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ABSTRACT

Background: The reversal of warfarin in emergency haemorrhage situations is critical for maintaining patient
survival. This review evaluates whether four-factor PCC is superior in INR correction and safety when compared
with three-factor PCC. Given inconsistent evidence and limited direct comparisons, a meta-analysis was conducted
to assess INR reversal, thromboembolic outcomes, and mortality.

Study design and method: This systematic review follows PRISMA guidelines to compare three-factor and four-
factor PCC for warfarin reversal in emergency haemorrhagic situations. Literature was gathered from PubMed,
Scopus, Google Scholar and Embase, then screened using pre-defined eligibility criteria. Analyses were conducted in
Review Manager using mean INR change and risk ratios for thromboembolic and mortality outcomes.

Results: From 3,536 literature articles identified from the aforementioned databases, seven retrospective US-based
studies met eligibility criteria. The study periods ranged from 2007 to 2015 and primarily assessed INR reversal and
thromboembolic outcomes. Study quality was evaluated using the STROBE checklist. The data was analysed and
forest plots for mean INR change, thromboembolic outcomes and mortality were generated.

Conclusion: The use of four-factor PCC was statistically significant in reducing the INR in warfarin-treated patients
experiencing haemorrhage when compared to the use of three-factor PCC. Fourfactor PCC showed a greater INR
reduction. There was no significant difference observed in both thromboembolic or mortality outcomes between
the two groups. However, given the smaller patient populations in the included studies, further research with larger

cohorts is warranted to confirm these findings.
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INTRODUCTION

The haemostatic balance between the physiological processes of
coagulation and anticoagulation is a crucial and delicate system
designed to allow clot formation when needed to prevent bleeding,
and prevention of inappropriate clot formation when it is not
required. For some individuals predisposed to blood clots, Deep Vein
Thrombosis (DVT) and strokes or have atrial fibrillation or artificial
heart valves, warfarin, a competitive antagonist of VKORCL , is used
to inhibit the conversion of vitamin K 2,3-epoxide back to the active
vitamin K hydroquinone, and prevents the synthesis of the vitamin K
dependent coagulation factors [1]. Consequently, this inhibition of the
reduction of Vitamin K 2,3-epoxide leads to the decrease of clotting

ability that is seen in warfarin treated patients. Since the approval of
dabigatran in 2010, Direct Oral Anticoagulants (DOACs) have begun
to surpass warfarin as they do not require close blood monitoring and
have fewer interactions with certain food and medications. A study
looking at DOAC wversus warfarin use in England between 2014 to 2019
showed DOAC prescription increasing from 9% to 74% and a decline
in warfarin from 91% to 26% [2]. A similar study in the US between
2011 and 2020 showed increases of DOAC use for treatment of atrial
fibrillation increase from 4.7% to 47.9% and a decline in warfarin from
52.4% to 17.7% [3]. While this decreasing trend is noted, warfarin is
still the preferred anticoagulant in certain patient populations, such as
those with triple-positive antiphospholipid syndrome, valvular atrial
fibrillation, prosthetic cardiac valves, VTE treatment (+/- cancer)
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and afib with moderate to severe mitral stenosis or mechanical heart
valves [4]. This is why, although there is an overall decrease in usage,
emergency correction of warfarin-induced anticoagulation remains an
important medical issue.

Current reversal strategies

Bleeding in patients on warfarin can be life threatening. The 30-day
mortality of presentations to emergency with warfarin associated major
bleeding is 1 in 10, with intracranial haemorrhage resulting in the
largest number of associated deaths, closely followed by gastrointestinal
bleeds [5]. In these situations, prompt reversal is required and are
monitored by the International Normalised Ratio (INR). Though
there are no official guidelines that define the ideal target INR, research
indicates that most studies aim for a postreversal INR of 1.5 and 1.3.
There are a variety of methods of reversal based on severity of
bleeding and include vitamin K replacement, use of Fresh Frozen
Plasma (FFP) to replace coagulation factors, recombinant factor
VII and the use of Prothrombin Complex Concentrates (PCCs).
In emergent haemorrhage situations, the preferred method of
of reversal is either FFP or PCCs. Studies comparing FFP to

