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Abstract

Background The use of vitamin K antagonists is an
independent risk factor for the development of intracere-
bral hemorrhage (ICH). Four-factor prothrombin complex
concentrate (4F-PCC) is recommended for urgent reversal
of anticoagulation in this setting. The safety and efficacy of
4F-PCC in ICH with subtherapeutic levels of anticoagu-
lation is yet to be determined.

Methods This was a retrospective, observational study of
4F-PCC administration data from September 2013 to July
2015. Patients with spontaneous or traumatic ICH with
initial INR 1.4-1.9 were compared to those with INR
2-3.9. A Fisher’s exact test was used to compare the dif-
ference between the two groups in the effectiveness of 4F-
PCC in reversing the INR to <1.3 and in the occurrence of
thrombotic events within 7 days of administration.
Results A total of 131 patients with a presenting INR
between 1.4 and 3.9 received 4F-PCC during the study
period. Twenty-three of 29 patients (79 %) in the INR <2
group achieved an INR reduction to <1.3 after 4F-PCC
administration compared to 47 of 92 patients (51 %) in the
INR 24 group, p = 0.03. There was no difference in
thrombotic complications within 7 days after administration
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(6.7 % in INR 1.4-1.9 group, 10 % in INR 2-3.9 group,
p = 0.73).

Conclusion The use of 4F-PCC in patients with INR
between 1.4 and 1.9 results in an effective reduction in INR
with similar thrombotic risks compared to patients pre-
senting with an INR of 2-3.9.
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Introduction

In both primary and secondary intracerebral hemorrhage
(ICH), vitamin K antagonist (VKA) therapy is an inde-
pendent risk factor associated with increased mortality and
hematoma expansion [1-7]. Hematoma expansion is asso-
ciated with neurologic deterioration as measured by
Glasgow Coma Scale (GCS) and the National Institute of
Health Stroke Scale [8]. While there is a clear and con-
sistent link between mortality and hematoma expansion in
ICH and VKA therapy, there is no proven pharmacologic
management that both decreases hematoma expansion and
improves mortality.

Current guidelines and consensus opinion support the use
of four-factor prothrombin complex concentrate (4F-PCC)
over fresh-frozen plasma (FFP) for urgent correction of
international normalized ratio (INR) in ICH [9-12]. How-
ever, itis less well-defined as to what degree of INR elevation
requires the need for reversal or to what extent the INR
should be reversed. There is emerging data suggesting rapid
correction of INR to levels below 1.3 may have some ben-
eficial effects on hematoma expansion [13-15].
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Both fatal and nonfatal arterial and venous throm-
boembolic complications have been reported with 4F-PCC
in clinical trials and postmarketing surveillance [16-18].
Thromboembolic complications have been reported in up
to 7.8 % of patients receiving 4F-PCC with an INR >2
[17, 18]. It is unclear if reversal of patients who present
with an INR <2 leads to an increased thrombotic risk. To
determine if 4F-PCC is safe and effective in patients with
ICH presenting with INR >2, we compared outcomes in
patients presenting with INR 1.4-1.9 to those with INR
2-3.9.

Methods

This was a retrospective, observational study completed at
the University of Pittsburgh Medical Center (UPMC)
Presbyterian Hospital, a large, academic, urban, tertiary
medical center with over 700 beds. It was approved by the
UPMC Quality Improvement Committee.

The cohort consisted of all 4F-PCC medication admin-
istrations (KCentra®) occurring from UPMC formulary
approval in September 2013 to July 2015. Patients were
included if 4F-PCC was used to reverse elevated INRs
secondary to warfarin usage in traumatic or spontaneous
ICH with a presenting INR between 1.4 and 3.9. Patients
were then divided into two groups: initial INR 1.4-1.9 and
INR 2-3.9. Institutional guidelines recommended the
same dose of 4F-PCC (25 U/kg to a maximum of 2500 U)
for all patients presenting with an INR range of 1.4-3.9.
The comparator group of INR 2-3.9 was selected to
remove any bias through patients receiving different
doses of 4F-PCC.

All data were obtained through review of the electronic
health record. The initial INR was defined as the INR
immediately preceding the administration of 4F-PCC with
follow-up INR being the first INR after administration.
Determination of hematoma expansion was made by the
original reading radiologist. Venous thrombotic events
were determined via review of either Doppler ultrasound or
computed tomography (CT) angiogram. Ischemic stroke
was defined as new infarction on any follow-up CT or
magnetic resonance imaging (MRI) of the brain through
reports of reading radiologist. Each patient with elevated
troponins after 4F-PCC administration was further exam-
ined through review of electrocardiogram and physician
progress notes for a diagnosis of myocardial infarction.
Definite thrombotic events were defined as those with
supporting documentation (e.g., CT, MRI, Doppler), and
probable thrombotic events were defined as those with a
high clinical suspicion through retrospective review of
health record. Each thrombotic event was reviewed retro-
spectively by a neurocritical care attending physician.

