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Abstract

Background Swift reversal of oral anticoagulation is deemed essential for the outcome of patients with anticoagula-
tion-related critical bleeding. The aim of this systematic review was to evaluate the benefits and harms of prothrom-
bin complex concentrate (PCC) in patients with oral anticoagulants-related critical bleeding.

Methods For this systematic review CENTRAL, MEDLINE, Embase, LILACS, BIOSIS, Web of Science, and clinical trial
registries were systematically searched. Clinical study reports were also requested from competent authorities.
Eligible for inclusion were randomised clinical trials comparing PCC versus no intervention, placebo, or other rever-
sal interventions in participants with critical bleeding related to ongoing treatment with vitamin K antagonist (VKA)
or direct oral anticoagulants (DOAC). Pre-specified primary outcomes were all-cause mortality, health-related quality
of life, and serious adverse events for which meta-analyses, Trial Sequential Analysis, and GRADE assessments were
conducted.

Results Three trials, randomising a total of 291 participants, evaluated PCC against two different active comparators
in participants with VKA-related critical bleeding, and two trials, randomising a total of 534 participants, evaluated PCC
against two different active comparators in participants with factor Xa-related critical bleeding. Among participants
with VKA-related critical bleeding, meta-analyses showed no evidence of a difference between PCC versus fresh fro-
zen plasma (FFP) when assessing all-cause mortality (risk ratio [RR] 1.05; 95% confidence interval (Cl) 0.27 to 4.05; low
certainty), health-related quality of life (mean difference 1.04; 95% Cl —0.94 to 3.02; very low certainty), and serious
adverse events (RR 1.33;95% Cl 0.94 to 1.88; very low certainty), but information is currently sparse. Among partici-
pants with factor Xa-related critical bleeding, PCC could not be shown superior or inferior to other reversal strategies
(FFP or andexanet alfa) on any patient-relevant outcome, but information is currently sparse.
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Conclusion Among participants with VKA or DOAC-related critical bleeding, evidence from randomised clinical
trials is currently insufficient to establish if PCC is superior or inferior versus other interventions in decreasing the risk
of undesirable patient-relevant outcomes or improving health-related quality of life.

Keywords Prothrombin complex concentrate, Anticoagulants, Vitamin K antagonist, Direct oral anticoagulants,

Bleeding, Systematic review

Introduction
The use of oral anticoagulation treatment is increas-
ing [1-3]. A major concern when administering oral
anticoagulants to patients is the risk of critical bleed-
ing and especially the risk of intracranial haemorrhage.
Until 2008, the only option for oral anticoagulation
treatment was vitamin K antagonists (VKA) [4]. Dur-
ing the last two decades, direct oral anticoagulants
(DOACs) have replaced VKA as first-line therapy
within several indications, e.g. non-valvular atrial
fibrillation [1, 3, 5]. Even if DOACSs are used increas-
ingly, the use of the older drug-class of VKA is not
expected to be phased out within the foreseeable
future due to a number of unique indications (e.g.
prosthetic heart valves) necessitating its use [3-6].
Randomised clinical trials have indicated that the
incidence of critical bleeding events is generally lower
among patients taking DOAC compared with VKA [7,
8], but the absolute risk of critical bleeding in indi-
viduals treated with DOAC is still far from neglectable
with an estimated event rate of 2 to 4 events per 100
person years [9-13]. As the number of patients being
prescribed anticoagulation treatment increases [1-4],
clinically beneficial methods for swift reversal of anti-
coagulation treatment seem essential for patient safety.
Prothrombin complex concentrate (PCC) is a con-
centrate of coagulation factors II, IX, and X (3-factor
PCC) or II, VII, IX, and X (4-factor PCC) [14]. The
concentration of coagulation factors in PCC is approx-
imately 25 times greater than in human plasma [14].
In addition, activated PCC containing enhanced levels
of activated coagulation factors has been developed
[15]. Guidelines from European and American medical
societies [16—19] recommend using PCC to reverse the
effect of VKA based on data from randomised clinical
trials [20-22]. Guidelines [16-19, 23, 24] and expert
opinions [25, 26] also recommend PCC to reverse the
anticoagulating effect of DOAC, if specific antidotes
cannot be procured. We conducted an extensive sys-
tematic review of randomised clinical trials assess-
ing the effect of PCC versus placebo, no treatment,
or other treatment strategies in patients with critical
bleeding events while undergoing treatment with VKA
or DOAC.