to PCCs have shown that, in comparison to FFP, PCCs have a

significantly more rapid INR correction in a significantly shorter
time frame [6]. PCCs achieve reversal by replacement of coagulation
factors and, additionally, are preferred over FFP due to their small
volume, minimisation of viral transmission through viral inactivation
and reduced risk of clinically adverse outcomes such as Transfusion
Associated Circulatory Overload [7]. By bypassing their synthesis and
directly supplying the vitamin K dependent coagulation factors into
the blood, the blocking of VKORCI by warfarin is rendered obsolete
and the clotting cascade can be activated to inhibit haemorrhage.

Four-actor PCC compared to threefactor PCC

There are currently two types of PCC on the market that are utilised in
the reversal of warfarin: Threefactor PCC and fourfactor PCC. Prior
to the FDA approval and implementation of fourfactor PCC in the
United States of America in 2013 and in the European and Canadian
market in 1996, threefactor PCC was used offlabel in America,
Canada and Europe for the emergency reversal of warfarin with no
specific dosing guidelines available [8], while in Australia warfarin
reversal using threefactor PCC is approved.

Though both threefactor and fourfactor PCC contain high
concentrations of the vitamin K dependent coagulation factors 1I,
IX, and X, fourfactor PCC additionally contains VII, as well as the
antithrombotic protein S and protein C [7]. with administration of
threefactor PCC, it is recommended to administer FFP concurrently
to see an increase in factor VII, which is not required when fourfactor

PCC is administered [9].
Scope of review

Current literature focuses on dosage regimes of threefactor PCC or
fourfactor PCC independently without comparison between each, but
few have compared their efficacy and safety directly. There is a need for
a systematic review and meta-analysis to assess whether there are better
patient outcomes when fourfactor PCC is administered over three-
factor PCC, and whether there is any change in adverse outcomes.
This review will aim to evaluate the differences in current literature
comparing fourfactor PCC and threefactor PCC in the level of
successful INR reduction. Additionally, literature shows that warfarin
reversal with PCCs has been associated with thromboembolic events,
but it is thought that the inclusion of protein C and S in fourfactor
PCC acts as a protective agent against thrombosis. With this in mind,
we aim to evaluate adverse thromboembolic outcomes experienced
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by patients and compare if there is statistical significance between
threefactor PCC or fourfactor PCC and thromboembolic events post
treatment [10].

Rationale for meta-analysis

While current guidelines recommend fourfactor PCC over threefactor
PCC for the reversal of warfarin, there is a noticeable lack of research
comparing the efficacy or the adverse outcomes of the two directly [11].
The variation in INR correction strategies, dosing regimens, on- and
offlabel use, and the selection of either three-factor PCC or fourfactor
PCC are all areas of debate and, coupled with inconsistencies across
published studies in terms of safety and clinical efficacy between the
two options, a meta-analysis of the available evidence is warranted.
The Patient or Problem, Intervention, Comparison and Outcome
(PICO) framework facilitated the construction of the primary research
question: in patients who require emergent warfarin reversal due to
haemorrhage (population), does fourfactor PCC (intervention) reduce
INR quicker with less adverse effects (outcome) when compared to the
use of three-factor PCC (comparison)? This study aims to systematically
address this research question by comparing the level of INR reversal
and thrombotic adverse effects (DVT, Pulmonary Embolism (PE),
Myocardial Infarction (MI), stroke, e.g.,) mortality, following infusion
for emergent warfarin reversal of 3factor PCC wversus 4-factor PCC.

MATERIALS AND METHODS
Study design

This systematic review was conducted following PRISMA guidelines
to obtain relevant articles that directly compare threefactor PCC and
fourfactor PCC, and whether there are any thromboembolic events
postuse [12].

