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Objective: The objective of this study was to determine the effectiveness and safety of four-factor pro-
thrombin complex concentrate (4F-PCC) for the reversal of factor Xa inhibitors in patients with traumatic
intracranial hemorrhage (ICH).

Methods: This was a retrospective cohort study of patients taking factor Xa inhibitors with traumatic ICH
between March 1, 2015 and August 31, 2017 at two trauma centers. The primary outcome was in-
hospital mortality in patients who received 4F-PCC (4F-PCC group) compared to those who did not (no
reversal group). Secondary outcomes included functional recovery, hospital and intensive care unit
(ICU) length of stay (LOS), and thromboembolic complications.

Results: There were 62 patients included in the study. Injury Severity Score (ISS) was significantly higher

Keywords:
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concentrate
Intracranial hemorrhage in the 4F-PCC group (17.6 vs. 12.1, p=0.019). The 4F-PCC group had a significantly higher mortality
Trauma (22.9% vs. 3.7%, p=0.034) and longer ICU LOS (2.5 vs. 1.4 days, p = 0.0024). The no reversal group had

a significantly higher incidence of ischemic stroke/transient ischemic attack (TIA) (0% vs. 14.8%,
p =0.019). After controlling for ISS, there was no significant difference in mortality (p = 0.20), ICU LOS
(p=0.64), or ischemic stroke/TIA (p = 0.94). There was no difference in hospital LOS, discharge disposi-
tion, final Activity Measure for Post Acute Care daily activity score, VTE, or ML
Conclusion: Patients with a higher ISS received 4F-PCC preferentially, which led to an apparent mortality
benefit the no reversal group. After adjusting for baseline differences between groups, there was no dif-
ference in mortality, functional recovery, hospital and ICU LOS, or thromboembolic complications.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Oral anticoagulants are commonly used for the management of
patients with atrial fibrillation, cardiac valve replacement, and
venous thromboembolism (VTE). The primary complication associ-
ated with anticoagulants is bleeding. As a result of this potentially
devastating adverse effect, reversal agents were developed. Idaru-
cizumab is indicated for the reversal of the direct thrombin inhibi-
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tor dabigatran for emergent surgery and life-threatening or
uncontrolled bleeding [1]. Warfarin can be reversed with vitamin
K and four-factor prothrombin complex concentrate (4F-PCC) in
the setting of acute major bleeding or an emergent surgery [2].
4F-PCC replenishes the vitamin K-dependent proteins, factors II,
VII, IX, X and proteins C and S.

Recently, the first reversal agent for the factor Xa inhibitors
rivaroxaban and apixaban, andexanet alfa, was approved by the
U.S. Food and Drug Administration (FDA) [3]. Prior to the approval
of andexanet alfa, 4F-PCC has been used off-label for the reversal of
factor Xa inhibitors in patients with life-threatening hemorrhage.
4F-PCC continues to be utilized for the reversal of factor Xa inhibi-
tors due to the lack of product availability, high cost, and throm-
boembolic complications associated with andexanet alfa, in
addition to guideline support for 4F-PCC [4,5].

The off-label use of 4F-PCC for the reversal of factor Xa inhibitors
is based on animal and pharmacodynamics studies in healthy
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volunteers [6-14]. Additionally, three small retrospective studies
assessed the outcomes associated with 4F-PCC for the reversal of
direct oral anticoagulants (DOACs), which include factor Xa inhibi-
tors and dabigatran [15-17]. Although the literature supporting
the use of 4F-PCC for the reversal of factor Xa inhibitors is sparse,
it is often utilized in the setting of severe intracranial hemorrhage
(ICH) when the expected benefit of treatment outweighs the risk
of thromboembolic events. The American College of Cardiology
(ACC) recently published an expert consensus decision pathway
on the management of bleeding in patients on oral anticoagulants.
In patients taking a factor Xa inhibitor with a critical site or life
threatening bleed, ACC recommends administering 4F-PCC
50 units/kg [5].

It is unknown if any study has specifically assessed the use of
4F-PCC for the reversal of factor Xa inhibitors in patients with trau-
matic ICH. Additionally, no study has compared safety and effec-
tiveness outcomes in patients who did and did not receive 4F-
PCC for the reversal of factor Xa inhibitors. The objective of this
study was to evaluate the effectiveness and safety of 4F-PCC for
the reversal of factor Xa inhibitors in patients with traumatic
ICH. We hypothesized that 4F-PCC would improve clinical out-
comes compared to no reversal.

