
which contains factors II, IX, and X, and 4-factor PCC
(4PCC), which contains factors II, IX, X, and VII.11
Three-factor PCCs have been approved in the United
States to prevent and control bleeding episodes in
adult patients with hemophilia B, but are used off label
to treat AAICH under the trade names Bebulin® VH
(Baxter International, Inc., Amsterdam, Netherlands)
and Profilnine® SD (Grifols, Barcelona, Spain).11 In
J Neurosurg / Volume 121 / August, 2014

a single-center study, 70 patients who required anticoagulation reversal due to warfarin-associated ICH
received a 3PCC and were evaluated for adverse
events.41 The mean INR decreased from 3.36 to 1.96
in 63% of patients and concomitant administration of
FFP did not affect INR correction. However, 10% of
the patients experienced serious adverse events and
2 patients died from suspected PE. The authors concluded that reversal is incomplete with 3PCCs.41
In the United States, the first 4PCC (Kcentra®, CSL
Behring, King of Prussia, PA, USA) was approved in
April 2013 for the reversal of acquired coagulation
factor deficiency induced by vitamin K antagonist
therapy in adult patients, but these PCCs have been
used in Europe and Canada for a number of years.
Although there is a lack of comparison trials, recent
studies suggest that 4PCCs may provide better INR
correction than 3PCCs.42 In a meta-analysis of 18 studies that included 654 patients, treatment of patients
who required urgent reversal because of AAICH, surgery, or invasive procedures with 4PCCs resulted in
more reliable INR reduction than 3PCC therapy.42
The use of 4PCCs in urgent VKA reversal appears to
result in a greater reduction in INR compared to reversal by plasma or FFP. In a phase 3 open-label study,
59 patients with VKA-associated ICH were randomized
to receive 25 or 40 IU/kg of 4PCC.43 In both treatment
arms, the mean INR was significantly decreased at 10
minutes following the infusion, and the mean INR in the
40-IU/kg arm was significantly lower than the mean INR
in the 25-IU/kg arm at 10 minutes (p = 0.001), 1 hour (p
= 0.001), and 3 hours (p = 0.02). In addition, there were
no differences in adverse events, hematoma volume,
or clinical outcomes between the treatment arms.43
The data from this trial suggest that a higher dose of
4PCCs can achieve a lower INR. However, further
studies are required to determine if this translates into
improved clinical outcomes. In an open-label phase 3b
trial, 202 patients receiving VKAs who presented with
major bleeding were randomized to receive 4PCC or
plasma.44 A decrease in INR was achieved in 62.2% of
patients who received the 4PCC compared to 9.6% of
patients who received plasma. In addition, coagulation
factors were greater in the arm that received the 4PCC
beginning at 30 minutes and up to 3 hours following
7
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infusion initiation (p < 0.02). Adverse events and serious adverse events were similar among the treatment
arms.44 The trial results indicate that the 4PCC is superior to plasma in decreasing INR, with a similar safety
profile. In a retrospective study that compared 4PCCs
to FFP in patients receiving warfarin with an INR ≥ 1.5
who required urgent anticoagulation reversal, patients
treated with the 4PCC demonstrated a greater INR
reduction than patients who received FFP.45 In addition,
serious adverse events occurred in 9.7% of patients
who received the 4PCC and 19.5% of patients who
received FFP (p = 0.014).45
Recombinant Factor VIIa. Another agent that has
been used to help manage ICH, including AAICH, is
recombinant factor VIIa (rFVIIa). To help treat AAICH,
this agent is administered off label as a 10- to 90-μg/
kg bolus injection given over 15 minutes. A concern
when using rFVIIa is the potential for a rebound INR
increase and prothrombosis. In the phase 3 FAST trial,
841 patients with spontaneous ICH (excluding patients
treated with OACs) were randomized to receive 20 or
40 μg of rFVIIa or placebo within 4 hours of stroke
onset.46 Although the patients who received 20 or 40
μg of rFVIIa experienced less hematoma expansion
compared to placebo (p = 0.09 and p < 0.001, respectively), clinical outcomes and survival were similar in
all treatment groups.46 The rates of adverse events
were similar among the treatment and placebo groups;
however, significantly more arterial events occurred in
patients who received the higher dose of rFVIIa than
placebo (46% vs 27%; p = 0.04).47 Whether these data
can be used to inform treatment of AAICH is uncertain
since the FAST trial was not conducted in patients with
AAICH. In a retrospective study of 101 patients with
warfarin-associated ICH treated with rFVIIa, the rate
of adverse events was similar to that observed in the
FAST trial: 13 patients (12.9%) developed thromboembolic events within 90 days of rFVIIa infusion.48
Trials in which rFVIIa is compared with other reversal
agents in humans are lacking. However, a comparison study of 4PCC versus rFVIIa conducted in rats
demonstrated that 4PCC therapy had greater efficacy
than rFVIIa.49 Although both agents almost completely
reversed PT/INR, rFVIIa decreased PT/INR and the
4PCC resulted in full normalization. In addition, 4PCC
8

