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Abstract

Expert consensus and international guidelines recommend urgent co-administration of vitamin K and 4-factor prothrombin
complex concentrates (4F-PCCs) to rapidly reverse VKA-related bleeding. This narrative review examined real-world evidence
and strategies to optimize international normalized ratio (INR) reversal, hemostasis, and outcomes in patients receiving 4F-PCC
in this setting. Key determinants for success include the appropriate use of alternative dosing and administration strategies, such
as fixed dosing and increased infusion speed, adherence to institutional guidelines, and removing significant institutional barriers to
reduce time to treatment. In the opinion of authors, minimizing the time to treatment with 4F-PCCs is of paramount importance
when treating patients with VKA-related bleeding. Practices that safely and feasibly shorten the time to administration should be
included in guidelines for institutions responsible for anticoagulant care, and adhered to in centers that perform invasive pro-
cedures on patients receiving VKA therapy. Further studies are required to optimize use of 4F-PCC, particularly in relation to the

ideal dosing strategy and the role of INR.
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Introduction

Vitamin K antagonists (VKAs), such as warfarin, are pre-
scribed for prevention and treatment of thromboembolic events
(TEEs) in many clinical situations; however, VKA treatment is
associated with increased bleeding risk.! The goal of urgent
reversal of VKA-related bleeding is to rapidly increase the
concentration of vitamin K-dependent clotting factors
(VKDFs) to reverse international normalized ratio (INR).? This
may be achieved by co-administration of vitamin K with fresh-
frozen plasma (FFP) or prothrombin complex concentrates
(PCCs) (plasma-derived purified products containing coagula-
tion factors [Factors II, VII, IX, and X], plus anticoagulant
proteins C and S, and antithrombin, depending on the product).
Clinical differentiators of 4-factor PCCs (4F-PCCs) versus FFP
include faster infusion time, less potential for fluid overload,
shorter time to administration (no requirement for thawing/
blood-type matching),® and reduced risks of pathogen transmis-
sion and allergic reactions.**> In addition, FPP is associated
with transfusion-related acute lung injury (TRALI).! TRALI is
triggered by the presence of anti-leukocyte antibodies and so is

unlikely to occur with 4F-PCCs, as antibodies are removed
during the manufacturing process.®’ Current European and
US guidelines recommend 4F-PCCs over FFP for rapid rever-
sal of VKA-related bleeding,®"* and advocate that centers
responsible for anticoagulant care and performing invasive pro-
cedures on VKA-treated patients maintain inventory of a
licensed 4F-PCC.> Kcentra® (CSL Behring GmbH, Marburg,
Germany) is currently the only 4F-PCC approved in the US for
urgent VKA reversal in patients with major bleeding or who
require urgent surgical/invasive procedures.'*
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Table 1. Dosing of Prothrombin Complex Concentrate
(Kcentra®)'*,
IU of coagulation =~ Approximate Maximum
factor IX (per kg dose (mL per kg recommended
Baseline INR body weight) body weight) dose (IU)
2to <4 25 | 2500
4 to <6 35 1.4 3500
>6 50 2 5000

Table 2. Search Parameters for Literature Review.

Search parameters

Date - Publication: 2013/01/01 and 2019/12/31

Kcentra (OR Beriplex OR Confidex) AND administration; Kcentra
(OR Beriplex OR Confidex) AND dose; prothrombin complex
concentrate®™ AND dosing; prothrombin complex concentrate* AND
dose; prothrombin complex concentrate® AND administration;
prothrombin complex concentrate* AND rural OR remote

INR, international normalized ratio; |U, international unit.