Search strategy

Searches for eligible literature were conducted through the following
databases: PubMed, Scopus, Google Scholar and Embase. Key search
terms included “4F-PCC” AND “3F-PCC”, “4factor prothrombin
AND  “3factor
concentrate”, “Beriplex”, “Prothrombinex”, “Vitamin K dependent

complex concentrate” prothrombin  complex
concentrate”, “prothrombin complex concentrates” and “prothrombin
complex concentrates comparison.” To ensure complete coverage of all
terms used, both the numerical symbol and word for numbers were
used when relevant. These searches were conducted without restrictions
on publication date. No articles were added to the collection through
manual search. Articles were retrieved from their respective database
and saved into EndNote.

Eligibility criteria

From EndNote, the collection was imported into Covidence, where
duplicates were removed. Articles were excluded based on title and
abstract screening, then assessed for eligibility. Articles were considered
eligible if they offered a direct comparison in clinical outcomes when
threefactor PCC and fourfactor PCC were used, the patients were
being treated with warfarin, and if they provided insight into adverse
thromboembolic events postPCC use. Observational studies,
including both prospective and retrospective cohort studies, were
considered eligible for inclusion. Articles were excluded from the
collection if they were irrelevant to the research question, systematic
review/meta-analysis or review, did not offer a direct comparison
between threefactor PCC and fourfactor PCC, if the comparator was
to FFP, or if they lacked specification of the PCC used. Additionally,

studies inaccessible to the public, conference abstracts, letters, and
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short communications on this topic were excluded.
Participants, interventions and comparators

The “Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE)” checklist was used to assess the quality of
the eligible studies [13].

Outcomes

Studies that provided pretreatment INR, posttreatment INR from
both threefactor PCC and fourfactor PCC arms were considered
eligible for inclusion. Studies were required to outline that the patients
were pretreated with warfarin and experiencing a haemorrhage,
requiring warfarin reversal. Additionally, studies were eligible for
inclusion if they reported thromboembolic events posttreatment with
PCCs and reported mortality events for each treatment group.

Data extraction

Data was extracted from the eligible studies and included the primary
author, publication year, study design, study period, country of
study, sample size, and the parameters measured in each study. The
parameters that were used for this meta-analysis were the number of
participants, the mean pretreatment INR, the mean post-treatment
INR, the mean change in INR and the number of adverse effects and
mortality events for both the threefactor and four-factor PCC groups.

Statistical analysis

To conduct this meta-analysis, ReviewMan software was downloaded
from the Cochrane Website [14]. For the INR reversal investigation, a
comparison of the change in means calculated from published mean
pre- and postINR results for each article was used. For the inquiry
into thromboembolic events and mortality events, a risk difference
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analysis was used. The data for each were presented as a forest
plot, which included the overall Pvalue, 95% confidence intervals
and heterogeneity scores. For this meta-analysis, a Pvalue<0.05 is
considered statistically significant.

RESULTS

Study selection

The study selection process is outlined in (Figure 1). The database
search revealed 3536 potential studies (Pubmed, n=1628; Scopus,
n=816; Embase, n=643; Google Scholar, n=449). Duplicates (manually
and automatically) and ineligible studies identified by automation
tools were removed by Covidence software, leaving 954 studies. Title
and abstract screening then removed 908 studies considered irrelevant
to the research question, leaving 46 for retrieval. All 46 studies were
retrieved, of which 39 were removed due to incorrect study design,
lack of full text, incorrect comparator group, incorrect outcomes
measured, incorrect indication, incorrect intervention, or incorrect
patient population. A total of 7 studies matched the eligibility criteria
and were included in the meta-analysis.

Characteristics of included studies

The characteristics of the seven included studies are summarised in
(Table 1). All seven studies in this meta-analysis are retrospective in
design, and all gathered data from the United States of America. The
study periods of the included studies ranged from August 2007 to
August 2016. All included studies’ primary outcome was the level of
INR reversal, with a goal ranging between 1.3-1.5, after treatment with
either three-factor or fourfactor PCC in patients who are being treated
with warfarin, with six also focusing on thromboembolic effects.
Sample sizes of the included studies ranged from 53 to 195 [15-17].