treatment resulted in significantly improved aPTT (p
< 0.01), blood loss (p < 0.01), and bleeding time (p =
0.008), whereas rFVIIa had no significant effect.49
It is important to note that although the standard of care
is to correct INR, with the goal of reversing anticoagulation to limit hemorrhage expansion, the role of INR in
the outcomes of patients with AAICH is unclear. There
is a lack of randomized, controlled data that indicate
that INR normalization reduces hematoma expansion
and decreases mortality.50 A small study of 13 patients
randomized to receive FFP or FFP plus PCC failed to
demonstrate a significant difference in neurological
outcomes, despite a significant improvement in INR in
the FFP plus PCC arm.50 In addition, in the warfarinassociated ICH (WAICH) study, 80% of patients had
INR normalization to <1.5 within 1 hour of treatment
with PCC, yet 47% of the patients still experienced
hematoma expansion with an in-hospital mortality rate
of 44%.9 Therefore, it appears that INR correction alone
is not sufficient to reduce the risk of mortality in many
patients.

Targeted Oral Anticoagulant Reversal

Despite their convenience, efficacy, and lower AAICH
risk, a major limitation of the targeted OACs is that there
is currently no specific antidote for any of the agents.
Furthermore, there are no evidence-based strategies
that can be used to guide treatment of targeted OACassociated ICH. Therefore, current strategies that are
frequently used include discontinuation of the targeted
OAC and removal of the drug from the systemic circulation, if possible.29
Dabigatran etexilate. In addition to discontinuation, treatment of AAICH associated with dabigatran
use may include activated charcoal administration, if
the last dose was taken within the previous 2 hours.51
Dabigatran is a dialyzable drug, and if necessary,
emergency dialysis can be used to reduce the amount
of drug in patients with life-threatening bleeding. 51,52
Theoretically, because dabigatran is a direct thrombin
inhibitor, administration of PCC may overcome thrombin inhibition.51 However, in a randomized, doubleblind, placebo-controlled study of 12 healthy males,
4PCC administration following 2.5 days of dabigatran
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dosing did not restore PTT, ECT, or TT to normal
levels.53 In a murine model of dabigatran-associated
ICH, treatment with FFP or PCC decreased hematoma
expansion, although only PCC was effective at higher
doses of dabigatran.54 In addition, PCC improved functional outcome.54
Rivaroxaban. Since the half-life of rivaroxaban is
so short, stopping the drug is an important measure
to manage cases of AAICH associated with its use.
Although no studies have evaluated its use, activated
charcoal may also be a reasonable therapy in patients
who have recently taken rivaroxaban.31 However, rivaroxaban is highly plasma protein bound and cannot
be dialyzed; therefore, dialysis is not an option.31 In
a randomized, placebo-controlled study of 12 healthy
males who received rivaroxaban for 2.5 days, 4PCC
treatment resulted in rapid and complete reversal of
PTT compared to baseline (p < 0.001).53 Therefore,
4PCC therapy may be a reasonable treatment option
in patients on rivaroxaban therapy who present with
AAICH.
Apixaban. Similar to rivaroxaban, the strategy to
reverse apixaban in AAICH is unclear, since there is
a lack of experimental and clinical data. In addition
to discontinuing apixaban, activated charcoal may be
administered to patients who have taken their last
apixaban dose within the previous 3 hours.55 As with
rivaroxaban, patients who require apixaban reversal
are not candidates for dialysis, since a majority of
apixaban is bound to plasma proteins.55 To date, there
are no human studies of reversal agents in patients
who require rapid apixaban reversal. In a rabbit model
of bleeding, apixaban treatment resulted in increased
blood loss; lengthened bleeding time (BT), prothrombin
time (PT), and clotting time; and decreased thrombin
formation.56 Subsequent treatment with PCC or rFVIIa
helped reduce BT, PT, clotting time, and thrombin formation time; however, only PCC reduced blood loss.56
ICH Guideline Recommendations
The American Heart Association (AHA) and the
American Stroke Association (ASA) jointly published
guidelines for the management of spontaneous ICH,57
J Neurosurg / Volume 121 / August, 2014

