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Abstract

Warfarin remains crucially involved in the treatment of patients at thrombotic or thromboem-
bolic risk. However, warfarin increases the mortality rate among patients with traumatic intra-
cranial hemorrhage (TICH) through progressive hemorrhagic injury (PHI). Therefore, a rapid
anticoagulation reversal could be required in patients with TICH to prevent PHI. Differences in
the warfarin reversal effect between combination therapy of prothrombin complex concentrate
(PCC) with vitamin K (VK) and VK monotherapy remain unclear. However, studies have reported
that PCC has greater effectiveness and safety for warfarin reversal compared with fresh frozen
plasma (FFP). This retrospective study aimed to evaluate the warfarin reversal effects of combi-
nation therapy of PCC with VK and VK monotherapy on TICH. We compared the clinical out-
comes between the periods before and after the PCC introduction in our hospital. There were 13
and 7 patients who received VK monotherapy and PCC with VK, respectively. PHI predictors
were evaluated using univariate regression analyses. Warfarin reversal using PCC had a signifi-
cant negative association with PHI (odds ratio: 0.03, 95% confidence interval: 0.00-0.41, P = 0.004).
None of the patients presented with thrombotic complications. Warfarin reversal through a com-
bination of PCC with VK could be more effective for inhibiting post-trauma PHI compared with
VK monotherapy. This could be attributed to a rapid and stable warfarin reversal. PCC should be
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administered to patients with TICH taking warfarin for PHI prevention.

Keywords: prothrombin complex concentrate, Vitamin K, warfarin reversal, progressive hemorrhagic

injury, traumatic intracranial hemorrhage

Introduction

With increasing life expectancy, there has been a
concomitant increase in the number of patients
requiring long-term anticoagulation to prevent arte-
rial fibrillation-associated cerebral or systemic embo-
lism and deep venous thrombosis.? These patients
receive oral anticoagulants, including warfarin as a
vitamin K (VK) antagonist or direct oral anticoagulants
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(DOAC). A previous large-scale randomized clinical
trial reported that DOAC and warfarin had similar
efficacy and safety.>® Furthermore, DOAC has predict-
able pharmacokinetics and does not require routine
monitoring since their anticoagulating effect does not
interact with VK and interacts less frequently with
other drugs. Therefore, DOAC has been preferably
used for thromboembolic disease prevention recently.
However, warfarin remains crucially involved in the
treatment of patients at thrombotic or thromboembolic
risk, including those with an artificial valve, mitral
stenosis, etc.? Furthermore, warfarin is administered
to patients with severe renal impairment who cannot
be treated with DOAC.



48 H. Koyama et al.

Head trauma could cause an acute subdural
hematoma, acute epidural hematoma, cerebral
contusion, and traumatic subarachnoid hematoma.
Progressive hemorrhagic injury (PHI) could cause
a worsening of neurological conditions.? Warfarin
increases the mortality rate among patients with
traumatic intracranial hemorrhage (TICH) since it
inhibits hemostasis.>® Therefore, a rapid anticoag-
ulation reversal in patients with TICH might be
required for PHI prevention.

VK, fresh frozen plasma (FFP), and prothrombin
complex concentrate (PCC) are available for warfarin
reversal in emergencies.? PCC, which is the most
recent to become clinically available, could have
greater advantages compared with FFP. This is
because it does not require blood typing and cross-
matching; moreover, it eliminates the risk of FFP-re-
lated volume overload. Furthermore, compared with
VK, PCC normalizes prothrombin time/international
normalized ratio (PT-INR) more rapidly.®'® Studies
have reported that PCC for warfarin reversal could
have greater effectiveness and safety than FFP.'Y
However, prior to PCC becoming clinically available,
warfarin reversal was commonly achieved using VK
alone rather than FFP infusion followed by VK.
This could be because patients on warfarin treatment
often present poor cardiac function and FFP could
cause volume-overload associated with congestive
heart failure.?!? There is a need to study differences
in the warfarin reversal effect in patients with head
trauma between combination therapy of PCC with
VK and VK monotherapy.