[ Identification of studies via databases ]

5 Records identified (n = 3536):
= PubMed (n = 1628)
g Scopus (n = 816)
c Embase (n = 643)
8 Google Scholar (n = 449)
— : .
— ‘
Records screened
(n =954)
Reports sought for retrieval
_E (n=46)
c 3
: v
@
Reports assessed for eligibility
(n=46)
-
- Studies included in review
% (n=7)

Figure 1: PRISMA flow diagram illustrating the study selection process from database to included studies, showing the studies excluded at each of

the screening stages.

| (n=908)

Records removed before screening:
Duplicate removed manually (n
=5)

Duplicates identified by
Covidence (n = 1483)
References marked asineligible
by automation tools (n = 1094)

Studies irrelevant

Studies excluded:
Wrong study design (n =21)
Full text not available (n = 6)
Wrong comparator (n = 4)
Wrong outcomes (n = 3)
Wrong Indication (n = 3)
Wrong Intervention (n=1)

Wrong patient population(n= 1)
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Table 1: Overview of eligible study characteristics of the seven studies included in this review.

Sample size

Sample size

Primary outcome Other outcomes

Primary author Study design Country Study period total included measured measured
(excluded)
. August 2012 to . Change in INR from
AlMajzoub, et al Single centre, United States January 2013 for Warfarin reversal pretreatment INR
! " retrospective cohort | 3.PCC, August 91 53 (38) defined as INR of 1.3 . L
2016 (9] ] of America survival to hospital
analysis 2013 to January or less disch
2014 for 4PCC ischaree
Single-site March 2011 Efficacy at reversing
Barton, et al. & esItE, United States INR to <1.4 upon Complications post-
retrospective cohort ) through to 565 195 (370)
2018 [18] of America repeat INR check after reversal
study August 2016 .
PCC admission
Percent of patients
Multicentre, ..
Jones, et al. 2016 retrospective, United States January 1 2012, achieving INR equal Thrombotic events
8] itvematched £ Ameri through to April 248 148 (100) to or less than 1.4 at ¢ treatment
pmpeirl‘s t“gt ZC e ofAamerica 152015 initial follow up INR post treatme
priot Study after PCC admission.
January 1st 2013
through to 31 Percentage of patients
Sinele centr may 2014 for 3F- achieving an INR Thromboembolic
Kuroski, et al. gle centee, United States ~ PCC, June 1 reversed to equal to  events within 7 days
retrospective cohort . 144 137 (7) L o
2017 [15] ud of America 2014 through to or less than 1.5 within  post-PCC (incidence),
SECY September 15 8 hours of PCC all-cause mortality
2015 for 4F-PCC administration
) January 2010 Successful INR reversal Adverse trearment
Mangram, et al. . United States ! effects (any
Retrospective study ; through to 64 64 (0) defined as less than 1.5 .
2016 [16] of America thromboembolic
October 2014 post PCC .
complication).
. ) August 29, 2007 The goal INR of equal Thromboembolic
Margraf, et al.  Retrospective cohort United States to or less than 1.5
; through to June 171 80 (91) o . Events (TE), death
2020 [17] study of America 30, 2014 after administration of Jurine hosoital st
’ PCC3 or PCCH4. Uring hospitat stay
Multicent Compare threefactor Mortality
Holt, et al. 2018 v 1c.er1 e United States May 2011 through PCC versus 4 factor (incidence), new
retrospective cohort : 134 134 (0) . . ;
[19] study of America  to October 2014 PCC in patients on thromboembolism

warfarin within 7 days post-pcc

Assessment of study quality

The seven included studies were assessed using the STROBE checklist,
as shown in (Table 2). The selected STROBE criteria were mainly
fulfilled. Noticeably, the majority of the studies did not explain how
they arrived at their study size [8,9,15-19].