Although the efficacy and safety of 4F-PCCs are well estab-
lished for VKA reversal,'>'” there is lack of consensus regard-
ing optimal dosing strategies.”’ On-label dosing of Kcentra is a
variable-dose regimen based on bodyweight and pre-treatment
INR. It is indicated only for baseline INR >2 (Table 1), with
pharmacokinetic analysis showing that a 50 [U/kg dose rapidly
increases VKDF concentrations from baseline levels.'* A
drawback of variable dosing is potential administration delays
while awaiting pre-treatment INR and bodyweight values.?!
Indeed, complete reversal of major bleeding should be
achieved within 68 hours.” Thus, there is a need to investigate
alternative dosing strategies for emergency situations. Several
studies have investigated fixed dosing?® and an American Col-
lege of Cardiology (ACC) Expert Consensus paper supported
use of 2 fixed 4F-PCC doses (1000 IU for reversal of major
bleeding; 1500 IU for intracranial hemorrhage [ICH]), in addi-
tion to supporting standard-of-care variable dosing.'? How-
ever, there are concerns that these protocols may lead to
under-dosing, which could result in suboptimal responses.

The methods of assessing the effectiveness and clinical util-
ity of a dosing regimen can vary. Assessment of clinical hemos-
tasis attainment and clinical outcomes is most commonly
employed, although coagulation testing (particularly the pro-
portion of patients achieving a target INR in a given time) may
also be used, together with occurrence of adverse events
(thromboembolic or otherwise) and cost.

This narrative review examined real-world strategies to
optimize INR reversal, hemostasis, and outcomes in patients
receiving 4F-PCC for reversal of VK A-related bleeding, focus-
ing on alternative dosing strategies, infusion speed and over-
coming institutional barriers to effective, timely reversal of
VKA-related bleeding in clinical practice.

Methods

This publication is not intended as a systematic review. A
PubMed search was conducted to identify publications on PCC
administration practices and reversal of VKA-related bleeding,
published between January 1, 2013 and December 31, 2019.
Search terms are provided in Table 2. The results were filtered
for English language papers, and screened for relevance to the
administration of 4F-PCC in emergency VKA reversal settings
(excluding those that use only on-label variable dosing strate-
gies, where dosing strategy is not specified, or involve direct

oral anticoagulation therapy rather than VKAs). Preclinical
studies and reviews were excluded. Abstracts from congresses
meeting relevance criteria were also included. In total, 54 rel-
evant publications were included.

Results
Alternative Dosing Strategies

Studies providing information on all alternative dosing strate-
gies (including fixed dosing, use of low variable doses [<25
IU/kg], repeat dosing and non-INR-based approaches) are
described in Table 3.

Fixed dosing. Although the approved on-label dosing of 4F-
PCCs is a variable regimen dependent on baseline INR and
bodyweight, a number of studies have investigated fixed doses
for urgent reversal of VKA-related bleeding. The minimum
effective and maximum tolerable doses have also been consid-
ered. A retrospective study of 103 patients requiring anticoa-
gulation reversal (VKA-related bleeding or prior to an invasive
procedure) assessed efficacy of fixed-dosing of 1000 IU 4F-
PCC by clinical hemostasis, as well as INR reversal. Excellent
clinical response (control of bleeding without requiring addi-
tional measures) was seen in 84% of patients. The authors
concluded that 1000 IU fixed-dosing appeared effective and
well tolerated.”> Results from another retrospective review of
39 patients*® concluded that a single, fixed dose of 1500 TU 4F-
PCC effectively reduced median INR in 92% of patients with
VKA-related bleeding, with no associated TEEs within 7 days.
A single, fixed dose of 1500 IU 4F-PCC was also shown to
reduce median INR in 100% of patients with VKA-related
bleeding or undergoing urgent surgery (n = 37) in another
retrospective chart review.>* In addition, there were no early
or late thrombotic complications, or immediate redosing
requirements, though 1 patient required a repeat 4F-PCC dose
2 days after the initial dose.** While the latter 2 studies support
fixed dosing, neither included endpoints for clinical outcomes
(e.g. bleeding cessation).