This retrospective study aimed to evaluate the
warfarin reversal effects of a combination of PCC
with VK and VK monotherapy in patients with
TICH. Furthermore, we aimed to compare the clin-
ical outcomes between the periods before and after
the PCC introduction in our hospital.

Methods

The protocol for this retrospective study was approved
by the ethics committee at our institution, which
waived the requirement for patient consent (No.
3758). We retrospectively reviewed the medical
records of 498 adult patients (>18 years old) admitted
at our hospital between February 2016 and November
2019 due to TICH within 12 post-injury hours
(Fig. 1). Among them, 35 patients underwent warfarin
treatment with a PT-INR of >1.4. Seven patients
were infused with FFP to treat coincidental systemic
massive hemorrhage due to aortic, hepatic, or
pulmonary injuries. They were excluded from the
study population because the clinical status is
different from the others. In our hospital, four-factor

PCC (4F-PCC) (Kcentra), which is among the clin-
ically available PCC, was introduced for warfarin
reversal from December 2017. We considered the
periods before and after November 2017 as the VK
era and PCC era, respectively. There 18 and 10
patients in the VK and PCC eras, respectively.

We excluded patients with mild head injury or
excessively severe trauma on admission who did
not receive treatment for warfarin reversal effect.
The treatment outcome was evaluated in the remaining
20 patients (13 and 7 patients in the VK and PCC
era, respectively). Immediately after TICH identifi-
cation, all patients in the VK and PCC era were
treated using intravenous administration of VK and
PCC in combination with VK, respectively. Regarding
the patients’ demographic and clinical characteris-
tics, only time from injury to admission showed a
significant between-group difference where it was
longer in the VK era than in the PCC era (Table 1).

All the patients underwent a computer tomography
(CT) scan on admission and repeat scans at least
twice within 3 and 4-24 hours after admission. PHI
was evaluated on the repeat CT scans and defined
as follows: the appearance of a new intracranial
hematoma, including intracerebral, intraventricular,
subdural, epidural, or subarachnoid hemorrhage not
caused by redistributed hemorrhage or expansion
of pre-existing hematoma indicated by a qualitative
increase in the volume by 1.4 times greater than
the volume on the admission CT.'?

For warfarin reversal with and without PCC, the
target PT-INR level was <1.40. Regarding reversal
using PCC, PCC was intravenously administered
immediately followed by intravenous VK adminis-
tration (10-20 mg). The administered PCC dose was
determined according to our institutional protocol,
which was approved by the medical safety commis-
sion of our hospital, as follows: 25 IU/kg, 35 IU/kg,
and 50 IU/kg were given to patients with INR 1.4—4,
4.0-6.0, and >6, respectively. PCC was only admin-
istered once. Contrastingly, 10 mg VK was repeatedly
administered in case the PT-INR was >1.4 in the
follow-up test at 8-12 post-admission hours. We
performed between-reversal comparisons of the rates
of reaching the target PT-INR at half a day after
hospitalization.

The PHI incidence was evaluated in all the patients
who underwent reversal treatment. Furthermore,
we performed between-reversal comparisons of the
in-hospital death; modified Rankin Scale (mRS) at
discharge; and adverse events, including myocardial
infarction, ischemic stroke, pulmonary embolism,
and deep vein thrombosis.

Table 1 presents the patients’ baseline and clinical
characteristics. Hypertension was defined as a
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498 patients with traumatic intracranial hemorrhage

463 exclude because of not taking
warfarin or PT-INR < 1.4

35 patients which PT-INR > 1.4 due to oral

warfarin therapy

7 patients excluded because of concomitant fresh

49

frozen plasma administeration

v

v

18 patients (February 2016~November 2017)
Vitamin K era

10 patients (December 2017~November 2019)

PCC era

Excluded the patient without warfarin reverse;
- Four patients because of mild TICH
- One patent because of too severe TICH.

The patients were too severe condition to treat.