Meta-analysis

Data extracted from the eligible studies are included in (Table 3). For
studies that presented data as median and IQR, estimates of the mean
and standard deviation were calculated and reported in (Table 3) [13].
This data was used to perform the meta-analysis, resulting in forest
plots for the mean change in INR pre- and post-treatment with either
threefactor or fourfactor PCC, and for thromboembolic adverse
effects experienced postwarfarin reversal with either threefactor or
fourfactor PCC. Mortality events were presented as the number of
mortality events over the total of participants in each group. These
forest plots, along with the risk of bias, are shown in (Figure 2).

INR reversal

In this meta-analysis, 515 patients were treated with threefactor PCC,
and 362 patients received four-factor PCC. The overall mean difference
in INR was -0.65 with a 95% CI [-0.97, -0.34] with a P=0.0001 (Figure
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2A). This demonstrates a statistically significant reduction in INR,
favouring fourfactor PCC. These findings suggest that the use of four-
factor PCC for emergent warfarin reversal provides a more rapid and
effective reversal when compared with three-factor PCC. However, the
heterogeneity of the analysis is exceptionally high, with an 12=100%.

Incidence of thromboembolic events

The assessment of thromboembolic outcomes revealed that 23 of
the 396 patients in the threefactor PCC group experienced a post-
treatment thromboembolic event, compared with 13 of 262 patients
in the fourfactor PCC cohort (Figure 2B). The calculated Risk
Difference (RD) was 0.1, indicating a slight reduction in risk with
the use of the fourfactor PCC. The 95% CI is [-0.06, 0.04], which
encompasses the null value; therefore, this difference is deemed not
statistically significant. This finding suggests that the use of four
factor PCC does not significantly increase or decrease the risk of post-
treatment thromboembolic events relative to threefactor PCC, or vice
versa, as the difference in risk is only 1%. The heterogeneity score, 12,
is 0.41, indicating that 41% of the variation in the results is due to
differences across studies.

Incidence of mortality outcomes

The assessment of mortality outcomes revealed that 103 deaths

4
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occurred in the threefactor PCC and 68 deaths occurred in the four
factor PCC group (Figure 2C). The calculated Risk Difference (RD)
for comparing mortality between the fourfactor PCC and threefactor
PCC groups was -0.03, indicating a slight reduction in mortality with
the use of fourfactor PCC. The 95% CI is [0.07, 0.00], which does

OPEN aACCESS Freely available online

not encompass the null value; therefore, the difference is not deemed
statistically significant. Reinforcing this, the diamond touches the
line of no effect, further indicating that the result is not statistically
significant. The heterogeneity of these results, 12, was very low at 3%,
indicating that the results across studies were highly similar.

Table 2: Evaluation of eligible studies as per the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist.