@ Springer

The primary outcomes were to evaluate if there was a
difference between the two groups in the effectiveness of
4F-PCC defined as INR reversal to <1.3 at the time of
follow-up INR and development of thrombotic events.
Patients without a follow-up INR postadministration were
excluded from the primary efficacy analysis. We examined
all thrombotic events occurring within 7 days of adminis-
tration, hospital discharge, or death, whichever came first.
All patients were included in the thrombotic event analysis.
A multivariate regression analysis was performed to eval-
uate the predictors of INR reversal to <1.3.

Statistical analysis was performed using IBM SPSS
version 22 (Chicago, IL). Normally distributed data are
reported as mean =+ standard deviation. Nonparametric
data are reported as median (interquartile range). Fisher’s
exact test, Student’s t-test, and Mann—Whitney U tests
were used where appropriate. A logistic regression analysis
evaluating INR reversal to <1.3 with the following vari-
ables was completed: initial INR, FFP administration,
vitamin K administration, mechanism of bleed, time from
4F-PCC administration to follow-up INR, and age. Sig-
nificance was set at p = 0.05.

Results

A total of 131 patients with spontaneous or traumatic ICH
with a presenting INR between 1.4 and 3.9 received 4F-
PCC during the study period (Fig. 1). The two groups were
similar at baseline with the exception of a higher number of
patients in the INR 1.4-1.9 group having a history of
venous or atrial thromboembolism (Table 1). Twenty-nine
patients in the INR 1.4-1.9 group and 92 patients in the
INR 2-3.9 group had a repeat INR performed (Fig. 2).

Number of 4F-PCC administrations:

131
Initial INR 1.4 to 1.9: Initial INR 2 to 3.9:
30 101
Repeat INR: Repeat INR:
29 92

Fig. 1 Summary of patient enrollment. /NR international normalized
ratio, 4F-PCC four-factor prothrombin complex concentrate
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Table 1 Baseline demographics
INR 1.4-1.9 INR 2-3.9
N =30 N =101

Age, years 743 £ 143 73.6 &+ 13.7
Weight, kg 87.6 +26.9 83.9 + 19.2
Male, N (%) 18 (60) 54 (53.5)
Anticoagulation indication

Atrial fibrillation 21 (70) 59 (58)

Venous thromboembolism 6 (20) 20 (20)

Valvular disease 3 (10) 13 (13)

Other 0 (0) 99
Liver disease, N (%) 1 (3.5 3(3)
History of coronary artery disease, N (%) 13 (43.3) 33 (32.7)
History of congestive heart failure, N (%) 8 (26.7) 27 (26.7)
History of venous thromboembolism or arterial thromboembolism, N (%) 21 (70) 48 (47.5)
Glasgow Coma Scale Score at presentation, N (%)

12-15 23 (76.7) 77 (79.4)

9-12 3 (10) 0 (0)

<8 4 (13.3) 20 (20.6)
Mechanism of hemorrhage

Traumatic brain injury, N (%) 11 (36.7) 53 (52.5)

Spontaneous, N (%) 17 (56.7) 43 (42.6)

Other, N (%) 2(7) 5(5)
Intraventricular involvement, N (%) 8 (26.7) 29 (28.7)
Initial INR 1.8 £ 0.1 2.7+0.5
4F-PCC dose, U/kg 242 + 4.4 26.1 £ 6.3
Vitamin K administration, N (%) 28 (93.3) 96 (95)
Fresh-frozen plasma administration, N (%) 6 (20) 22 (21.8)
In-hospital mortality, N (%) 4 (13.3) 28 (27.7)

INR international normalized ratio, 4F-PCC four-factor prothrombin com
Normally distributed data reported as mean =+ standard deviation, non-no

There was no difference in regard to dose of 4F-PCC
administered and time between 4F-PCC and repeat INR
(Tables 1, 2). The mean repeat INR in the INR 1.4-1.9
group was 1.3 + 0.1 compared to 1.4 + 0.2 in the INR
2-3.9 group. Twenty-three patients (79.3 %) in the INR
1.4-1.9 group achieved an INR reduction to <1.3 after 4F-
PCC administration compared to 47 patients (51 %) in the
INR 2-3.9 group, p = 0.03 (Table 2). Notably, 87 % in the
INR 1.4-1.9 group and 93 % in the INR 2-3.9 group
achieved an INR <1.5. When controlling for age, 4F-PCC
dose, vitamin K administration, FFP administration,
mechanism of ICH, and time to follow-up INR, the initial
INR remained a predictor of achieving a repeat INR of
<1.3 (odds ratio: 0.3; 95 % confidence interval:
0.14-0.66).