Excluded the patient without warfarin reverse;
- One patients because of mild TICH
- Two patents because of too severe TICH.
The patients were too severe condition to treat.

A 4

A 4

13 patients received warfarin
reversal by vitamin K alone

7 patients received warfarin reversal
by PCC in combination with vitamin K

Fig. 1 Study profile. PCC: prothrombin complex concentrate, PT-INR: prothrombin time-international normalized

ratio, TICH: traumatic intracranial hemorrhage.

pre-injury or pre-treatment systolic and/or diastolic
blood pressure of 2140 mmHg and >90 mmHg,
respectively. Patients were considered to have
diabetes if their glycosylated hemoglobin A1C level
exceeded 6.5% or if they were being treated with
insulin and/or oral hypoglycemic medications. The
used antiplatelet drugs included aspirin, cilostazol,
and clopidogrel with none of the patients taking
prasugrel and ticlopidine hydrochloride.

Continuous variables were express as mean + SD
or median (interquartile range [IQR]). Categorical
variables were expressed as number (%). All statis-
tical analyses were performed using JMP version 15
software (SAS Institute, Tokyo, Japan). Statistical
significance was set at P <0.05. Between-group
comparisons were performed using Fisher's exact
test or Mann—Whitney U test. Univariable logistic
regression analyses were performed to determine PHI
predictors.

Results

Figure 2 shows the time course of PT-INR in the seven
patients who underwent combination therapy of PCC
with VK. There was a rapid decrease in PT-INR, which
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reached its target (<1.40) at 1 hour after the start of
warfarin reversal in all patients. PT-INR at half a day
after reversal remained <1.40 in most patients except
one who presented a PT-INR of 1.41.

There were no patients who had new bleeding
at other sites and all of the PHI was identified as
an expansion of pre-existing hematomas. Patients
who underwent warfarin therapy had a high PHI
incidence. Among the 20 patients, 12 (60%) patients
presented with PHI. The PHI incidence was signifi-
cantly lower in patients who underwent PCC therapy
than VK monotherapy (84.6% vs. 14.3%, P = 0.004;
Table 2). There were numerically, but not signifi-
cantly, more patients who underwent PCC therapy
with a PT-INR <1.40 at half a day after warfarin
reversal induction compared with those who under-
went VK monotherapy (85.7% vs 30.8%). There
were no significant between-reversal differences in
the hospitalization period, mRS at discharge, mortality,
and rate of surgical treatment by craniotomy.

As shown in Table 3, PHI predictors were evaluated
by univariate regression analyses. Warfarin reversal
using PCC had a significant negative association with
PHI (odds ratio: 0.03, 95% confidence interval:
0.00-0.41, P = 0.004). Contrastingly, other demographic
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Table 1 Patient baseline and clinical characteristics

Total Vimonotherapy  Compnanon with b value
Age 79.1+7.08 78.6+7.2 80 £6.6 0.72
Female gender 7 (35%) 5 (38.5%) 2 (28.6%) >0.99
Hypertension 14 (70%) 13 (69.2%) 5 (71.4%) >0.99
Diabetes mellitus 9 (45%) 6 (46.2%) 3 (42.9%) >0.99
Antiplatelet therapy 6 (30%) 5 (38.5%) 1(14.3%) 0.35
mRS before injury 3 (1-3) 5 (4-6) 4 (3.5-5.5) 0.93
GCS on admission 12 (11-14.3) 12 (8.5—14) 12 (11-15) 0.54
PT-INR at admission 2.33 (1.70-3.18) 2.52 (1.78-3.17) 1.83 (1.67-3.39) >0.99
Time from injury to admission (hour) 3.7+2.6 45+2.8 2.1+1.3 0.02*
Use of tranexamic acid 60 (%) 7 (53.9%) 5(71.4%) 0.64

Data are presented as mean (SD), number (%), or median (IQR). *Indicates statistical significance. GCS: Glasgow Coma
Scale, IQR: interquartile range, mRS: modified Rankin Scale, PCC: prothrombin complex concentrate, PT-INR: prothrom-

bin time-international normalized ratio, VK: vitamin K.