A recent study evaluated the frequency with which an initial
fixed 4F-PCC dose of 1500 IU was insufficient to achieve an
indication-specific INR (<1.4 for central nervous system
[CNS] bleeds and <2 for all other indications) in patients
requiring warfarin reversal.?® Overall, only 11/63 patients
(17%; including 8 patients with CNS bleeds) were eligible to
receive a supplemental dose based on failure to achieve their
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INR goal (i.e. 4F-PCC 1500 IU was inadequate). However, the
supplemental dose was actually administered in only 2/11
patients, calculated as the remainder of the standard weight-
and INR-based dosing (both of these patients had an initial INR
>3.5). The authors concluded that a low fixed dose of 1500 TU
4F-PCC was sufficient for achievement of INR goals in the
majority of patients.*®

Additionally, studies have been conducted to compare the
use of fixed and variable 4F-PCC dosing. Abdoellakhan et al.
conducted a retrospective study comparing 28 patients with
VKA-related ICH receiving a fixed dose of 1000 IU 4F-PCC
with 25 patients receiving the on-label variable dose based on
body weight, initial INR and target INR.?” In the fixed-dose
group, median INR decreased in 68% of patients, versus 96%
of patients in the variable-dose group after the initial dose (p =
0.013). There was no significant difference in median “door-to-
needle” administration interval between dosing groups. It was
concluded that 1000 IU was insufficient for reversal of VKA-
related ICH.

An observational prospective study over nearly 3 years in
240 patients requiring 4F-PCC for major non-intracranial
bleeding demonstrated INR <2 achievement in 92% of patients
receiving fixed-dose 1040 TU 4F-PCC versus 95% of patients
in the variable-dose group, based on weight and INR.*® This
study failed to demonstrate non-inferiority by the INR out-
come. However, a successful clinical outcome (cessation of
visual bleeding, no further decrease in hemoglobin, normalized
blood pressure, and no further need for PCC or blood transfu-
sion) was judged by the attending physicians in 96% and 88%
of the fixed- and variable-dose groups, respectively. The fixed-
dose strategy was non-inferior to the variable regimen, in terms
of clinical outcome. Notably, the administration interval was
shortened in the fixed cohort by a median of 30 minutes.

Another retrospective study, which included 61 patients
with VKA-related ICH, found no significant difference in INR
reduction or INR target achievement between fixed-dose 1000
IU PCC and on-label 4F-PCC dosing based on bodyweight.
INR <1.5 was achieved in 53% (16/30) who received fixed
dosing and 71% (22/31) of patients receiving a weight-based
4F-PCC dose (p = 0.15).%° It should be noted that this study
had low patient numbers and was underpowered to show a
difference between strategies, and also did not investigate
hemostatic efficacy. The authors concluded that an optimal
dosing strategy for 4F-PCC may involve accounting for both
weight and initial INR.

A recent study compared variable-dose 4F-PCC treatment
(based on weight and INR) and fixed-dose 4F-PCC treatment
(1500 IU, or 2000 IU in specific populations [i.e. patients
weighing >100 kg or with a baseline INR >7.5]) respectively.
A total of 30 patients were included in the retrospective cohort
(variable dose) and 24 in the prospective cohort (fixed dose).*”
Overall, achievement rates for post-infusion INR <2 (primary
endpoint) were similar for both cohorts (96.7% for variable
dose vs 95.8% for fixed dose; p = 0.0035 for non-inferiority).
A greater proportion of patients in the variable dose cohort
achieved a post-infusion INR <1.5 compared with the fixed-

dose cohort (90% vs 75%; p > 0.45 for non-inferiority). This
observation may be linked to the lower mean baseline INR
observed in the variable-dose cohort compared with the
fixed-dose cohort (3.8 vs 4.6).>° Another recent study com-
pared on-label variable-dose 4F-PCC and low fixed-dose
approaches (1500 IU for ICH; 1000 IU for other bleed types)
in 60 patients requiring acute warfarin reversal (30 per dosing
strategy). Target post-infusion INR in this study was <1.6 (pri-
mary endpoint). There was no significant difference between
treatment groups in number of patients achieiving INR <1.6 or
<1.4 following 4F-PCC infusion.'