most recently in 2010. These guidelines also include
recommendations on reversal strategies of AAICH;
however, the guidelines were written before the
approval of the targeted OACs. For all types of ICH, the
key recommendations are to maintain a mean arterial
pressure of less than 130 mmHg and a cerebral perfusion pressure (mean arterial blood pressure minus
intracranial pressure) of at least 60 mmHg. However,
investigation is ongoing (e.g., INTERACT 1 and 2 and
ATACH 1 and 2 trials) on the role of more aggressive
and early blood pressure (BP) reduction to limit ICH
growth and its effect on outcome.58–60 INTERACT 1
found that early intensive BP lowering seemed to attenuate hematoma growth when compared with a more
conservative guideline-based policy.59 INTERACT 2
failed to show a significant reduction in the rate of the
primary outcome of death or major disability (modified
Rankin Scale [mRS] Score 3–6), with early intensive
BP lowering; however, there was a significant favorable shift in the secondary endpoint of distribution of
mRS scores among treated patients. There were also
more patients whose conditions were normal or near
normal (mRS Score 0–1) at 90 days. Reassuringly,
there were no differences in the rate of death or numbers of serious adverse events between the 2 groups.
The Antihypertensive Treatment of Acute Cerebral
Haemorrhage (ATACH) 2 trial, which is using similar
BP targets to INTERACT, should shed further light on
the benefit of early aggressive BP lowering in patients
with spontaneous ICH. The results of these studies
may further refine BP management.61–63 It is important
to realize that recommendations for BP control and
AAICH are based on data for acute spontaneous ICH
and not specifically for AAICH; hence the recommendations should be judged accordingly. Furthermore,
in AAICH, when trying to maintain goal mean arterial
pressure and cerebral perfusion pressure, FFP may
affect volume restoration and so adversely affect blood
pressure. The AHA recommends an emergent brain
CT scan when AAICH is suspected. Level 2 recommendations call for a contrast-enhanced CT or a CT
angiogram to assess the presence of a spot sign that,
when present, is associated with the risk of hematoma
expansion.64 The INR is essential to obtain a quantitative measure of warfarin use and intensity of anticoagulation. In some studies, higher INR levels are correlated
with increased likelihood of hematoma expansion and
9
Unauthenticated | Downloaded 01/08/23 02:12 PM UTC

Le Roux et al.
less favorable outcomes,50 but this finding is not consistent, since other studies demonstrate no association
between normalization of INR and hematoma expansion or mortality.9,50
In patients who have AAICH, particularly those with
warfarin-associated ICH, vitamin K (10 mg) is recommended along with administration of FFP and PCCs to
immediately reverse INR, restart vitamin K-dependent
coagulation factor synthesis, and achieve hemostasis.
Once the patient has been stabilized, the need to
restart anticoagulation should be addressed.
Restarting Oral Anticoagulation
Therapy
There is controversy about when to reinitiate OAC therapy following AAICH, and neurosurgeons generally are
more hesitant to do so than cardiologists.35 Although
the concern of recurrent hemorrhage is real, this must
be balanced against the risk of an ischemic stroke or
venous thromboembolism, and in particular PE.35 The
decision to restart anticoagulation should be based on
the patient’s medical history, physiology, and the need
to balance the risk of thrombotic complications versus
bleeding, either ongoing or recurrent.
A common indication for warfarin stroke prevention is
found in patients with nonvalvular AF. The 2010 AHA/
ASA guidelines for the management of spontaneous
ICH suggest that long-term anticoagulation treatment
be avoided in nonvalvular AF following AAICH, given
the risk of ICH recurrence. Instead, the guidelines
recommend antiplatelet therapy.57 However, other
patient characteristics can be considered when deciding whether to restart OAC therapy. Follow-up studies
suggest that a lobar ICH location has a greater 2-year
risk of ICH recurrence than a deep hemispheric hemorrhage (22% vs 4%).65 Therefore, in patients considered
at a high risk for recurrent hemorrhage (e.g., those with
a large lobar ICH), restarting OAC therapy may be a
relative contraindication. However, in patients with a
low risk of recurrent hemorrhage but at a high risk of
stroke (e.g., those patients with a CHADS2 (Cardiac
failure, Hypertension, Age, Diabetes, Stroke) Score
≥1, restarting OAC may be warranted. In addition,
10

restarting OAC therapy with a targeted OAC may also
be considered, since these agents are reported to have
a lower risk of AAICH than warfarin.32–34 In making this
decision, the patient’s age and other comorbidities
need to be considered and, depending on those characteristics, it is reasonable to consider restarting therapy with the targeted OACs sooner or as an alternative
to warfarin. However, the onset of action of the targeted
OACs is more rapid than that of warfarin, which should
also be taken into account.35
Expert opinion before 2010 recommended restarting
warfarin 7 to 14 days after AAICH.16 However, more
recent publications suggest waiting 10 to 30 weeks
after AAICH to restart warfarin may be more appropriate for some patients.66 This recommendation is based
on a large multicenter, retrospective cohort analysis of
2869 patients who presented with warfarin-associated
ICH. Hazard ratios were calculated for recurrent AAICH
(5.6; 95% confidence index [CI] 1.8–17.2) and ischemic stroke (0.11; 95% CI 0.014–0.890). By plotting
combined treatment risk over time, it was determined
that the optimal time to resume anticoagulation following a warfarin-associated ICH was 10 to 30 weeks.66,67
Whether these data can be applied to patients who take
targeted OACs is uncertain. Furthermore, this delay in
restarting OAC should be balanced against why the
OAC was needed in the first place.68 For example, if a
patient has a history of DVT and is close to the end of
treatment, it may be reasonable not to restart anticoagulation at all. By contrast, in a patient with a mechanical
heart valve or left ventricular assist devices, it may be
prudent to restart anticoagulation earlier. For example,
in a retrospective study of 330 patients with left ventricular assist devices, Wilson et al. found that 11% developed AAICH.69 Aspirin and warfarin were discontinued
in 47% and 61% of patients, respectively, and resumed
within a median of 6 days for aspirin and 10.5 days for
warfarin. No cases of rehemorrhage occurred, suggesting that restarting anticoagulation 7 to14 days after ICH
may be safe.69 Expert opinion further suggests that if
the patient’s INR is corrected to normal using PCCs
and the patient is at significant thrombotic risk, then a
low-molecular-weight heparin or even subcutaneous
heparin starting a couple of days after ICH onset can
be given and definitive anticoagulation therapy can be
resumed after 10 to 30 weeks.66,67,70,71
J Neurosurg / Volume 121 / August, 2014
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Figure 3: Example of an Institutional Protocol for AAICH management
This institutional protocol exemplifies the algorithmic pathway for the emergent management of life-threatening bleeding in
patients taking warfarin. Courtesy of Pennsylvania Hospital, Philadelphia PA.