Methods

This systematic review was conducted and reported in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis guidelines (PRISMA)
[27] and the Cochrane Handbook of Systematic Reviews
of Interventions [28]. Prior to the systematic literature
search, this review was registered at the International
Prospective Register for Systematic Reviews (PROS-
PERO) (CRD42018084371), and the review protocol was
peer-reviewed and published [29].

Study selection

Eligible for inclusion were randomised clinical trials com-
paring PCC versus placebo, no interventions, or other
reversal interventions in participants suffering from criti-
cal bleeding while undergoing treatment with oral anti-
coagulants. Critical bleeding was defined as internal or
external haemorrhage indicating acute reversal of the
coagulopathy inflicted by the oral anticoagulant. Oral
anticoagulants were defined as vitamin K antagonists
(Anatomical Therapeutic Chemical [ATC] classification
BO1AA), direct oral anticoagulating agents (direct throm-
bin inhibitors [ATC classification BO1AE], or factor Xa
inhibitors [ATC classification BO1AF]).

Data sources and search
A comprehensive literature search was conducted of
the online information databases MEDLINE, Embase,
Cochrane Central Register of Controlled Trials (CEN-
TRAL), Science Citation Index (Web of Science), Latin
American and Caribbean Literature on Health Sciences
(LILACS), and BIOSIS from inception to May 2024. We
also searched the trial registries ClinicalTrials.gov, World
Health Organisation International Clinical Trials Registry
Platform (ICTRP), European Union Clinical Trials Regis-
ter, International Standard Randomised Controlled Trial
Number (ISRCTN) Registry, Australian New Zealand
Clinical Trials Register (ANZCTR), Clinical Trials Reg-
ister—India, National Institute of Public Health Clinical
Trials Search (Japan), and Chinese Clinical Trial Registry
(ChiCTR). The complete search strategies are presented
in additional file 1.

To search for unpublished clinical trials and addi-
tional information on published clinical trials, national
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and multinational competent authorities were applied
for access to clinical study reports supplied by pharma-
ceutical companies during application for marketing
authorisations. We requested the competent authorities
to release all clinical study reports on any type of pro-
thrombin complex concentrate versus placebo, no inter-
ventions, or other interventions in participants taking
any kind of oral anticoagulants supplied to the competent
authorities from the year 2000 to the time of application.
Competent authorities in all individual member states in
the European Union, the European Medicines Agency
as well as national competent authorities in the United
States of America, Canada, Norway, Iceland, United
Kingdom, Liechtenstein, China, India, Japan, Australia,
and New Zealand were contacted (see additional file 2).

Two authors independently screened records from
online information databases and documents received
from competent authorities for eligible randomised
clinical trials (JG and CO). Discrepancies were solved by
discussion or mediated by a third author (HC). Trial reg-
istries were searched by a single author (CO). In addition
to the search strategy, reference lists of identified publica-
tions were checked as well as related systematic reviews
for additional trials that might be relevant for the present
review. No restrictions on language or publication sta-
tus were imposed. Authors of unpublished relevant trials
were contacted for information and offered to supply any
available data.

Data collection and outcome measures

The following primary outcomes were prespecified in
the published systematic review protocol [29]: all-cause
mortality, health-related quality of life (any continuous
outcome scale used by trialists), and proportion of par-
ticipants with > 1 serious adverse event (defined by Inter-
national Conference on Harmonisation Guideline for
Good Clinical Practice 1997). All primary outcomes were
evaluated at longest follow-up. Prespecified secondary
outcomes: poor functional outcome (any valid dichot-
omised scale used by trialist), thromboembolic events,
allergic reaction, and pulmonary oedema. All secondary
outcomes were evaluated at longest follow-up. Finally,
a number of exploratory outcomes were defined: tardy
international normalised ratio (INR) correction defined
as participants not achieving reversal to a predefined
INR cut point within 3 h after infusion start (if data from
the 3-h cut point were not available, reported INR cor-
rection between 0.5 and 6 h after infusion start could be
included), poor clinical haemostatic efficacy (prolonged
ongoing bleeding or haematoma expansion) as defined
by trialists (the assessment closest to 24 h after admission
was used if multiple assessments were reported), and
proportion of participants receiving>1 transfusion with
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packed red blood cells (during longest follow-up). The
chosen exploratory outcomes were assigned as explora-
tory, as they had no direct patient-relevance. All outcome
analyses were evaluated separately among participants
with VKA-related critical bleeding and DOAC-related
critical bleeding. The outcome ‘tardy INR correction’
was only evaluated among participants with VKA-related
critical bleeding.