Use of doses <50 IU/kg. While results from these studies gen-
erally support fixed dosing with >1000 IU 4F-PCC if the base-
line INR for reversal is >2, few data have been published on
4F-PCC for reversal in patients with baseline INRs <2; there is
currently no indicated dose of Kcentra for this particular pop-
ulation.'* A case study reported that administration of lower
than approved weight-based variable-dose 4F-PCC (10 1U/kg;
total, 1020 IU) reduced INR to <1.5within 30 minutes in a
patient requiring VKA reversal for a lumbar puncture (although
multiple FFP units were initially used to reverse INR from >3
to 1.7).>% Supporting low variable-dose regimens for patients
with low INRs, 15 IU/kg 4F-PCC given to 21 patients with
warfarin-associated ICH and baseline INRs ranging from 1.6
to 1.9, reversed INR to <1.5 in 95% of patients, with no hema-
toma expansion within 48 hours of dosing and no TEEs within
72 hours.*® In another study in ICH, of 30 patients with low
baseline INRs receiving 25 [U/kg 4F-PCC, 87% achieved INR
<1.5.** Finally, a retrospective observational study in 205
patients with warfarin-related bleeding found fewer patients
met the primary outcome of INR reversal plus effective clinical
response in the low variable-dose 4F-PCC group (15 1U/kg;
61.4%) versus the on-label variable-dose 4F-PCC group (25
1U/kg; 75.4%, p = 0.033).>° Baseline INR values were 2.6 in
the low variable-dose group and 2.8 in the on-label variable-
dose group. This result was primarily driven by the lower num-
ber reaching the target INR; there was no difference in rates of
effective clinical response and patients in the low variable-dose
group had lower mortality. Overall, these studies suggest that
low variable-dose 4F-PCC may suffice for urgent reversal of
modest INR elevation and management of bleeding.
Additionally, low variable doses of 4F-PCC may be consid-
ered in patients at high risk of thrombosis to minimize the risk
of TEEs. For example, a case report of a patient at high risk of
TEEs who presented with a life-threatening gastrointestinal
bleed found that a 35 [U/kg dose of 4F-PCC successfully low-
ered INR from 16 to 1.5 at 30 minutes post administration.*® A
case report of 2 patients with left-ventricular assist devices who
developed warfarin-related ICH reported that ~ 15 IU/kg 4F-
PCC successfully reversed INR with no thrombotic complica-
tions.?” Furthermore, in the retrospective observational study
described above, no significant difference in TEEs were
observed between 25 IU/kg and low variable-dose 4F-PCC
(15 TU/kg) with 72 hours (4.1% vs 1.2%; p = 0.404).%* Overall,
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given the lack of data, further examination of low variable-dose
4F-PCC strategies is warranted.

Repeat dosing. A lack of clinical data on the safety and efficacy
of repeat dosing with 4F-PCCs means that labeling advises
against re-dosing."* However, an international survey of emer-
gent warfarin reversal strategies that included members of the
Biomedical Excellence for Safer Transfusion Collaborative,
found that most surveyed clinical sites use post-PCC INR
values as guidance for 4F-PCC repeat dosing, indicating the
real-world practice of re-dosing.*® In the aforementioned
Abdoellakhan et al. study comparing 4F-PCC fixed- versus
variable-dosing in patients with VK A-related ICH, repeat dosing
was needed in 32% and 8% of fixed- and variable-dose patients,
respectively, to achieve INR <1.5.*7 In 51 recorded cases of
repeat dosing, no difference was observed in INR (absolute or
percentage change) or hematoma expansion in patients with
cerebral bleeding receiving variable weight-based PCC re-
dosing (median 26 1U/kg), or fixed 500 IU re-dosing (type of
PCC not reported).*® Furthermore, TEEs, the main risk associ-
ated with re-dosing, were not observed in the 7 days following a
full second 4F-PCC dose in 4 neurocritically ill patients identi-
fied from a retrospective review of 171 patients receiving
4F-PCC. The authors concluded that 4F-PCC re-dosing might
be well tolerated in such patients, although larger prospective
studies are needed to support these findings.*”