To determine if there is an increased risk of thrombotic
complications in patients receiving 4F-PCC with an INR of
1.4-1.9, we examined all thrombotic events occurring

plex concentrate
rmally distributed data reported as median, interquartile range

within 7 days of administration, hospital discharge, or
death, whichever came first. There was no difference in the
number of patients experiencing a probable or definite
thrombotic complication within this period (6.7 % in INR
1.4-1.9 group, 10 % in INR 2-3.9 group, p = 0.73;
Table 3). One patient in the INR 2-3.9 group was diag-
nosed with both a deep venous thromboembolism (VTE)
and myocardial infarction. Of the probable thrombotic
events, one patient experienced a pulseless electrical
activity cardiac arrest 36 h after 4F-PCC administration;
this was considered to be secondary to pulmonary embo-
lism. The second probable event was an acute mental status
change with aphasia 24 h after 4F-PCC administration; this
was considered to be an ischemic stroke.

Twenty-six patients (87 %) in the INR 1.4-1.9 and 80
patients (79 %) in the INR 2-3.9 group received a follow-
up CT scan. The median time to follow-up CT scan was
270 min in the INR 1.4-1.9 group and 220 min in the INR
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Fig. 2 Scatterplot of initial and Individual patient INR before and after 4F-PCC
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Table 2 INR and 4F-PCC
INR 1.4-1.9 (N = 29) INR 2-3.9 (N = 92) p value
Follow-up INR <1.3, N (%) 23 (79) 47 (51) 0.01
Follow-up INR >1.3 1.3 +£0.1 14 +£0.2 0.004
Time to follow-up INR after 4F-PCC administration, min 162, 91408 173, 88-285 0.64

INR international normalized ratio, 4F-PCC four-factor prothrombin complex concentrate

Normally distributed data reported as mean =+ standard deviation, non-normally distributed data reported as median, interquartile range

Table 3 Thrombotic events within 7 days and follow-up INR after 4F-PCC administration

INR 1.4-1.9 (N = 30) INR 2-3.9 (N = 101) p value

Definite thrombotic event within 7 days post 4F-PCC, N (%) 2 (6.7) 8 (8)* 1
Deep venous thromboembolism 13.3) 5(5) 1
Superficial thromboembolism 13.3) 0 (0) n/a
Pulmonary embolism 0 (0) 1(1) n/a
Myocardial infarction 0 (0) 2(2) n/a
Ischemic stroke 0 (0) 1(1) n/a

Probable thrombotic event within 7 days post 4F-PCC, N (%) 0 (0) 2(2) n/a
Pulmonary embolism 0 (0) 1(1)

Ischemic stroke 0 (0) 1(1)
Definite and probable thrombotic events within 7 days post 4F-PCC, N (%) 2 (6.7) 10 (10)* 0.73

4F-PCC four-factor prothrombin complex concentrate

? One deep-vein thrombosis and one myocardial infarction occurred in the same patient in the INR 2-3.9 group
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2-3.9 group. Four patients (15.4 %) in the INR 1.4-1.9
group and 18 patients (22.5 %) in the INR 2-3.9 group
were noted to have hemorrhage expansion on the first CT
scan after 4F-PCC administration (Table 4).

Discussion

This evaluation demonstrates that 4F-PCC is safe and
effective for reversing INR elevations in patients with
spontaneous and traumatic ICH presenting with subthera-
peutic INRs. Since there appears to be a link between VKA
therapy and an increased risk of mortality and hematoma
expansion, recent guidelines from the Neurocritical Care
Society and Society of Critical Care Medicine recommend
administration of 4F-PCC for patients with ICH and an
INR >1.3[2, 3,7, 11, 12]. The guidelines do not comment
on the severity of brain injury that warrants anticoagulation
reversal, and these data represent real-world utilization of
4F-PCC with both mild (GCS > 12) and severe (GCS <9)
patients. Here we provide additional safety and efficacy
data to support the guidelines, though additional prospec-
tive trials will be valuable. A primary concern with rapid
INR reversal is the development of thrombotic complica-
tions after the administration of 4F-PCC.