2. Methods
2.1. Study design and population

This was a retrospective cohort study of patients who presented
with traumatic ICH at two tertiary care teaching hospitals (with
associated Level I and Level II Trauma Centers), between March
1,2015 and August 31, 2017. This study was approved by the Ohio-
Health Institutional Review Board. Potential study subjects were
identified via the institutional trauma database and the electronic
medical record (EMR) by querying trauma patients with an ICH
diagnosis and a factor Xa inhibitor (rivaroxaban, apixaban, or edox-
aban) listed on the EMR as a medication prior to admission.
Patients were included if the ICH was confirmed by head computed
tomography (CT). ICH was defined as an epidural hematoma, a sub-
dural hematoma, a subarachnoid hemorrhage, or an intracerebral
hemorrhage.

Trauma surgeons and neurosurgeons utilized an institutional
prescribing guideline to determine when to administer 4F-PCC
for the reversal of factor Xa inhibitors in patients with a traumatic
ICH based on international normalized ratio (INR). If the INR was at
least 1.5, the guideline recommended administering 4F-PCC
50 units/kg, with a maximum dose of 5000 units. If the INR was
1.4 or less, the guideline did not recommend administering 4F-
PCC. However, the prescribing guideline allowed providers to use
their clinical judgement to administer 4F-PCC outside of the guide-
line recommendations.

2.2. Study protocol

Demographic and clinical variables were collected retrospec-
tively by a single reviewer from the institutional trauma database
via a SAS-based query or from the EMR via manual chart review
using a standardized, electronic data collection tool. Data collected
included demographics (age, gender, and actual body weight),
medical history (prior to admission anticoagulant, indication for
anticoagulation, prior to admission antiplatelet use, and history
of VTE, stroke/transient ischemic attack [TIA], thrombophilia, and
myocardial infarction [MI]), hospital information (date of admis-
sion, date of injury, mechanism of injury, site of injury, INR, initial
Glasgow Coma Score [GCS], Injury Severity Score [ISS], admit loca-
tion, hospital and intensive care unit [ICU] length of stay, neurosur-

gical interventions, disposition, and final Activity Measure for Post
Acute Care [AM-PAC] daily activity score), anticoagulant reversal
(4F-PCC administration and other reversal agent/blood product
administration [e.g., activated charcoal, platelets, fresh frozen
plasma, factor VIla]), and thromboembolic events (VTE, stroke/
TIA, and MI).

2.3. Outcomes

Patients were stratified into two groups for analysis: those who
received 4F-PCC for factor Xa inhibitor reversal and those who did
not receive 4F-PCC for factor Xa inhibitor reversal. The primary
outcome was in-hospital mortality.

Secondary effectiveness outcomes included functional recovery,
hospital length of stay, and ICU length of stay. Functional recovery
was measured by assessing a patient’s discharge disposition and
AM-PAC daily activity score prior to discharge (Table 1). The AM-
PAC daily activity score is a tool used by physical therapists and
occupational therapists in the acute care setting to assess the
extent of a patient’s functional impairment and determine the
appropriate discharge disposition [18].

Secondary safety outcomes included in-hospital VTE (defined as
a diagnosis of deep venous thrombosis [DVT] or pulmonary embo-
lism [PE]), stroke or TIA, and MI. Subgroups were defined a priori
and subgroup analyses were performed to assess mortality based
on age, gender, site of injury, antiplatelet use, and neurosurgical
intervention.

2.4. Statistical analysis

Demographic and clinical characteristics were described using
mean and standard deviation for continuous variables and fre-
quencies and percentages for binary or categorical variables.

Means were compared between two independent groups using
two-sample t-tests or nonparametric Wilcoxon tests. Analysis of
covariance models were used to compare continuous outcomes
between groups while controlling for ISS. Percentages were
directly compared between two groups using chi-square tests.
Logistic regression modeling was used to compare percentages
while controlling for ISS. Differences were considered statistically
significant for p <0.05. Statistical analysis was conducted using
SAS V7.13 (Cary, NC).

3. Results
3.1. Patient characteristics

Baseline characteristics of the 62 patients (4F-PCC: 35; no
reversal: 27) included in the study are presented in Table 2. The
majority of patients in the study were female (64.5%) with a mean
age of 79.1 years, mean GCS of 13.6, and mean ISS of 15.2. Patients
who received 4F-PCC had a significantly higher baseline ISS (4F-
PCC: 17.6 £8.89; no reversal: 12.1 £6.4; p=0.019). There were

Table 1

Activity Measure for Post Acute Care (AM-PAC) daily activity score [18].
How much help from another person does the  Total A A None
patient currently need. .. lot little
Putting on and taking off lower body clothing? 1 2 3 4
Bathing (including washing, rinsing, drying)? 1 2 3 4
Toileting (using toilet, bedpan or urinal)? 1 2 3 4
Putting on and taking off upper body clothing? 1 2 3 4
Taking care of personal grooming (such as 1 2 3 4

brushing teeth)?