Surgery for AAICH
Treatment of AAICH ranges from best medical therapy to aggressive management including a variety
of surgical techniques that may include: 1) an intracranial pressure monitor; 2) an external ventricular
drain; 3) craniotomy with surgical clot evacuation using
either conventional techniques or stereotactic guided
J Neurosurg / Volume 121 / August, 2014

techniques; 4) decompressive craniectomy; or, more
recently, 5) minimally invasive surgery (MIS). While the
role of these various techniques has been assessed
in cases of spontaneous ICH, there is limited study
of how surgery may influence the outcome in AAICH,
and published guidelines and recommendations, in
general, address non–anticoagulant-associated ICH.
Furthermore, patients with AAICH are excluded from
11
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Table 3: Sample Physician Orders for AAICH
Management70,71
The patient must meet the following criteria:
• Documented ICH on CT scan
• INR ≥2 on warfarin therapy
1. Discontinue warfarin
2. FFP — 2 units
• FFP transfusion: give 2 units IV STAT x 1
3. Phytonadione (vitamin K) 10 mg IVPB in 50 ml of NS x 1 over 30
min
• Recheck PT/INR in 30 min; if still elevated, administer PCC

An example of physician orders based on presence of an
ICH on the CT scan and an INR >2.
Abbreviations: IVBP = intravenous piggy-back; NS = normal saline.

clinical trials of surgical intervention in ICH. 57,72,73
Similarly, patients with cerebellar hematomas have
largely been excluded from clinical trials.
Traditionally, open craniotomy and hematoma evacuation has been the mainstay of surgical ICH management. However, multiple trials have failed to show a
benefit to neurologic function associated with craniotomy. There are several reasons for these failures,
including the marked heterogeneity in patient- and
ICH-specific factors, in treatment, and in definitions of
care (e.g., what defines early intervention?). One of the
largest randomized clinical trials in which open craniotomy was compared with nonsurgical treatment was
STICH I. This trial included 1033 patients. Favorable
outcomes were observed in 26% of patients who
had surgery and in 24% of patients given best medical care.72 Subsequent subgroup analysis suggested
that patients with a superficial ICH and no intraventricular hemorrhage (IVH) benefited from surgery.74 In
a smaller randomized clinical trial that included 108
patients and randomized patients to early surgery (<8
hours) or best medical management, Pantazis et al.
observed that surgery improved outcome, particularly
when the Glasgow Coma Scale (GCS) score was >8,
ICH volume was < 80 ml, or the ICH was subcortical.75
Together these studies suggested a benefit to cranioto12