Participants with intracranial haemorrhage were com-
pared to participants with all other types of bleeding
locations in subgroup analysis. Other prespecified sub-
group analyses were not possible due to a paucity of pub-
lished data.

Two authors (JP and CO) independently extracted
data from the identified randomised clinical trials and
assessed the risk of bias. The risk of bias assessments
were performed in accordance with the Cochrane
risk-of-bias tool (RoB 1) [28, 30] and Lundh et al. [31]
(Table 1 and additional file 5). Trials were assessed as
high risk of vested interest bias in case of any indus-
try funding including unrestricted grants. Besides the
overall risk of bias for each trial, we also assessed the
bias-domains’Blinding of outcome assessors;Incomplete
outcome data; and’Selective outcome reporting’ for each
outcome individually (see additional file 6). The two
authors resolved differences by discussion or by involv-
ing a third author (JCJ). The corresponding authors of the
identified trials were contacted by email in case of miss-
ing data, missing protocol, or unclear/ambiguous infor-
mation. The interventions from the identified trials were
reported in accordance with The Template of Interven-
tion Description and Replication (TIDieR) [32] (see addi-
tional file 4).

Meta-analysis

Meta-analyses were conducted when data from at least
two trials were available. The applied statistical meth-
odology was based on the recommendations in the
Cochrane Handbook of Systematic Review of Interven-
tions [28] and the eight-step assessment proposed by
Jakobsen and colleagues [33]. Relative risks were calcu-
lated for dichotomous outcomes and mean difference
for continuous outcomes (both with 95% confidence
intervals). Effect estimates from individual trials were
combined, using both fixed-effect and random-effects
models (most conservative estimate chosen as primary
result). Random-effects meta-analysis were performed
using the DerSimonian and Laird approach [34]. Het-
erogeneity of the effect estimates was assessed by visual
inspection of the forest plots and by the inconsistency
(I%) statistic. The influence of attrition and incomplete
outcome data were assessed by ‘best—worst case’ and
‘worst-best case’ scenarios. In these analyses, it was
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alternatingly assumed that those with missing outcome
in the PCC group had either suffered/not-suffered the
outcome, and those in the control group had not-suf-
fered/suffered the outcome (see additional file 7). Beta-
binominal regression was used as a supplementary
analysis, if trials reported zero-events (see additional
file 8) [35]. All meta-analyses were carried out in Stata
18 (StataCorp, TX, USA).

Control of random errors in meta-analysis

To control for inflation of the familywise type 1 error
due to testing of multiple outcomes (3 primary and 4
secondary), the a-level (type 1 error risk) was adjusted
to 0.0125 (0.05/4) as previously recommended [33]. If
more than one trial provided evidence for an outcome,
we used Trial Sequential Analysis to control the risk
of random error. Within the framework of the Trial
Sequential Analysis (Copenhagen Trial Unit, 0.9.5.10
Beta) [36], we calculated a diversity-adjusted required
information size (DARIS). In calculating DARIS, we
assumed a type 1 error rate of 1.25%, a type 2 error rate
of 10%, as well as a quantification of diversity (hetero-
geneity) (D?) based on the present meta-analysis of the
outcome. For all dichotomous outcomes, a minimally
relevant effect equal to a relative risk reduction of 20%
was pragmatically assumed and an incidence equal to
the incidence observed in the control arm of the meta-
analysis of the outcome. For continuous outcomes, a
minimally relevant effect equal to the standard devia-
tion (SD) divided by two was assumed. Only when the
total number of included participants surpasses the
DARIS, PCC can in meta-analysis be declared either
superior to the control intervention based on an a-level
of 1.25% or equivalent based on a 5-level of 10%. When
the total number of included participants does not
reach the DARIS, the a-level is penalised using Lan-
DeMets’ implementation of the O’Brian-Flemming
a-spending function [36]. This penalisation maintains
the approximate overall desired type 1 error rate, as the
trials are added sequentially to the meta-analysis [37].
Before the DARIS is reached, PCC can only be declared
superior compared with control, if the significance level
exceeds the penalised a-level for benefit [33].