Methods Results Discussion . Other‘
information
Describes ) . D,i SCL}SS Give the
settings Revort Report Summarise  limitations source of
Kev el s locati il Exolain h i ¢ Give reasons  numbers key results  of the study, fundi
¢y elements —focations, Xplamh how - number o for non- for outcome with considering unding
Study of study relevant  the study size individuals at .. and the role
design early dates, follow- was arrived at each stage of participation  events or reference sources of of funders
u a;l d data the stud at each stage ~ summary to study potential resent in the
P lecti v measures objectives bias or P cud
cotfection imprecision study.
Al-Majzoub, .
et al. 2016 [9] Y Y N Y Y Y Y Y Y
Barton, et al. v v N v v v v v v
2018 [18]
Jones, et al.
2016 (8] Y Y N Y Y Y Y Y Y
Kuroski, et al.
2017 [15] Y Y N Y Y Y Y Y N
Mangram, et
al. 2016 [16] Y Y N Y Y Y Y Y Y
Margraf, et al.
2020 (17 Y Y N Y Y Y Y Y Y
Holt, et al.
2018 [19] Y Y Y N N Y Y Y Y
Table 3: Overview of eligible study data of the seven studies included in this review.
ThreeAfactor PCC FourAfactor PCC
Mean
Mean pre- post-treat- Mean Mean pre- Mean post- Mean
Total Number treat- ment change in Adverse Mortality Number treat- treatment change in Adverse Mortality
Study  partic- tie- ment INR INR for INR* effects events tie- ment INR INR for INR* effects events
ipants 7 3PCC_ 3PCC Mean (%)  n%) PO 4PCC  4PCC - Mean  n(%)  n(%)
P Mean (SD  Mean  (SD) P Mean (SD) Mean (SD)  (SD)
(SD)
Holt, et
’ 1.4 -2.21 o 16 1.25 5.62( o 10
al.[1290]18 131 74 3.61(£2.3) (£027) (% 2.18) 2 (2.7%) (21.4%) 57 6.87 (+2.3) (£033)  2.15) 2 (3.5%) (17.1%)
Mangram, 15 21
etal. 2016 61 43 3.1(+2.3) 1.6(£0.6) : 7(16.3%) 2 (4.34%) 18 34(£3.7) 1.3(0.2) : 0 2 (11.1%)
(16] (£2.07) (£3.61)
Al-
Mazoub 5335 25(:06) 14(202) ( ;16153) 2(5.7%) 4(114%) 18 3.2(+1.6) 12(+0.0) 2+155 0  1(5.55%)
(9]
Barton, et
! 2.93 0.83 2.1 o o 1.23 -1.4 o o
al.[1280]18 195 118 (£0.009) (£0.002)(+ 0.0082)3 (2.54%) 4(3.38%) 77  2.63(=x0.12) (£0.002) (+0.119) 5(6.5%) 0(0%)
Margraf,
’ 1.73 -1.27 o 373 (= 1.33 2.4 o 8
2oeztoa;i7] 80 5T 3(£0.026) ;5 0065)( + 0.0234)° E8%) 14Q475) 23 0.07)  (£0003) (£0.0726) > ®7%) (34.85%)
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Kuroski, et al.

7.91 1.7 -6.21 o 24 8.03 1.37 -6.66 o 13
07151 BT 8 (Lo19) (20016 (£0.1839) YO0 5530 0 (s0183) (£0.009) (£0.179) 58P (1589
Jones, et Unmat Unmat-
AL 2016 220 ched 2.71 1.3 -1.47 26 (31.05) ched 3.27 1.23 -2.04 8 .
) Cogort (£0.011) (+0.002) (+0.0102) e (£0.0278) (£0.00347) (£0.0262) (28.15%)
4
Matched Matched
cohort 297 1.3 -1.67 13 cohort 3.1 1.2 -1.9 116
36 (+0.035) (£0.002) (+0.0341) (34.2%) 36 (+£0.0370) (+0.00412)( +0.0351 (42.1%)
A Four=Factor PCC Three=Factor PCC Mean Difference Mean Difference Risk of Bias

Heterogeneity: Tau® = 0.16; Chi’ = 5986.03, df = 7 (P < 0.00001); I = 100%
Test for overall effect: Z = 4.06 (P < 0.0001)

Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel {perfarmance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Four-Factor PCC  Three-Factor PCC

Study or Subgroup Mean SD Total Mean SD  Total Weight 1V, d 95% Cl 1V, Random, 95% CI
Al-Majzoub et al, 2016 (9) =2 L.55 18 -1.1 0.53 35 8.5% -0.90 [-1.64, -0.16]

Barton et al, 2018 (18) -1.4 0.199 77 -2.1 0.0082 118 16.1% 0.70 [0.66, 0.74] .

Holt et al, 2018 (19) -562 2:15 57 -2.21 2.18 74 B.4% -3.41[-4.16,-2.66] ——

Jones et al, 2016 (8) - Matched Cohort -19 0.0351 36 -1.67 0.0341 36 16.1% -0.23 [-0.25, -0.21] .