my in select patients. This impression was confirmed in
a meta-analysis in which individual patient data from 8
of the 14 randomized clinical trials suggested a benefit
to surgery when randomization occurred within 8 hours
of symptom onset, the ICH volume was 20 ml to 50 ml,
the GCS score was between 9 and 12, or the patient
was between 50 and 69 years old.76
STICH II, a multicenter randomized clinical trial, was
designed to test the hypothesis that early surgery
would benefit patients with a superficial ICH and without IVH. However, surgical outcomes were similar to
patients who received best medical management, and
59% of surgical and 62% of nonsurgical patients had
unfavorable outcomes.77 While some meta-analytic
data suggest a potential benefit to craniotomy in select
ICH patients, it is important to remember that these
trials included various patient groups and surgical
interventions.76,78 Furthermore, these data cannot be
applied to AAICH, since these patients were largely
excluded from the trials. There are several unanswered
questions about open craniotomy (e.g., patient selection and what constitutes early surgery). Nevertheless,
current recommendations include the following: 1) For
most AAICH patients the role of surgical evacuation
is uncertain. 2) Rapid surgical removal is indicated in
patients who have a cerebellar hemorrhage who are
deteriorating rapidly or who have brainstem compression and hydrocephalus. A ventricular drain alone is
not sufficient in these patients. 3) Early hematoma
evacuation through a standard craniotomy should be
considered for patients who have a lobar ICH >30 ml in
volume and within 1 cm of the brain surface.57,64
Minimally invasive surgery for AAICH. The
development of MIS for ICH predates the randomized
clinical trials in open craniotomy for ICH, but the trial
results and recent advances in stereotactic navigation have led to renewed interest in the role of MIS for
AAICH.16,73,79-82 These techniques use stereotactic guidance combined with either thrombolytic enhanced or
endoscopic enhanced clot aspiration. In addition, intraoperative imaging (e.g., use of intraoperative CT) can
help guide clot evacuation. A potential advantage of
minimally invasive clot removal is that deep putaminal
or thalamic hemorrhages may be accessible, and there
is less damage to the overlying brain. As with open
J Neurosurg / Volume 121 / August, 2014
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surgery, the optimal time to maximum clot removal
remains unclear.
Several studies have examined the role of MIS in
ICH. In 1989 Auer et al. randomized 100 patients with
spontaneous ICH (subcortical, putaminal, and thalamic
ICH) to endoscopic evacuation or medical treatment. In
subgroup analysis only surgical patients with subcortical bleeds had reduced mortality, and surgical patients
with ICHs <50 ml had better functional recovery, but
not reduced mortality, than medically treated patients.83
Since then MIS techniques have continued to evolve.
Further modifications include thrombolytic infusion
through stereotactically placed catheters. In another
randomized clinical trial, the Stereotactic Treatment of
Intracerebral Hematoma by means of a Plasminogen
Activator (SICHPA) trial, Teernstra et al. observed that
ICH volume was reduced by 10% to 20% after stereotactic treatment and ICH aspiration after application
of plasminogen activating factor. However, there was
no survival advantage at 180 days and neurological
outcome was similar to that of patients treated with
medical management.84 In other clinical studies, the
feasibility, safety and potential benefit of subacute
stereotactic aspiration and endoscopic ICH evacuation
or evacuation using pharmacological thrombolysis or
sono-thrombolysis has been observed.81,85-87 Two trials that use different techniques to evacuate ICH are
ongoing: 1) Minimally Invasive Surgery plus recombinant Tissue plasminogen activator (rt-PA) for ICH
Evacuation (MISTIE) and 2) Intraoperative Computed
Tomography–Guided Endoscopic Surgery (ICES).
MISTIE relies on the accurate placement of a drain,
administration of rt-PA, and gradual hematoma volume
reduction over 72 hours, whereas ICES is a rapid endoscopic ICH evacuation.
Data from the MISTIE and ICES trials were presented
at the International Stroke Conference in February
2013 in Honolulu. In MISTIE, data analyzed at 365
days indicate that patients randomized to the rt-PA
group had a shorter hospital stay and a small upward
shift across the modified Rankin Scale (mRS). In ICES,
an immediate 70% clot volume reduction was observed
with endoscopic ICH evacuation, which was associated
with improved clinical outcome (mRS Score 3) at 180
days.88 Subsequent analysis of patients treated with a
J Neurosurg / Volume 121 / August, 2014

MIS approach and rtPA have shown that reduction in
ICH volume is associated with reduced perihematomal
edema (PHE).89 The relationship between PHE and
long-term tissue injury is complex but PHE is associated with poor outcome, whereas an increase in PHE
can cause a decline in neurologic status. Together
these studies suggest there is a potential benefit to
MIS techniques for AAICH. However, the patients
who seem to benefit most from MIS techniques are
very similar to those who benefit from craniotomy,
ie, patients with superficial ICH, GCS Score ≥9, ICH
volume between 25 ml and 40 ml, and surgery within
72 hours of symptom onset. Whether these data about
MIS for ICH can or should be extrapolated to patients
with AAICH is uncertain.
Institutional Protocols
AAICH is common. However, the development and
use of general guidelines and specific institutional protocols of evidence-based clinical pathways for reversal
of AAICH and their influence on outcome have not
been well studied, in part because some treatments
for AAICH are not FDA approved, and as a result are
administered off label, and patient care varies across
care centers and among physicians within the same
institution. Several lines of evidence, however, suggest
that development of institutional polices for ICH and
specifically for AAICH has the potential to enhance
patient outcomes. Such a protocol requires communication and collaboration among the emergency room,
neurologists, the intensivists, and, ideally, neurointensivists, neurosurgeons, rehabilitation physicians,
and nursing staff, among others. Studies suggest that
patients with ICH admitted to neurocritical care units
have better outcomes than those admitted to general
medical intensive care units.90
These institutional guidelines can help delineate protocols for all medical personnel involved in treating
the patient with ICH and AAICH. These protocols can
be important to help guide decision-making to provide
the appropriate clinical care to ensure the best clinical
outcomes for patients. Institutional protocols can be
written as a logical flow diagram. Hence at a specific
institution physician orders may resemble the material
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presented in Table 370,71 and the flow diagram may
resemble that shown in Figure 3. Several national organizations (eg, AHA, Neurocritical Care Society [NCS])
also have provided ICH guidelines.91 The most recent
of these are the NCS guidelines, which are a component of emergency neurologic life support (ENLS)
and are available online (www.neurocriticalcare.org/
enls-protocols).

not indicated and the roles of FFP, rFVIIa, and PCCs
require further study. The decision to recommend a
patient for surgery depends on an individualized basis
of care, as there is some evidence that surgical intervention is beneficial in select patients.