While some patients with INR between 1.5 and 1.9 have
been included in prior trials, this subgroup has not been
specifically examined for dosing or to determine if there is a
heightened risk of thrombotic complications compared to
patients with INR >2 [13, 17, 18]. By comparing the inci-
dence of thrombotic complications in patients presenting
with INR 1.4-1.9 to those with INR 2-3.9, we demonstrate
that there is no evidence of an increased risk in using 4F-
PCC in patients with subtherapeutic INR. Due to the
heterogeneous populations previously examined and vari-
ability in surveillance for thrombotic events, the rate of 4F-
PCC-associated thrombotic events in real-world practice is
yet to be elucidated. In a large retrospective cohort study, the
incidence of symptomatic VTE was 6.7, 3.8, and 2.9 % in
patients presenting with subarachnoid hemorrhage, ICH, and
traumatic brain injury (TBI), respectively [20]. The rates of
thrombotic complications (arterial and venous) in our full

Table 4 Hematoma expansion after administration of 4F-PCC

cohort, 9.2 %, are slightly higher than those previously
reported but represent real-world utilization in a population
at known elevated risk of thrombotic complication [17-21].

While our data suggest there is not an increased risk of
thrombotic complications in reversing subtherapeutic INRs
compared to INRs of 2-3.9, the literature evaluating the
relationship between the degree of anticoagulation at the
time of injury and the resulting risks have yielded mixed
results [2, 3, 7]. In a non-randomized prospective cohort of
spontaneous ICH patients taking warfarin, Rosand et al.
found patients to be at an increased risk for 3-month
mortality compared to those not receiving warfarin therapy
(OR: 3.0; 95 % CI: 1.9-4.7) [2]. However, a post hoc
analysis demonstrated that those results did not remain
significant when evaluating a cohort of patients with sub-
therapeutic INRs (OR: 1.5; 95 % CI: 0.6-3.7), questioning
the indication for INR reversal in this subgroup [2]. Pier-
acci et al. confirmed these results in a TBI population [3].
However, Allard and colleagues noted an increased risk for
mortality in severe TBI patients with an INR >1.3 (OR:
6.27; 95 % CI: 1.84-21.35) in a post hoc subgroup uni-
variate analysis [7]. However, these trials did not evaluate
the efficacy nor the safety of reversing VKA therapy.

Emerging evidence has revealed the importance of
achieving complete INR reversal after ICH. Kuramatsu et al.
demonstrated that it was not the degree of initial coagu-
lopathy (2.8 vs. 2.7, p = 0.13) but rather the rapid correction
of INR levels to <1.3 that may have some beneficial effects
on hematoma expansion [13]. The authors did not report
adverse events associated with INR reversal nor evaluate
patients presenting with an INR <2 separately. The results
of our study attempt to fill a void in the current literature by
directly evaluating the effectiveness and safety of 4F-PCC in
a cohort of subtherapeutic INRs.

Despite its strengths, this evaluation is not without
limitations. The percentage of patients presenting with an
INR 1.4-1.9 that did not receive 4F-PCC is unknown, as
the decision to treat was based on physician preference.
The likelihood exists that 4F-PCC was only administered
in patients presenting with INR 1.4-1.9 if physician risk is
stratified to low risk of thrombosis. However, a greater
proportion of patients in the INR 1.4-1.9 group had a

INR 1.4-1.9 (N = 26) INR 2-3.9 (N = 80)

Time to first follow-up CT scan, min

Hematoma expansion on first follow-up CT scan, N (%)

Patients with follow-up INR > 1.3 and expansion on first follow-up CT scan, N (%)

270, 178-345 220, 136-338
4 (15.4) 18 (22.5)
2 (7.7 %) 9 (11.3 %)*

CT computed tomography, /NR international normalized ratio

Non-normally distributed data reported as median, interquartile range

? One patient experience expansion of hematoma on first follow-up CT scan but did not have a follow-up INR documented
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history of a thrombotic event prior to administration (70 %
vs. 47.5 %). There is not a standardized venous or arterial
thrombosis screening protocol after 4F-PCC administra-
tion, so the true rate of thrombotic events may be
underrepresented in the study. However, the thrombotic
rates noted in our data represent clinically significant
thrombotic events. This study provides background data
and motivation to complete a prospective trial to address
the above limitations. Another limitation is the use of INR
reversal as an efficacy outcome for stable hemostasis. VKA
therapy is routinely monitored by a coagulation analysis
(INR) based on the prothrombin time. This coagulation
process is a plasma-based model and does not reflect the
entire hemostatic process, which is known to be a cell-
based model [22].

Conclusion

This evaluation reflects the current therapeutic dilemma
because no standardized treatment regimen exists for ICH
in patients with elevated but subtherapeutic INRs. The
results demonstrate that the use of 4F-PCC in this patient
population results in an effective reduction in INR with
similar thrombotic risks as compared to a patient present-
ing with an INR of 2-3.9. A randomized prospective trial
would be needed to confirm results as well as evaluate
additional measures of efficacy.
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