Jones et al, 2016 (8) - Unmatched Cohort  -2.04 0.0262 64 -1.47 0.0102 84 16.1% -0.57[-0.58, -0.56] -

Kuroski and Young, 2017 (15) -666 0.179 69 -6.21 0.183 68 16.0% -0.45[-0.51,-0.39] L

Mangram et al, 2016 (16) =2:1 3.61 18 1.5 207 46 2.6% =0.60[-2.37, 1.17] -
Margraf et al, 2020 (17) -2.4 0.0726 23 -1.27 0.0234 57 16.1% -1.13[-1.16, -1.10] el

Tortal (95% CI) 362 518 100.0% -0.65 [-0.97, -0.34] -

Risk Difference

o Y + t
Favours Four-Factor PCC Favours Three-Factor PCC

Risk Difference

Risk of Bias

Test for overall effect: Z = 0.48 (P = 0.63)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allacation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G} Other bias

administration (B) and mortality (C).

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl| ABCDEFG
Al-Majzoub et al, 2016 (9) 1 18 4 35 5.8% -0.06 [-0.21, 0.09]
Barton et al, 2018 (18) 0 77 4 118  64.9% -0.03 [-0.07, 0.00]
Holt et al, 2018 (19) 10 5 16 74 6.9% -0.04 [-0.18, 0.10] =l
Jones et al, 2016 (8) - Matched Cohort 16 36 13 36 2.6% 0.08 [-0.14, 0.31] e
Jones et al, 2016 (8) - Unmatched Cohort 18 64 26 84 5.9% -0.03 [-0.18, 0.12] e
Kuroski and Young, 2017 (15) 13 69 24 68 6.0%  -0.16 [-0.31, -0.02] o
Mangram et al, 2016 (16} 2 18 2 46 5.3% 0.07 [-0.09, 0.22] —frr—
Margraf et al, 2020 (17) 8 23 14 57 2.6% 0.10 [-0.12, 0.33] —tr——
Total (95% CI) 362 518 100.0%  -0.03 [-0.07, 0.00] ¢
Total events 68 103
Heterogeneity: Tau® = 0.00; Chi® = 7.25, df = 7 (P = 0.40); I* = 3% 1 -CL 5 ) 0'5 1
Test for overall effect: Z = 1.68 (P = 0.09) Favours Four-Factor PCC Favours Three-Factor PCC
R f bias |
(A} Random sequence generation (selection bias)
(B) Allocation concealment {selection bias)
(C) Blinding of participants and personnel {performance bias)
(D} Blinding of outcome assessment (detection bias)
{E} Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
C Three-Factor PCC  Four-Factor PCC Risk Difference Risk Difference Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Randem, 95% Ci M-H, Random, 95% CI ABCDEFG
Al-Majzoub et al, 2016 (9) 0 18 2 35 12.7% -0.06 [-0.17, 0.05] =l
Barton et al, 2018 (18) 5 T 3 118 24 .4% 0.04 [-0.02, 0.10]
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Figure 2: Forest plots of meta-analysis. (A) The effect of the administration of three-factor or fourfactor PCC and the level of INR reversal from
pre-treatment to post-treatment in patients, the effect of the administration of threefactor or fourfactor PCC on thromboembolic events post-
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DISCUSSION

This meta-analysis evaluated whether fourfactor PCC is clinically
superior to threefactor PCC for warfarin reversal in emergency
haemorrhage situations. There was a statistically significant difference
in INR reversal, favouring the use of fourfactor PCC. The difference
in thromboembolic events or mortality between the two groups were
not statistically significant and showed no superiority to one group.