Conclusions
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As the population ages and more patients are placed
on long-term anticoagulation including warfarin and
NOACs, AAICHs have become and will continue to
become more prevalent. Patients on warfarin therapy
have a 7- to 10-fold increased risk of developing ICH.
Warfarin-associated ICHs occur most commonly within
the conventional INR range of 2 to 3.5, and even at
these therapeutic levels, the ICH can expand. There is
a well-described association between ICH volume and
outcome, with poor outcome significantly more likely
when the ICH is greater than 30 ml.67 The implications
of preliminary analysis from the MISTIE and ICES trials are consistent with this finding, since they suggest
that with treatment, the greater the reduction in clot
size, the better the patient outcome. Hence for patients
with AAICH it is important to develop reliable and costeffective treatment methods that reduce clot expansion
and so potentially reduce morbidity and mortality.
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  EVALUATION,	
  and	
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  FOR	
  CREDIT	
  FORM	
  
	
  
Race	
  Against	
  the	
  Clock:	
  	
  
Overcoming	
  Challenges	
  in	
  the	
  Management	
  of	
  Anticoaglant-‐Associated	
  Intracerebral	
  Hemorrhage	
  
	
  
To	
  receive	
  a	
  CME	
  certificate	
  of	
  participation,	
  participants	
  must:	
  	
  
(1) Read	
  the	
  entire	
  publication	
  (including	
  the	
  CME	
  information).	
  
(2) Earn	
  a	
  posttest	
  score	
  of	
  at	
  least	
  70%	
  and	
  complete	
  an	
  evaluation	
  form.	
  	
  
(3) Either	
  register	
  or	
  log	
  in	
  at	
  www.paradigmmc.com/JNSpub	
  and	
  complete	
  and	
  submit	
  the	
  online	
  posttest	
  and	
  
evaluation	
  (a	
  certificate	
  of	
  participation	
  will	
  be	
  available	
  for	
  download/printing	
  immediately	
  following	
  successful	
  
completion	
  of	
  the	
  posttest	
  and	
  evaluation)	
  OR	
  complete	
  the	
  form	
  below	
  and	
  mail	
  or	
  fax	
  to	
  Paradigm	
  Medical	
  
Communications,	
  LLC,	
  523	
  Route	
  303,	
  Orangeburg,	
  NY	
  10962;	
  fax	
  (845)	
  398-‐5108	
  (an	
  email	
  with	
  a	
  link	
  to	
  your	
  
certificate	
  will	
  be	
  issued	
  1	
  to	
  2	
  weeks	
  after	
  receipt	
  of	
  completed	
  form).	
  
POSTTEST	
  (please	
  indicate	
  the	
  most	
  appropriate	
  answer)	
  

	
  

1.	
  AAICH	
  is	
  on	
  the	
  rise	
  because	
  the	
  population	
  is	
  aging	
  and	
  
because	
  of	
  the	
  increased	
  usage	
  of	
  warfarin	
  and	
  NOACs.	
  Use	
  
of	
  warfarin	
  and	
  NOACs	
  is	
  associated	
  with	
  an	
  increased	
  risk	
  
of	
  ICH.	
  	
  Which	
  of	
  the	
  following	
  statements	
  about	
  AAICH	
  is	
  
false:	
  
o AAICH	
  accounts	
  for	
  8-‐15%	
  of	
  all	
  ICH	
  
o Patients	
  with	
  ICH	
  taking	
  anticoagulation	
  therapy	
  
with	
  warfarin	
  have	
  a	
  higher	
  risk	
  of	
  death	
  at	
  30	
  days	
  
o AAICH	
  is	
  associated	
  with	
  a	
  50%	
  mortality	
  rate	
  
o Patients	
  presenting	
  with	
  ICH	
  and	
  who	
  are	
  on	
  
anticoagulation	
  therapy	
  have	
  a	
  reduced	
  risk	
  of	
  
hematoma	
  expansion	
  
2.	
  Which	
  of	
  the	
  following	
  is	
  a	
  correct	
  statement	
  about	
  
warfarin-‐associated	
  ICH?	
  
o Most	
  occur	
  within	
  the	
  conventional	
  therapeutic	
  INR	
  
range	
  (2–3.5)	
  
o Most	
  occur	
  just	
  above	
  the	
  conventional	
  therapeutic	
  
INR	
  range	
  (3.5–4.0)	
  
o Most	
  occur	
  well	
  above	
  the	
  conventional	
  therapeutic	
  
INR	
  range	
  (>4.0)	
  