Bayes factor indicates the ratio between the likelihood
of the observed data conditional on the null-hypothesis
and the likelihood of the observed data conditional on
the assumed minimally relevant effect [33, 38]. It con-
sequently measures the ratio between the statistical evi-
dence for the null-hypothesis and the statistical evidence
for the minimally relevant effect. Bayes factor less than
0.1 (10 times more likely under the minimally relevant
effect) was used as a threshold for significance [33].
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Certainty of evidence

Grading of Recommendation, Assessment, Develop-
ment and Evaluation (GRADE) approach were utilised
to assess the certainty of the conclusions associated with
each of the seven patient-important primary and second-
ary outcomes [39, 40]. It was prespecified that if no sub-
group differences were detected when comparing pooled
effect estimates between trials at low (or if no, at rela-
tively lower) risk of bias to trials at high risk of bias, the
summary of findings tables would be based on the overall
analysis.

Results

Included trials

Through our literature search, 12,670 records were iden-
tified (Fig. 1). After screening and full-text review, 27
publications detailing five randomised clinical trials
were included. The five trials randomised a total of 825
participants eligible for this systematic review. Three tri-
als evaluated PCC against two different active compara-
tors in participants with VICA-related critical bleeding,
and two trials evaluated PCC against two different active
comparators in participants with factor Xa-related criti-
cal bleeding. No identified trials evaluated PCC against
no treatment or placebo in participants with anticoag-
ulation-related critical bleedings. Four additional trials
might contain potential eligible (subgroups of) partici-
pants. The trialists/sponsors were contacted (no data
provided [see additional file 3]).

The characteristics of the included trials are presented
in Table 1. All trials were parallel group, open-label trials.
All trials were deemed at high risk of bias (Table 1 and
additional file 5). The exact definition of the outcomes
and length of follow-up used in the individual trials are
presented in additional file 6.

PCC versus fresh frozen plasma (FFP) in VKA-related critical
bleeding
Two trials randomised participants with VKA-related
critical bleeding to PCC versus FFP [21, 22]. Both trials
reported on the incidence of all-cause mortality. Ran-
dom-effects meta-analysis showed no evidence of a dif-
ference between PCC and FFP when assessing all-cause
mortality (RR 1.05; 95% CI 0.27 to 4.05; p=0.95; Bayes
factor [BF]=1.08; Fig. 2). Heterogeneity was substan-
tial (I>=72.4%). The risk of outcome-specific bias due
to blinding of outcome assessor was generally unclear,
the risk of selective outcome reporting was low, and the
risk of bias due to incomplete outcome data was low (see
additional file 6).

One trial reported on health-related quality of life.
No evidence was observed of a difference between PCC
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12634 records identified through

database searching *

36 clinical study reports or documents
identified with help from competent

authorieties T

Two trials included in quantitative
synthesis (meta-analysis)

> 967 duplicates removed
Y
11703 records screened »[ 11553 records excluded
Y
150 full-text articles assessed for | Excluded:
eligibility - Dublicates 3
- Review articles 24
- Commentary 6
Y - Trial registration 3
. L. . - Not relevant regulatory document 10
27 publication of 5 trials included in )
litati hesi - Wrong study design 21
qualitative synthesis - Wrong population of participants 24
- Wrong intervention or comparator 23
- Not relevant conference proceeding 7
A4 - Relevant trial registration ¥ 2

Fig. 1 PRISMA flow diagram. Flow of information through the systematic review. *Detailed search strategy is listed in supplementary material.
tThe full process of applying competent authorities for clinical study reports is presented in supplementary material. ¥ The details of the trials are

available in additional file 3

and FFP (Mean difference 1.04; 95% CI —0.94 to 3.02;
p=0.30; BF=0.65). The risk of outcome-specific bias
due to blinding of outcome assessor was high, the risk
of selective outcome reporting was low (see additional
file 6).

Both trials reported on the incidence of serious
adverse events. Random-effects meta-analysis showed
no evidence of a difference between PCC and FFP when
assessing the incidence of serious adverse events (RR
1.33; 95% CI 0.94 to 1.88; p=0.11; BF =16.4; Fig. 2). No
heterogeneity was identified (I*=0%). The risk of out-
come-specific bias due to blinding of outcome asses-
sor was unclear, the risk of selective outcome reporting

was low, and the risk of bias due to incomplete outcome
data was high (see additional file 6).