Eating meals? 1 2 3 4
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Table 2 Table 4
Baseline characteristics. Comparing mortality by subgroup.
Baseline characteristics 4F-PCC No reversal p-Value Subgroup 4F-PCC No reversal p-Value
(n=35) (n=27) mortality mortality
Age, mean (SD) 78.9(8.86) 79.4(11.52) 0.84 Neurosurgical intervention
Female, n (%) 22 (62.9) 18 (66.7) 0.76 Yes, n (%) 2 (40) 0 (0) N/A
Initial GCS, mean (SD) 13.1(3.83) 143(1.59) 027 No, n (%) 6 (20) 1(4) 0.06
IS, mean (SD) 17.6 (8.89)  12.1(6.4) 0.019 Gender
Antfplatelet use, n (%) 18 (51.4) 9(33.3) 0.15 Male, n (%) 5 (38) 1011) 0.16
Anticoagulant 080 Female, n (%) 3(14) 0 0.10
Apixaban, n (%) 17 (48.6) 14 (51.9) ’ ’
Rivaroxaban, n (%) 18 (51.4) 13 (48.2) Antiplatelet use
Anticoagulation indication 0.20 Yes, n (%) 6(33) 1(11) 0.21
Atrial fibrillation, n (%) 30 (85.7) 18 (66.7) No, n (%) 2(12) 0(0) 0.13
VIEn (%) 4(11.4) 7 (25.9) Age, years
.Atrla! ﬁbrlllatlon and VTE, n (%) 1(2.9) 2(7.4) <65, n (%) 0 (0) 0(0) N/A
Site of injury 65-79, n (%) 4(31) 0(0) 0.036
Epidural hematoma, n (%) 1(2.9) 3(11.1) 0.19 >80, n (%) 4(21) 1(8) 031
Subdural hematoma, n (%) 26 (74.3) 15 (55.6) 0.12
Subarachnoid hemorrhage, n (%) 14 (40.0) 10 (37.0) 0.81 Site of injury
Intracerebral hemorrhage, n (%) 12 (34.3) 7 (25.9) 0.48 Epidural hematoma®, n (%) 0(0) 0(0) N/A
Multiple, n (%) 14 (40.0) 7(25.9) 0.25 Subdural hematoma®, n (%) 7(27) 1(7) 0.11
Mechanism of injury 0.49 Subarachnoid hemorrhage?, n (%) 4 (29) 1(10) 0.27
Fall, n (%) 33 (94.3) 25 (92.6) Intracerebral hemorrhage?, n (%) 6 (50) 1(14) 0.12
MVC, n (%) 2(5.7) 1(3.7) Multiple, n (%) 6 (43) 1(14) 0.19
Assault, n (%) 0(0) 1(3.7)

4F-PCC: four-factor prothrombin complex concentrate; GCS: Glasgow Coma Score;
ISS: Injury Severity Score; MVC: motor vehicle crash; SD: standard deviation; VTE:
venous thromboembolism.

no other significant differences in baseline characteristics between
patients that did and did not receive 4F-PCC for factor Xa inhibitor
reversal.

3.2. Outcomes

The outcomes of the study are listed in Table 3. The 4F-PCC
group had a significantly higher mortality rate than the no reversal
group (4F-PCC: 22.9%; no reversal: 3.7%; p =0.034). Prescribers
adhered to the anticoagulation reversal guideline in 62.3% of
patients included in the study. Among the guideline compliant
patients (n = 38), the 4F-PCC group had a significantly higher mor-
tality than the no reversal group (4F-PCC: 29%; no reversal: 5%;
p =0.038).

Subgroup analyses were conducted to explore whether the dif-
ferences in mortality may be attributed to patient factors including
age, gender, neurosurgical intervention, site of injury, or antiplate-

Table 3
Clinical outcomes for all patients.
Outcome 4F-PCC No p-
(n=35) reversal Value
(n=27)
Mortality, n (%) 8(22.9) 1(3.7) 0.034
ICU length of stay (days), mean (SD) 2.5 1.4 (3.77) 0.0024
(3.19)
Hospital length of stay (days), mean (SD) 6.4 5.2 (5.61) 0.40
(5.58)
Ischemic stroke/TIA, n (%) 0(0) 4(14.8) 0.019°
VTE, n (%) 1(2.9) 0(0) 0.38
MI, n (%) 0(0) 0 (0) N/A

4F-PCC: four-factor prothrombin complex concentrate; ICU: intensive care unit; MI:
myocardial infarction; SD: standard deviation; TIA: transient ischemic attack; VTE:
venous thromboembolism.