3.	
  Which	
  of	
  the	
  following	
  repletion	
  options	
  for	
  AAICH	
  
requires	
  blood	
  typing?	
  
o IV	
  vitamin	
  K	
  
o Fresh	
  frozen	
  plasma	
  (FFP)	
  
o Recombinant	
  factor	
  VIIa	
  (rFVIIa)	
  
o Prothrombin	
  complex	
  concentrates	
  (PCCs)	
  

	
  
4.	
  Which	
  of	
  the	
  following	
  statements	
  is	
  false	
  according	
  to	
  
current	
  AHA	
  and	
  ASA	
  published	
  guidelines	
  for	
  the	
  
management	
  of	
  spontaneous	
  ICH?	
  
o Maintain	
  a	
  mean	
  arterial	
  pressure	
  of	
  less	
  than	
  
130mmHg	
  
o Maintain	
  a	
  cerebral	
  perfusion	
  pressure	
  of	
  at	
  
least	
  60mmHg	
  
o A	
  brain	
  CT	
  scan	
  should	
  be	
  performed	
  	
  
o Anticoagulation	
  should	
  be	
  restarted	
  as	
  soon	
  as	
  
the	
  patient	
  is	
  stabilized	
  
5.	
  In	
  order	
  to	
  induce	
  rapid	
  correction	
  of	
  warfarin-‐associated	
  
coagulopathy,	
  existing	
  guidelines	
  endorse	
  the	
  
administration	
  of	
  IV	
  vitamin	
  K	
  in	
  combination	
  with	
  which	
  of	
  
the	
  following?	
  
o FFP	
  and	
  3-‐factor	
  PCC	
  
o Dabigatran	
  
o Aspirin	
  	
  
o rFVIIa	
  	
  
6.	
  When	
  administering	
  3-‐factor	
  PCC	
  to	
  reverse	
  warfarin-‐
associated	
  ICH,	
  which	
  of	
  the	
  following	
  would	
  NOT	
  be	
  on	
  
your	
  list	
  of	
  considerations?	
  
o Viral	
  transmission	
  
o Thrombosis	
  
o Inadequate	
  INR	
  correction	
  
o Variable	
  cofactor	
  content	
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Race	
  Against	
  the	
  Clock:	
  
Overcoming	
  Challenges	
  in	
  the	
  Management	
  of	
  Anticoagulant-‐Associated	
  Intracerebral	
  Hemorrhage	
  
	
  

	
  

Prior	
  to	
  participating	
  in	
  this	
  activity,	
  how	
  
confident	
  were	
  you	
  in	
  your	
  ability	
  to:	
  
1	
   2	
   3	
   4	
   5	
  
	
   	
   	
   	
   	
  

	
  

1	
  
	
  
1	
  
	
  

2	
  
	
  
2	
  
	
  

3	
  
	
  
3	
  
	
  

4	
  
	
  
4	
  
	
  

5	
  
	
  
5	
  
	
  

Please	
  indicate	
  your	
  response	
  
	
   using	
  the	
  following	
  scale:	
  	
  
1-‐Not	
  at	
  All	
  Confident;	
  3-‐Confident;	
  5-‐Very	
  Confident	
  
Use	
  knowledge	
  of	
  guidelines	
  for	
  the	
  management	
  of	
  AAICH	
  
promulgated	
  by	
  the	
  AHA/ASA	
  and	
  the	
  ACCP	
  
Advance	
  evidence-‐based	
  and	
  protocol-‐driven	
  treatment	
  
strategies	
  for	
  AAICH	
  within	
  your	
  own	
  practice	
  setting	
  
Select	
  appropriate	
  anticoagulation	
  reversal	
  strategies	
  in	
  the	
  
management	
  of	
  patients	
  with	
  AAICH

	
  

	
  

After	
  participating	
  in	
  this	
  activity,	
  how	
  
confident	
  are	
  you	
  now	
  in	
  your	
  ability	
  to:	
  
1	
   2	
   3	
   4	
   5	
  
	
   	
   	
   	
   	
  
1	
  
	
  
1	
  
	
  

2	
  
	
  
2	
  
	
  

3	
  
	
  
3	
  
	
  

4	
  
	
  
4	
  
	
  

5	
  
	
  
5	
  
	
  

Please	
  indicate	
  your	
  response	
  to	
  questions	
  1–5	
  using	
  this	
  scale:	
  1-‐Strongly	
  Disagree	
  	
  2-‐Disagree	
  	
  3-‐Neutral	
  	
  4-‐Agree	
  	
  5-‐Strongly	
  Agree	
  
1.	
  	