Both trials reported on poor functional outcome,
but only among participants with intracranial haem-
orrhage. Random-effects meta-analysis showed no
evidence of a difference between PCC and FFP when
assessing the risk of poor functional outcome (RR 1.06;
95% CI 0.70 to 1.62; p=0.77; BF =2.32; Fig. 3). The risk
of outcome-specific bias due to blinding of outcome
assessors was unclear, the risk of selective outcome
reporting was low, and the risk of bias due to incom-
plete outcome data was estimated to be low (see addi-
tional file 6).
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Publication  Treatment Control
Name of trial year n/N n/N
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Risk Ratio
(95% Cl) % Weight

VKA - PCC versus fresh frosen plasma
All-cause mortality

0.53 (0.20, 1.40) 50.96
2.12(0.75, 5.98) 49.04

Steiner et al. 2016 5/27 8/23
Sarode et al. 2013 10/103 5/109
Random effects 15/130 13/132
Fixed effect

Serious adverse events

Steiner et al. 2016 16/27 10/23
Sarode et al. 2013 32/103 26/109
Random effects 48/130  36/132

Fixed effect

VKA - PCC plus fresh frosen plasma versus fresh frosen

All-cause mortality
Boulis et al. 1999 2/8 5/13

1.05 (0.27, 4.05) 100.00

—_ 1.10 (0.56, 2.16)
R . —— 1.36(0.78,2.39)  38.27
— 1.30 (0.84,2.03)  61.73
-~ 1.33(0.94,1.88)  100.00
e 1.32 (0.93, 1.88)

Serious adverse events
Boulis et al. 1999 2/7 7/10

0.65 (0.16, 2.59) 100.00

DOAC - PCC versus fresh frosen plasma

All-cause mortality
Shadvar et al. 2021 3/20 4/21

0.41 (0.12, 1.41) 100.00

0.79 (0.20, 3.09) 100.00

A 2 5 1 2 5 10

Favours PCC

Favours control

Fig. 2 Dichotomous primary outcomes. Forest-plot displaying the results from meta-analyses of primary dichotomous outcomes. Fixed
and random effects estimates displayed. RR—relative risk, Cl—confidence intervals, PCC—prothrombin complex concentrate

Both trials reported on the incidence of thromboem-
bolic events, allergic reactions, and pulmonary oedema
[21, 22] (Fig. 3). Random-effects meta-analysis showed no
evidence of a difference between PCC versus FFP in the
risk of thromboembolic events (RR 1.60; 95% CI 0.71 to
3.61; p=0.26; BE=2.11), allergic reactions (RR 0.32; 95%
C10.03 to 2.99 p=0.32; BF=0.84), or pulmonary oedema
(RR 0.53; 95% CI 0.10 to 2.83; p=0.46; BF=0.85). Risk of
bias for lack of blinding was unclear, and the risk of selec-
tive outcome reporting was low for all outcomes. Risk of
bias due to incomplete outcome data was estimated to
be high for thromboembolic events and low for allergic
reactions and pulmonary oedema (see additional file 6).

In Trial Sequential Analysis, the acquired informa-
tion size was not large enough to confirm or reject that
administration of PCC (versus FFP) is associated with a
20% relative risk reduction in any of the primary or sec-
ondary outcomes presented above (see additional file 9).
Certainty of evidence was assessed as very low or low for
all outcomes (see additional file 11).

Both trials reported on tardy INR correction. Meta-
analysis showed strong evidence that PCC is superior to
FFP in limiting the incidence of tardy INR correction (RR
0.41; 95% CI 0.32 to 0.52; p<0.001; BF <0.001, Fig. 4). No
statistical or visual heterogeneity was apparent (I>=0%).
Trial Sequential Analysis showed that the DARIS was
not reached, but that the Z-curve crossed the superiority
boundary (see additional file 9). Risk of bias due to lack
of blinding of outcome assessor was estimated to be low,

risk of selective outcome reporting was low and risk of
bias due to incomplete outcome data was low (see addi-
tional file 6).