Non-INR-based dosing algorithms. Pre-treatment INR is widely
used to estimate the 4F-PCC dose needed to achieve target
INR, either alone or in consideration with bodyweight
(Table 1). Apart from fixed dosing, few alternatives to the
standard-of-care algorithms for dosing and monitoring antic-
oagulant therapy have been investigated, despite a 2-year mul-
ticenter study in 256 patients concluding that adequate reversal
of VKA-related bleeding does not depend on pre-treatment
INR.** A retrospective review of 114 medical records for
patients receiving variable-dose 4F-PCC (dosed based on
bodyweight and baseline INR) for reversal of warfarin is also
of relevance. A significant linear relationship was observed
between 4F-PCC dose and post-dose INR, but bodyweight and
baseline INR were not correlated with post-dose INR. These
results support alternative 4F-PCC dosing strategies, indepen-
dent of bodyweight and baseline INR.*

Alternative dosing algorithms have been proposed, includ-
ing regimens based on bodyweight alone, or the indication for
administration.*! Indeed, an audit of warfarin reversal asses-
sing a 3-level dosing protocol (2000 IU for CNS bleeds, 1500
IU for other bleeds and 1000 IU prior to invasive procedures)
found the INR was reversed to <1.5 in 84% (56/67) of patients,
suggesting a simple protocol can be effective. However, adher-
ence to the protocol was poor, as the medical team did not
regularly consult it in emergency situations (the protocol was
followed exactly in only 40.2% of patients).*!

A thrombin generation assay (TGA)-based calculation is an
experimental approach to monitoring VKA treatment, bleeding
risk, and 4F-PCC reversal of VKA-related bleeding. TGA-

based calculations may be superior to INR-based calculations
(based on the linear relationship between hemorrhage-
predictive TGA parameters and 4F-PCC dose for the whole
therapeutic range versus the exponential relationship demon-
strated for INR and dose).** TGA-based algorithms cannot,
however, replace INR-guided dosing in practice, because cal-
culations based on assays are unsuitable when urgent INR
reversal is needed. Although this approach is promising, due
to various challenges (including its time-consuming nature and
the lack of official standardization or reference values), it
requires further study before it can enter routine clinical use.>”

A hematologist-derived strategy is another algorithm for guid-
ing 4F-PCC dosing, which is based on the percentage of available
clotting factors at specific INR values. This strategy was exam-
ined in a retrospective cohort study of 76 patients and showed that
a higher proportion of patients achieved INR <1.5 within 6 hours
of infusion versus patients treated with an older standard-of-care
protocol including products such as FFP, vitamin K and 3F-PCC
(90% versus 16%; p < 0.001).** Patients dosed according to this
alternative algorithm also required significantly fewer units of 4F-
PCC compared with on-label variable dosing (2116 IU versus
2803 IU; p < 0.001). These results suggest this alternative 4F-
PCC dosing may be effective for VKA reversal; however, there
was no difference between groups in hemostasis restoration, re-
dosing, hospital stay duration, or adverse events.

The appropriate dosing strategy for 4F-PCC in obesity has
also been questioned. A retrospective study investigated the
rate of successful INR reversal in 78 obese patients (BMI
>30 kg/m?) experiencing warfarin-related major bleeding
when dosed based on adjusted bodyweight compared with
actual bodyweight as a cost-saving initiative. Achievement of
the target INR was lower in the adjusted weight group versus
actual weight group (36% vs 68%; p = 0.006), with no differ-
ences in mortality or hospital stay, indicating 4F-PCC should
be dosed according to the manufacturer’s guidelines in obese
patients until further data are available.**