PT-INR
N
o

Admission One hour Half a day

Time

Fig. 2 Time course of PT-INR in patients with combi-
nation therapy of PCC with VK. PCC: prothrombin complex
concentrate, PT-INR: prothrombin time-international
normalized ratio, VK: vitamin K.

and patient characteristics were not associated with
PHI. Hemostasis-related factors, including antiplatelet
therapy and tranexamic acid administration, did not
affect PHI. Severely impaired consciousness (Glasgow
Coma Scale [GCS] <12) and delayed admission (time
from injury to admission >4 hours) did not affect
PHI. Higher PT-INR (>2.0) at admission was not
associated with PHI. Patients who reached the target-
PT-INR (<1.4) at half a day tended to have less PHI
but it was not statistically significant.

Discussion

There have been numerous reports that warfarin
reversal using PCC is effective in patients with
non-TICH or TICH.'''428) However, these studies
compared warfarin reversal using PCC and FFP11:14-28)

with none of the studies comparing the treatment
outcome of warfarin reversal using combination
therapy of PCC with VK and VK monotherapy. The
use of FFP is associated with a greater risk of volume
overload and heart failure.” In some clinical settings,
FFP administration for warfarin reversal is difficult
since patients on anticoagulant therapy present with
a high risk of heart failure, and the complication rate
of atrial fibrillation increases in proportion to the
severity of heart failure.??) Moreover, heart failure has
been reported in 37% of newly developed atrial
fibrillation.*® Therefore, there is a need to directly
compare the recent warfarin reversal using a combi-
nation therapy of PCC and conventional reversal
using VK monotherapy. In this novel study, we found
that warfarin reversal by PCC significantly suppressed
PHI compared with VK monotherapy.

Warfarin treatment is associated with poor prog-
nosis of patients with TICH. Ivascu et al. reported
that oral warfarin increased the mortality rate in
patients with TICH (48%), which is approximately
five times higher than that in patients without
anticoagulant therapy.®” The observed poor outcome
under warfarin treatment could be attributed to the
anticoagulation causing PHI.”*?-*% QOral anticoagula-
tion is associated with PHI even in patients with
minor head trauma.®*” Therefore, there is a need to
improve the prognosis of patients with head trauma
under anticoagulant therapy by rapidly neutralizing
the anticoagulant effect. Furthermore, risk factors
for PHI have been shown to include older age, male
gender, and larger initial lesions.***% However, these
findings were not observed in our study given its
small sample size.

Neurol Med Chir (Tokyo) 61, January, 2021



PCC in Anticoagulated Patients with TICH 51

Table 2 Patient characteristics of the hematoma expansion positive and negative groups

Total VK monotherapy Combination with P value
(n=20) (n=13) PCC(n=7)

PHI 12 (60) 11 (84.6) 1(14.3) 0.004*
Reached target-PT-INR after a half day 10 (50) 4 (30.8) 6 (85.7) 0.057
Hospitalization (day) 22.6 £30.2 15.1+£15.0 36.4 £45.7 0.27
mRS at discharge 4.5 (3-6) 5 (4-6) 4 (3.5-5.5) 0.46
Death 8 (40) 6 (46.2) 2 (28.6) 0.48
Craniotomy 3 (15) 2 (15.3) 1(14.3) >0.99

Data are shown as mean (SD), number (%), or median (IQR). *Shows statistical significance. mRS: modified Rankin Scale,
PCC: prothrombin complex concentrate, PHI: progressive hemorrhagic injury, PT-INR: prothrombin time-international normal-

ized ratio, VK: vitamin K.