Both trials reported on clinical haemostatic efficacy
[21, 22]. Random-effects meta-analysis showed no formal
statistical evidence of a difference between PCC versus
FFP in preventing poor clinical haemostatic efficacy (RR
0.68; 95% CI 0.44 to 1.06; p=0.09; BF=0.30). Heteroge-
neity was moderate (1>=27.0%). In Trial Sequential Anal-
ysis, the current information sizes were not large enough
to confirm or reject that administration of PCC was
associated with a 20% relative risk reduction in the inci-
dence of poor clinical haemostatic efficacy (see additional
file 9). Risk of bias due to blinding of outcome assessor
was low, risk of selective outcome reporting was low, and
risk of bias due to incomplete outcome data is estimated
to be high (see additional file 6).

One trial reported on transfusion of red blood cells
[21]. The trial showed no evidence of a difference
between PCC versus FFP in the risk of needing transfu-
sion with red blood cells (RR 1.08; 95% CI 0.81 to 1.45;
p=0.59; BF=6.84). Risk of bias due to blinding of out-
come assessor was estimated to be unclear, risk of selec-
tive outcome reporting was low, and risk of bias due to
incomplete outcome data was low (see additional file 6).

For the outcomes all-cause mortality, serious adverse
events, thromboembolic events, tardy INR-correc-
tion, and poor clinical haemostatic efficacy, the effect
of PCC versus FFP was assessed exploratorily between
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Publication Treatment  Control Risk Ratio
Name of trial year n/N n/N (95% CI) % Weight
VKA - PCC versus fresh frosen plasma
Poor functional outcome
Steiner et al. 2016 17/27 14/23 —+— 1.03 (0.67, 1.60) 92.47
Sarode et al. 2013 3/9 2/9 * 1.50 (0.32, 6.94) 7.53
Random effects 20/36 16/32 e 1.06 (0.70,1.62)  100.00
Fixed effect e 1.09 (0.71, 1.68)
Thromboembolic event
Steiner et al. 2016 7127 2/23 * 2.98 (0.69,12.96)  30.75
Sarode et al. 2013 8/103 7/109 s 1.21 (0.45, 3.22) 69.25
Random effects 15/130 9/132 _ —— 1.60 (0.71,3.61)  100.00
Fixed effect _  —— 1.64 (0.74, 3.63)
Allergic reactions
Steiner et al. 2016 0/27 1/23 g 0.29 (0.01, 6.69) 50.56
Sarode et al. 2013 0/103 1109 g 0.35 (0.01, 8.56) 49.44
Random effects 0/130 21132 0.32 (0.03,2.99)  100.00
Fixed effect 0.32 (0.03, 2.99)
Pulmonary oedema
Steiner et al. 2016 0/27 0/23 (Insufficient data)
Sarode et al. 2013 2/103 4/109 +- 0.53(0.10,2.83)  100.00
Random effects 2/130 4/132 R — 0.53(0.10,2.83)  100.00
Fixed effect S — 0.53(0.10, 2.83)
VKA - PCC plus fresh frosen plasma versus fresh frosen plasma
Thromboembolic event
Boulis et al. 1999 0/5 1/8 +- 0.50 (0.02, 10.34) 100.00
Pulmonary oedema
Boulis et al. 1999 0/5 1/8 +- 0.50 (0.02, 10.34) 100.00
FXa inhibitor - PCC versus fresh frosen plasma
Thromboembolic event
Shadvar et al. 2021 1/20 0/21 > 3.14 (0.14,72.92) 100.00
T T T T T T
1 2 5 1 2 5 10

Favours PCC Favours control

Fig. 3 Secondary outcomes. Forest-plot displaying the results from meta-analyses of secondary outcomes. Fixed and random effects estimates
displayed. RR—relative risk, Cl—confidence intervals, PCC—prothrombin complex concentrate

participants with intracranial haemorrhage compared to
other bleeding sites (see additional file 10). No significant
heterogeneity between subgroups was identified in any of
the analyses.

PCC plus FFP versus FFP alone in VKA-related critical
bleeding
One trial evaluated PCC plus FFP versus FFP alone
among participants with VKA-related critical bleed-
ings [20]. The trial showed no evidence of a differ-
ence between PCC plus FFP versus FFP alone on
all-cause mortality (RR 0.65; 95% CI 0.16 to 2.59; p=0.54;
BF =0.87; Fig. 2) or serious adverse events (RR 0.41; 95%
CI10.12 to 1.41; p=0.17; BE=0.65). The risk of outcome-
specific bias due to lack of blinding of outcome assessor
was high for both outcomes, and the risk of bias due to
incomplete outcome data was low for both outcomes (see
additional file 6).