Increasing Infusion Speed

Faster infusion speeds are a key advantage of PCCs over FFP
for VKA-related bleeding reversal.> The maximum recom-
mended 4F-PCC infusion speed is 8.4 mL/min (Kcentra);'* this
cap reflects concerns that more rapid infusion of coagulation
factors could trigger TEEs or infusion-related reactions. How-
ever, a clinical trial in 43 patients with acute bleeding, or
requiring INR reversal for emergency surgical or invasive diag-
nostic interventions, showed neither an increase in peak levels
of thrombogenicity markers, nor greater cumulative elevation,
when a median volume of 90 mL 4F-PCC was administered at
up to 40 mL/min, versus as low as 2 mL/min.*’ Patients in this
study had diverse INRs, age, indications, and BMI, so were
representative of patients undergoing reversal of VKA-related
bleeding in clinical practice. Infusion speed was not deter-
mined by baseline variables, but determined at the investiga-
tor’s discretion. Ultimately, increasing infusion speed did not
affect the INR achieved 30 minutes postinfusion, and the
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authors concluded that 4F-PCC could be rapidly infused for
effective emergency reversal of VKA-related bleeding.*> This
conclusion is supported by a retrospective study in which rapid
intravenous push administration of 4F-PCC (mostly for ICH,
maximum infusion speed of approximately 750 IU/15 mL per
minute) was well tolerated and effective, although time to
administration was longer after implementation of the rapid
4F-PCC administration protocol, possibly due to operational
limitations such as additional clarification and approval of
orders resulting from the use of 4F-PCC in non-standard loca-
tions and off-label indications.*®

Alternative Administration Routes

A case study reported successful intraosseous (I0) administra-
tion of 4F-PCC when several attempts for IV access failed in a
warfarin patient reporting to the emergency department (ED)
with a head injury. INR was reduced from 3.9 to 1.1 at 90 mins
after 4F-PCC dosing (25 1U/kg). These results suggest that 1O
4F-PCC may be a viable alternative route in an emergency
situation to avoid delay in treatment when IV access has not
been established.*’

Removing Institutional Barriers to Urgent 4F-PCC
Administration

While several guidelines recommend the use of 4F-PCC for the
urgent reversal of VKAs,>* 13 significant logistic-, therapy-, or
clinician-related barriers and lack of institution-specific treat-
ment protocols represent potential impediments to effective,
timely reversal of VKA-related bleeding.’’ In turn, this
impedes the attainment of optimal patient outcomes.

Reducing treatment delays. Early intervention underlies effective
VKA reversal; thus, time to 4F-PCC administration, also
known as “door-to-needle time”, is an important determinant
of patient outcomes. The time-critical nature of INR reversal
was demonstrated in a retrospective cohort study of 853
patients with VKA-related ICH, of whom 307 experienced
hematoma enlargement (median baseline INR 2.80 [IQR
2.30-3.41]) and 546 did not (median baseline INR 2.68 [IQR
2.23-3.38]). Achievement of INR <1.3 within 4 hours of
admission was associated with lower hematoma enlargement
rates than when not achieved (43/217 [20%] vs 264/636 [42%];
p < 0.001).>% In addition, a prospective study of 822 patients
with VKA-related severe hemorrhage showed that 4F-PCC
administration concordant with international guidelines (dose
>20 IU/kg, together with vitamin K) within § hours of patient
admission was associated with a greater proportion of patients
achieving post-reversal INR <1.5 (mean baseline INR 4.7)
than the non-concordant group.> Strategies to reduce the
4F-PCC administration interval include fixed dosing,22 and,
potentially, increasing 4F-PCC infusion speed.****® Stocking
4F-PCC in high-use areas, such as EDs, has also been consid-
ered, as this could increase access to 4F-PCC and allow pharma-
cist preparation by the bedside compared with the central

pharmacy. However, it remains to be seen whether this approach
would be effective in reducing administration interval.>*>’