  	
  The	
  following	
  objectives	
  of	
  the	
  activity	
  were	
  achieved:	
  	
  	
  
•
Appropriately	
  apply	
  evidence-‐based	
  guidelines	
  and	
  strategies	
  to	
  the	
  management	
  of	
  patients	
  with	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  warfarin-‐associated	
  ICH.	
  
•
Recognize	
  the	
  barriers	
  to	
  successful	
  management	
  of	
  patients	
  with	
  ICH	
  in	
  the	
  context	
  of	
  anticoagulation-‐associated	
  
coagulopathy.	
  
•
Based	
  on	
  the	
  risk/benefit	
  analysis	
  of	
  reversal	
  agents,	
  select	
  appropriate	
  therapies	
  for	
  the	
  treatment	
  of	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  patients	
  with	
  AAICH.	
  

1	
   2	
   3	
   4	
   5	
  
O	
   O	
   O	
   O	
   O	
  
O	
   O	
   O	
   O	
   O	
  
O	
   O	
   O	
   O	
   O	
  

	
  

2.	
  	
  	
   The	
  following	
  authors	
  delivered	
  content	
  in	
  a	
  concise,	
  unbiased	
  manner:	
  
•
Peter	
  D.	
  Le	
  Roux,	
  MD,	
  FACS	
  
•
Charles	
  V.	
  Pollack,	
  Jr,	
  MA,	
  MD,	
  FACEP	
  	
  

	
  

	
  

	
  

	
  

O	
   O	
   O	
   O	
   O	
  
O	
   O	
   O	
   O	
   O	
  

3.
4.

The	
  activity	
  was	
  free	
  of	
  commercial	
  bias	
  (If	
  disagree	
  or	
  strongly	
  disagree,	
  please	
  describe	
  in	
  #11).	
  
The	
  educational	
  strategy	
  used	
  in	
  this	
  activity	
  was	
  appropriate.	
  

5.

The	
  content	
  of	
  the	
  activity	
  was	
  relevant	
  to	
  my	
  practice.	
  	
  

6.

As	
  a	
  result	
  of	
  your	
  participation	
  in	
  this	
  activity,	
  what	
  will	
  you	
  do	
  differently	
  in	
  the	
  care	
  of	
  your	
  patients?	
  

O	
   O	
   O	
   O	
   O	
  
O	
   O	
   O	
   O	
   O	
  
O	
   O	
   O	
   O	
   O	
  

________________________________________________________________________________________________________________	
  
7.
8.

What	
  barriers	
  to	
  applying	
  what	
  you	
  learned	
  do	
  you	
  anticipate?	
  	
  
________________________________________________________________________________________________________________	
  
What	
  challenges	
  are	
  you	
  faced	
  with	
  when	
  managing	
  patients	
  with	
  AAICH?	
  
________________________________________________________________________________________________________________

9.

What	
  other	
  issue(s)	
  would	
  you	
  like	
  to	
  see	
  addressed	
  in	
  future	
  CME	
  activities?	
  
_______________________________________________________________________________________________________________	
  

10. Which	
  activity	
  format	
  do	
  you	
  prefer?	
  (check	
  all	
  that	
  apply)	
  	
  	
  	
  	
  O	
  	
  Live	
  national	
  meetings	
  	
  	
  	
  	
  	
  O	
  	
  Live	
  local	
  meetings	
  	
  	
  	
  	
  	
  O	
  	
  Live	
  Grand	
  Rounds	
  
O	
  	
  Print	
  	
  	
  	
  	
  	
  	
  	
  O	
  	
  Online	
  print	
  	
  	
  	
  	
  	
  	
  O	
  	
  E-‐mobile	
  activities	
  	
  	
  	
  	
  	
  	
  O	
  On-‐demand	
  webinars	
  	
  	
  	
  O	
  	
  Other	
  (specify):	
  ______________________________	
  
11. Other	
  comments	
  or	
  suggestions:	
  
_______________________________________________________________________________________________________________	
  
_______________________________________________________________________________________________________________	
  

REQUEST	
  FOR	
  CREDIT	
  (please	
  print	
  clearly)	
  

I	
  certify	
  that	
  I	
  have	
  completed	
  this	
  educational	
  activity	
  and	
  claim	
   ______	
  credit	
  hours	
  (maximum	
  of	
  1.5).	
  

	
  
Name:	
  ________________________________________________	
  Signature:	
  ______________________________________________	
  
	
  

Company/Organization:	
  _________________________________________________________________________________________	
  
	
  

Degree(s):_____________________	
  Specialty:_____________________________________	
  NPI#:	
  _____________________________	
  
	
  

Address:__________________________________________	
  City:	
  ____________________________	
  State:________	
  ZIP:___________	
  
	
  

Phone:___________________________	
  Fax:_________________________	
  Email:__________________________________________	
  
	
  

523	
  RT	
  303	
  ●	
  ORANGEBURG,	
  NY	
  10962	
  ●	
  P	
  845-‐398-‐5100	
  ●	
  F	
  845-‐398-‐5108	
  ●	
  WWW.PARADIGMMC.COM	
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