INR reversal

The INR reversal suggests substantial variation in the effect sizes in
this study. Contributing factors likely include differences in patient
populations across the included studies, variation in baseline INR,
natural variation in patients, and discrepancies in dosing strategies
between threefactor and fourfactor PCC and between hospitals and
studies. Despite this variability, the consistent direction of effect across
studies indicates that fourfactor PCC is more effective for achieving
greater INR reversal in emergent warfarin reversal situations than

threefactor PCC.
Incidence of thromboembolic events

The study by Mangram et al had the highest number of adverse effects
among the included studies for the threefactor PCC, while also
reporting the fewest for the fourfactor PCC [16]. Barton et al is the
only study to report more adverse effects in the four-factor PCC group
than in the threefactor PCC group, whereas all other studies showed
a slight decrease. Overall, the majority of the included studies show a
similar incidence of thromboembolic in each of the threefactor PCC
and fourfactor PCC groups. Previous literature had hypothesised
that the fourfactor PCC may have protective effects against adverse
thromboembolic events due to its inclusion of factor VII and the
antithrombotic proteins S and C. This hypothesis was not seen in this
current study.

Incidence of mortality outcomes

Overall, the meta-analysis result suggest that there is no statistically
significant difference in mortality events between the fourfactor
PCC and threefactor PCC groups. It is worth noting that detailed
reporting on mortality was limited across the studies, with only
Margraf et al providing details into the deaths, attributing all reported
deaths to bleeding, likely due to inadequate warfarin reversal while
haemorrhaging.

Comparison with prior meta-analyses

Through database searching, two previous meta-analyses comparing
threefactor PCC and fourfactor PCC in warfarin reversal were
identified. The analysis by Voils and Baird published in 2014, which I
believe to be the first published meta-analysis on this topic, evaluated
the proportion of patients that achieved an INR < 1.5 within one hour
of PCC administration [20]. However, it did not assess or address
mortality or thromboembolic events. This meta-analysis concluded that
four-factor PCC was more effective at achieving a rapid INR correction
when compared with threefactor PCC. The analysis by Margraf et al
published in 2024 examined the effectiveness of their included studies
in achieving the study-defined INR goal following the administration
of either threefactor or fourfactor PCC [21]. This study also included
secondary outcomes examining thromboembolic events and survival
during the hospital stay. The primary and secondary outcomes of this
analysis were similar to those discussed in this study. However, this
study assessed mean INR reversal rather than whether INR reversal to
their predetermined INR level was achieved, and it focused on patient

] Blood Disord Transfus, Vol.16 Iss.6 No:1000635

OPEN aACCESS Freely available online

survival, whereas this study focuses on mortality. Additionally, this
meta-analysis is similar to the reporting in the current study, which also
used forest plots with heterogeneity measures. The analysis by Margraf
et al concludes that the use of fourfactor PCC for warfarin reversal
increased patients' odds of achieving the target INR by three times
compared with those who received threefactor PCC. The secondary
outcomes align with the current study as there was no statistically
significant difference in thromboembolic events or hospital survival
rates [21].

LIMITATIONS

This study was not without limitations. One major limitation of this
meta-analysis is the inclusion of all retrospective studies, which are
inherently prone to selection bias, as the allocation of treatment groups
and patient inclusion in the study are determined by clinical judgement
rather than random allocation. Additionally, these studies rely on
existing medical records, of which may be incomplete, inconsistent or
contain missing data. Furthermore, retrospective studies tend to have
different study designs, patient populations and outcome/endpoint
definitions. These differences likely contributed to the heterogeneity
score in this meta-analysis. The absence of prospective trials increases
the risk of publication bias, as studies with inconclusive or negative
results may not have been reported. Additionally, unequal sample
sizes and mortality outcomes that were not characterised in detail were
present. For instance, Holt, et al. calculated that a total of 266 patients
(133 per arm of the study) would be required to achieve statistical
significance; however, the study ultimately only included 124 patients
(77 and 57 per group).

CONCLUSION

This systematic review reveals statistically significant evidence for the
use of fourfactor PCC for warfarin reversal, as measured by INR
correction, in emergency haemorrhage situations, compared with
threefactor PCC. Fourfactor PCC showed an increased level of INR
reduction for warfarin reversal. The data has also revealed that there
is no statistically significant difference in the level of thromboembolic
events post-treatment or mortality outcomes between the use of three-
factor and fourfactor PCC. However, with the included studies’
smaller patient populations, there is scope for further research with
larger cohorts to investigate this further.
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