Targeting institutional delays is another key way in which
door-to-needle time can be reduced. In a retrospective study of
patients with ICH undergoing VKA-related bleeding reversal,
delays to rapid administration of 4F-PCC included hematology
consultation, collection of 4F-PCC from the pharmacy or blood
transfusion service, and obtaining patients’ INR results.>®
Potential solutions to these barriers include point-of-care INR
testing,*® allowing ED doctors to request and prescribe 4F-
PCCs without the hematologist’s prior approval, expediting
delivery of 4F-PCC from the blood transfusion service or phar-
macy, and adopting pharmacy verification and dispensing of
4F-PCCs.>7%° Indeed, it was shown that a pharmacist-driven
protocol (in which the pharmacist calculated the dose, prepared
4F-PCC and delivered it to the bedside) reduced the adminis-
tration interval to 35 minutes versus 70 minutes for the blood
transfusion service-driven protocol. However, the impact of
this reduction on, INR correction/ICH progression was not
reported.>

Similarly, a retrospective cohort study including 252
patients receiving 4F-PCC for life-threatening bleeding or
urgent surgery in the ED found the median time to 4F-PCC
administration was significantly shorter when a pharmacist was
present at the bedside compared with physician-only teams
(66.5 vs 206.5 min; p < 0.001). Although no difference in
hemostasis or mortality was observed, patients with a pharma-
cist at the bedside had a shorter hospital stay. However, it
should be noted that patients on various forms of oral antic-
oagulation were included in this study.®' In support of these
findings, another retrospective study of patients with bleeding
(the majority of whom received warfarin) found that the time
from order to start of administration of PCC (3F- or 4F-PCC)
was significantly reduced when an ED pharmacist was
involved (median 24 min [IQR 15-35] vs 42 min [IQR 32—
59]; p < 0.001).> Furthermore, the implementation of an elec-
tronic order set for 4F-PCC for reversing VKA-related ICH
demonstrated a significant reduction in the door-to-needle time
from 83 to 45 minutes (p = 0.02) and a significant improve-
ment in patients receiving the target dose (pre-order set, 29.4%
vs post-order set, 92.9% [p = 0.001]).%

Further consideration could be given to early, pre-hospital,
administration of 4F-PCCs. This practice is currently quite
rare, but could have a substantial impact.®® Pre-hospital admin-
istration of 4F-PCCs by a mobile stroke unit,** air ambulance®®
or emergency retrieval service,®® particularly in remote settings
where access to definitive care may otherwise be unavailable or
limited,®® should also reduce door-to-needle time versus wait-
ing until hospital presentation.®’ Such early intervention has
been shown to significantly increase the proportion of patients
achieving a target INR of <1.5 from 3.7 upon ED arrival (pro-
portion difference 0.8; p < 0.0001), and faster overall time to
normalization (181 versus 541 minutes with no early interven-
tion; p < 0.001).% Similarly, a retrospective cohort study com-
paring patients with warfarin-associated ICH who had
transferred from a local community hospital (N = 177) or
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presented directly to the ED (N = 26), found the time to admin-
istration of 4F-PCC was longer in transferred patients (median
difference -176 min; p<0.001). However, the delay was not
associated with worse patient outcomes, with no difference in
hematoma expansion, hospital stay, or mortality.®®

Administration of 4F-PCC may also be delayed as a result of
dispensing practices at each institution.®* 4F-PCC is supplied
in vials (500/1000 IU) and requires reconstitution with sterile
water. The required dose can be dispensed as described in each
package insert, or it can be administered per vial (the amount
rounded to allow for use of an exact number of vials). The
former option requires an extra step to check the exact contents
of each box, reducing waste but potentially resulting in delays
in administration.®

Adherence to institutional guidelines. VKA-related bleeding
should be managed according to institutional protocols based
on international and expert guidelines that consider the urgency
of the clinical situation, assessment of coagulation (location,
extent, and severity of bleeding), laboratory testing, reversal
agent selection, and dosing strategy.>®'* Despite the life-
threatening consequences of acute bleeding, not all EDs have
internal protocols guiding anticoagulant reversal,’® potentially
resulting in poor attainment of target INRs and hemostasis.
Implementation of an institutional protocol involving 4F-
PCC, accompanied by an education program for the clinical
team to align reversal strategies,”® has the potential to reduce
door-to-needle times.”"”* This should translate to improved
INR reversal and decreased mortality,”* as well as potentially
reduced use of FFP.”