" Difference was not statistically significant after controlling for ISS in a logistic
regression model (p = 0.20).

' Difference was not statistically significant after controlling for ISS in an analysis
of covariance model (p = 0.64).

* Difference was not statistically significant after controlling for ISS in a logistic
regression model (p = 0.94).

4F-PCC: four-factor prothrombin complex concentrate.
2 Either with or without any other site.

let use. There was no significant difference in mortality between
the 4F-PCC group and no reversal group by neurosurgical interven-
tion, gender, antiplatelet use, or site of injury (Table 4). There was a
significantly higher mortality in the 4F-PCC group among patients
65-79 years old (4F-PCC: 31%; no reversal: 0%; p = 0.036).

Discharge disposition was not significantly different between
the two groups (p=0.70) after excluding in-hospital deaths
(Fig. 1). Among the patients with an AM-PAC daily activity score
documented prior to hospital discharge (n = 36), there was no sig-
nificant difference between the two groups (4F-PCC: 17.1 £3.27;
no reversal: 16.2 +4.48; p = 0.46). The mean AM-PAC daily activity
score correlated with a 50.11% and 53.32% functional impairment
at hospital discharge in the 4F-PCC group and no reversal group,
respectively (Fig. 2). The 4F-PCC group had a significantly longer
ICU length of stay (2.5 days +3.19) than the no reversal group
(1.4 days +3.77) (p = 0.0024). There was no difference in hospital
length of stay between the two groups (4F-PCC: 6.4 days + 5.58;
no reversal: 5.2 days + 5.61; p = 0.40).

The no reversal group had a significantly higher incidence of
ischemic stroke or TIA than the 4F-PCC group (4F-PCC: 0%; no
reversal: 14.8%; p =0.019). There was no difference in the inci-
dence of VTE (p = 0.38) or MI between the two groups. After con-
trolling for ISS, there was no significant difference in mortality
(p=0.20), ICU length of stay (p = 0.64), or ischemic stroke or TIA
(p=0.94).

4. Discussion

There are limited reversal agents available for factor Xa inhibi-
tors, which poses a clinical challenge when treating patients that
require emergent anticoagulant reversal. ACC published a consen-
sus statement recommending 4F-PCC for patients with critical site
or life-threatening bleed; however, the literature supporting the
consensus is sparse and there are no published studies comparing
outcomes between patients that receive 4F-PCC versus no reversal
[5]. As such, the safety and effectiveness of 4F-PCC in patients with
traumatic ICH is unknown. In this study, safety and effectiveness
were compared between traumatic ICH patients that did and did
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Fig. 1. Discharge disposition was not significantly different between the two groups (p = 0.70).

not receive 4F-PCC for the emergent reversal of factor Xa
inhibitors.

Senger et al. performed a retrospective review of 17 patients
with ICH on dabigatran or rivaroxaban who received 4F-PCC. Eight
patients had a traumatic brain injury (TBI) and nine patients had a
spontaneous ICH. Nine patients had a devastating outcome, includ-
ing severe neurologic deficits, comatose status, or death [15].
Hedges et al. performed a relatively larger retrospective review
of 193 patients who received either 4F-PCC or three-factor PCC
for the reversal of rivaroxaban, dabigatran, apixaban, warfarin, or
unknown anticoagulant. The majority of patients were taking war-
farin prior to admission, while only 18 patients were taking a
DOAC. The efficacy results were not specific for the type of antico-
agulant, limiting the external validity of the study [16]. Finally,
Grandhi et al. performed a retrospective, observational study of
18 patients who received 4F-PCC for the reversal of rivaroxaban
or apixaban for ICH. Eight patients had a TBI and ten patients
had a spontaneous ICH. One patient demonstrated hemorrhage
progression on head CT, one patient had a VTE, six patients died

in the hospital, and six patients had favorable outcomes at 90 days
[17].

Recently, Engelbart et al. performed a case series of 42 patients
assessing activated PCC (aPCC) for the reversal of DOAC-associated
hemorrhage and prevention of hemorrhagic complications in
patients requiring urgent procedures [19]. The ACC recommends
aPCC as an alternative to 4F-PCC in patients taking a factor Xa inhi-
bitor with a critical site or life threatening bleed [5]. The in-
hospital mortality rate was 29% in all patients and 33% among
patients with ICH. Thromboembolic complications occurred in
10% of patients [19].