Table 3 Univariable analysis of predictors of hematoma expansion

Predictor 0Odds ratio 95% Confidence interval P value
Age >80 0.43 0.07-2.68 0.65
Female sex 0.84 0.092-8.32 >0.99
Hypertension 1.8 0.26-12.5 0.62
Diabetes mellitus 0.3 0.05-1.94 0.36
Antiplatelet therapy 4.9 0.46-54.5 0.32
Tranexamic acid 2.1 0.32-12.5 0.65
GCS score at admission <12 3.1 0.422-21.3 0.37
Delayed admissiont 1.19 0.19-7.46 >0.99
Higher PT-INR (>2.0) at admission 0.84 0.134-5.26 >0.99
Reaching target-PT-INR after a half day 0.17 0.0225-1.23 0.17
Reversal using PCC 0.03 0.00-0.41 0.004*

*Time from injury to admission was >4 hours. *Shows a statistical significance. GCS: Glasgow Coma Scale, PCC:
prothrombin complex concentrate, PT-INR: prothrombin time-international normalized ratio.

For warfarin reversal, the use of PCC, rather than
FFP, was associated with a more rapid decrease in
the PT-INR'71%22 and a higher rate of achieving the
target PT-INR value without a cardiovascular volume
load.” VK, which induces production of warfarin-in-
hibiting coagulant factors in the liver, takes about
24 hours to fully exert its effect to modulate prolonged
PT-INR by warfarin.*? PCC intravenous administra-
tion is to compensate for the shortage of coagulant
factor and shows a more rapid decrease in PT-INR
levels than VK intravenous administration alone.*?
Rapid PT-INR correction by PCC is considered to
suppress PHI more effectively than VK alone in
patients taking warfarin. To neutralize a warfarin
effect by PCC, the short-lasting effect of PCC should
be paid attention to. PCC without VK may result
in a re-increase in PT-INR and clinical deteriora-
tion.*® Therefore, to maintain the rapidly corrected
PT-INR by PCC, VK plays an important role. These
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were consistent with our findings that, in the present
study, most of the patients who underwent the
combination therapy using PCC and VK had normal-
ized values of PT-INR rapidly (at 1 hour after PCC
administration) and remained within or close to the
reference values after 12 hours. Immediate and
stable effect of the combination of PCC and VK is
considered to prevent PHI.

Anticoagulant therapy neutralization is associated
with thrombosis risk.*4% There have been reports
on adverse events of PCC, including ischemic stroke,
anaphylactic shock, disseminated intravascular
coagulation, and deep vein thrombosis.**#%-5% However,
none of our patients presented with complications
in the present study. Given the association of warfarin
with PHI, which could increase the mortality rate,’?
we suggest that anticoagulation neutralization should
be performed as early as possible in patients with
traumatic head injury under anticoagulant therapy.
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PCC contains concentrated VK-dependent coagu-
lation factors (factors II, VII, IX, and X) extracted
from large donor-pooled plasma and stored as a
lyophilized powder. Currently, PCC is available in
two forms: 4F-PCC!141629 and three-factor PCC
(3F-PCQC),"2123 which have both been used in
previous studies. Compared with 3F-PCC, 4F-PCC
contains higher levels of factor VII, as well as some
anticoagulant proteins (Protein C, Protein S, Anti-
thrombin, and heparin),’” and is associated with
rapid INR reversal and a reduction in transfusion
requirement without the risk of thromboembolic
events.’® However, it remains unclear whether
4F-PCC is better than 3F-PCC.

This study has several limitations. First, this was
a retrospective study with a small number of patients.
Furthermore, there could have been patient selection
bias. However, this was minimized by comparing
warfarin-reversal using PCC with historical control.
Second, although PCC may improve the prognosis
of patients with TICH, this was not assessed. There
is a need for further studies to confirm our findings
and the PCC effect on the prognosis.

Conclusion

Warfarin reversal using combination therapy of PCC
with VK after head trauma might be more effective
for PIH inhibition than using VK monotherapy. This
could be attributed to the rapid and stable neutral-
ization of the warfarin anticoagulant effect. Further-
more, treatment with PCC was not associated with
major thrombotic complications. PCC should be
administered to patients with TICH taking warfarin
to prevent PHI
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