Discussion

Life-threatening VK A-related bleeding or VKA reversal prior
to urgent surgery requires emergency treatment, which can be
treated via withholding VKAs, and administering 4F-PCC with
vitamin K. Controlled clinical trials of 4F-PCC dosing and
administration practices in patients with life-threatening
VKA-related bleeding are challenging because of difficulties
obtaining patient consent in emergency situations where delays
cost lives. A consensus on optimal practices is therefore
informed by real-world 4F-PCC use, ranging from expert opi-
nions to anecdotal case studies and retrospective reviews.
Indeed, most of the studies identified in our literature search
are retrospective and observational in nature. While limited,
current literature generally supports fixed dosing,'****%"* with
rationale centered on the critical time saved by eliminating
weight- and INR-based calculations, and the potential cost-
effectiveness of a fixed-dosing approach.*'’* A comprehensive
review of fixed dosing studies published from the earliest avail-
able date in PubMed through 2018, with doses ranging from
200 to 2000 IU, supported a fixed-dose strategy of 1000—1500
IU. However, higher doses may be needed to treat ICH or a
higher baseline INR.”” Nevertheless, in the absence of an ideal
dose suitable for all, variable dosing per label instructions is
preferred by many institutions.

An important limitation of many studies to date is the use of
INR as a surrogate marker of VKA reversal as a key efficacy
endpoint. A direct measure of clinical hemostasis/bleeding ces-
sation may be a more clinically relevant outcome. Furthermore,
with inconsistent definitions of successful clinical outcomes
and safety endpoints, questions remain regarding the minimum
effective and maximum tolerable 4F-PCC doses, which respec-
tively carry risks of under- and over-dosing. The ongoing
PROPER3 study, a randomized controlled trial comparing
fixed vs variable doses of 4F-PCC using hemostatic efficacy
as the primary endpoint and INR reversal as the secondary, will
hopefully provide further information on the efficacy and
safety of these dosing regimens.”®

In addition, further studies are needed to adequately assess
the importance of pre-treatment INR for determining 4F-PCC
dose, complemented by studies into alternative algorithms and
means of individualized dosing. Furthermore, outcomes of
large safety and efficacy re-dosing studies are needed to vali-
date a repeat-dose approach, given the narrow margin between
the therapeutic and adverse effects of 4F-PCCs.

Time to treatment is also a key determinant of successful
INR reversal and patient outcomes, and can be expedited by
pre-hospital administration by mobile units or emergency ser-
vices, and improvements in hospital logistics.’®¢*** Logistical
improvements could include point-of-care INR testing,*® clini-
cally appropriate administration of 4F-PCCs by ED doctors or
pharmacists,*>7*¢! and adopting strategies to improve 4F-
PCC access.” Implementation of institutional guidelines
endorsing autonomous verification and dispensing of 4F-
PCCs are associated with better patient outcomes, including
INR reversal and hemostasis control,*>"> as are guidelines
providing clear recommendations on 4F-PCC dosing and
administration practices, even if guidance contravenes label
recommendations.*?

In the opinion of authors, minimizing the time to treatment
with 4F-PCCs is of paramount importance when treating
patients with VKA-related bleeding. Practices that safely and
feasibly shorten the time to administration should be included
in guidelines for institutions responsible for anticoagulant care,
and in centers that perform invasive procedures on patients
receiving VKA therapy.

In summary, there are various key determinants contributing
to successful INR reversal, hemostasis, and outcomes in
patients receiving 4F-PCC to rapidly reverse VKA-related
bleeding. These include appropriate use of alternative dosing
and administration strategies (such as fixed dosing and
increased infusion speed), adherence to institutional guidelines,
and removing significant institutional barriers impacting time
to treatment. Clinicians wishing to optimize utilization of 4F-
PCC for VKA reversal via any of these strategies will hopefully
find the results presented here to be of interest.
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