The mortality rate in this study was 14.5% overall and 22.9% in
the 4F-PCC group. This is consistent with previous studies that
demonstrated mortality ranging from 17.6% to 33% in patients with
ICH who received 4F-PCC for the reversal of DOACs [15,17]. Mortal-
ity was significantly higher in the 4F-PCC group compared to the
no reversal group. This finding was contrary to our expectation
that 4F-PCC would improve outcomes and is explained by the sig-
nificant difference in ISS at baseline. After controlling for ISS, there

Mean AM-PAC Score and Percentage Functional Impairment at Hospital Discharge
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18
16
14
12
10

AM-PAC Score

ON PO ®

4F-PCC

s AM-PAC Score

50

40 -
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Fig. 2. Final AM-PAC daily activity score and corresponding percentage functional impairment among the 36 patients with a documented score was not significantly different

between the groups (p = 0.46).
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was no significant difference in mortality between the groups. The
primary safety concern with the use of 4F-PCC is thrombosis. In
this study, only one patient in the 4F-PCC group had a VTE and
no patients in the 4F-PCC group had an ischemic stroke, TIA, or
MI, demonstrating a low risk of thrombosis with 4F-PCC. It is pos-
sible that more thromboembolic events would have occurred in
the 4F-PCC if the mortality rate were lower, as some of the patients
died early in their hospital stay and did not have time to develop a
thrombotic complication.

The anticoagulation reversal guideline utilized in this study was
developed shortly after the approval of the factor Xa inhibitors. At
that time, the factor Xa inhibitors were believed to have a more
consistent effect on the INR. In reality, factor Xa inhibitors have
demonstrated a variable impact on the INR, so the INR has been
abandoned as a marker of anticoagulation in patients on factor
Xa inhibitors. Since the completion of this study, the INR require-
ment has been removed from the anticoagulation reversal guide-
line for factor Xa inhibitors. While it is now recognized that the
INR is not a reliable marker for factor Xa inhibitors, the anticoagu-
lation reversal guideline created two cohorts. Prescribers followed
the anticoagulation reversal guideline recommendations in 62.3%
of patients. The remaining patients were treated according to the
physician’s clinical judgement. In an effort to remove the potential
bias associated with the physician’s judgement, we compared mor-
tality between the two groups among the guideline compliant
patients. Interestingly, the mortality remained significantly higher
in the 4F-PCC group. This is likely a result of physicians ordering
4F-PCC for patients with more severe injuries as described
previously.

Andexanet alfa was recently approved by the FDA for the rever-
sal of rivaroxaban and apixaban in the setting of life-threatening or
uncontrolled bleeding [3]. While this is the first FDA approved
reversal agent for factor Xa inhibitors, 4F-PCC will likely continue
to be used off-label for this indication. Given the recent approval
of andexanet alfa, the product will not be immediately available
to all hospitals. Pharmacy and Therapeutics committees will assess
the cost effectiveness, efficacy, and safety of the agent prior to add-
ing andexanet alfa to formulary. Furthermore, thrombotic events
occurred in 18% of patients who received andexanet alfa, which
could deter prescribers from routine use, especially given the low
incidence of thrombosis associated with 4F-PCC in this study [4].
Additionally, guidelines continue to support the use of 4F-PCC for
the reversal of factor Xa inhibitors [5]. This study provides effec-
tiveness and safety data to compare 4F-PCC to andexanet alfa in
the future.

There were several limitations to the study. First, this was a ret-
rospective study. As a result, we were not able to control for all
potential sources of bias. This was evidenced by the significantly
higher ISS in the 4F-PCC group as it appears that physicians prefer-
entially prescribed 4F-PCC to patients with more severe injuries.
Second, although this was the largest study we identified, this
study had a relatively small sample size. Power was not calculated,
as the results of this study were intended to be hypothesis gener-
ating. Third, radiographic data was not reviewed to assess hemor-
rhage progression in this study. Lastly, the AM-PAC daily activity
score was not documented on all patients. Additionally, it would
have been ideal to compare change in AM-PAC daily activity score
between the two groups, as it is likely that some patients had func-
tional impairment at baseline. However, baseline AM-PAC daily
activity score was not routinely documented.

5. Conclusion

In conclusion, the results of this study are hypothesis generat-
ing, but the clinical effectiveness of 4F-PCC remains unknown for

factor Xa inhibitors. Prescribers tend to use 4F-PCC in patients on
factor Xa inhibitors with higher ISS, which favors the no reversal
group and limits the ability to detect a benefit in mortality and
functional recovery. Finally, thromboembolic events are uncom-
mon with 4F-PCC. This study sets the framework for a large multi-
center, prospective, randomized controlled trial.
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