Of the secondary outcomes, only data on thromboem-
bolic events and pulmonary oedema were reported. The

trial showed no evidence of a difference between PCC
plus FEP versus FEP alone in the risk of thromboembolic
events (RR 0.50; 95% CI 0.02 to 10.34; p=0.65; BF=0.95;
Fig. 3) or pulmonary oedema (RR 0.50; 95% CI 0.02 to
10.34; p=0.65; BF=0.95). The risk of bias due to lack of
blinding was high for both outcomes. Risk of bias due to
incomplete outcome data was low (see additional file 6).
Certainty of evidence for all outcomes were assessed as
very low certainty of evidence (see additional file 11).

PCC versus FFP in factor Xa-related critical bleeding

One trial evaluated PCC versus FFP among participants
with factor Xa-related critical bleeding [41]. The trial
showed no evidence of a difference between PCC ver-
sus FFP in the risk of all-cause mortality (RR 0.79; 95%
CI 0.20 to 3.09; p=0.73; BF=0.94; Fig. 2) or thrombo-
embolic events (RR 3.14; 95% CI 0.14 to 72.92; p=0.48;
BF =1.12). The risk of outcome-specific bias due to lack
of blinding of outcome assessor was unclear for both out-
comes, and the risk of bias due to incomplete outcome
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Publication ~ Treatment Control Risk Ratio
Name of trial year n/N n/N (95% Cl) % Weight
VKA - PCC versus fresh frosen plasma
Tardy INR correction*
Steiner et al. 2016 9/27 21/23 —_— 0.37 (0.21, 0.63) 18.58
Sarode et al. 2013 37/98 94/104 —_— 0.42 (0.32, 0.54) 81.42
Random effects 46/125  115/127 <> 0.41 (0.32, 0.52) 100.00
Fixed effect <> 0.41(0.32, 0.52)
Poor haemostatic efficacy
Steiner et al. 2016 8/27 12/20 _— 0.49 (0.25, 0.98) 33.25
Sarode et al. 2013 27/98 36/104 — 0.80 (0.53, 1.21) 66.75
Random effects 35/125 48/124 <>» 0.68 (0.44, 1.06) 100.00
Fixed effect < 0.71 (0.50, 1.01)
Transfusion of red blood cells
Sarode et al. 2013 48/98 47/104 —T— 1.08 (0.81, 1.45) 100.00
FXa inhibitor - PCC versus andexanet alfa
Poor haemostatic efficacy
Connolly et al. 2024 94/195 74/224 —_—— 1.46 (1.15, 1.85) 100.00
T T T T T T
A 2 5 1 2 5 10

Favours PCC

Favours control

Fig. 4 Exploratory outcomes. Forest-plot displaying the results from meta-analyses of exploratory outcomes. Fixed and random effects estimates
displayed. Full definition and timing of outcome assessments in each trial can be found in additional file 6. RR—relative risk, Cl—confidence
intervals, PCC—prothrombin complex concentrate. * Steiner et al. measured INR-levels 3 h after start of infusion and Sarode et al. measured

INR-levels 0.5 h after end of infusion

data was low for both outcomes (see additional file 6).
Both outcomes were assessed as very low certainty of evi-
dence (see additional file 11).

PCC versus andexanet alfa in factor Xa-related critical
bleeding

One trial evaluated andexanet alfa versus usual care
among participants with factor Xa-related critical bleed-
ing [42], but 86% of the usual care group received PCC
(PCC dosed according to investigators decision). Only
those receiving PCC in the usual care group were for-
mally eligible for this review, and no direct comparison
between PCC versus andexanet alfa on any patient rel-
evant outcome was published by the trialists (we report
data for usual care [86% of whom received PCC] versus
andexanet alfa for primary and secondary outcomes
below for completion). The only direct comparison
between the participants receiving PCC versus andexa-
net alfa published by the trialists was clinical haemostatic
efficacy.

The trial showed that administration of PCC (versus
andexanet alfa) was associated with a higher incidence of
poor clinical haemostatic efficacy (RR 1.46; 95% CI 1.15
to 1.85; p=0.002; BF=1810.8; Fig. 4). Risk of bias due to
blinding of outcome assessor was low, and risk of bias

due to incomplete outcome data is estimated to be high
(see additional file 6).

When comparing usual care (86% of whom received
PCC) versus andexanet alfa, the trial showed no evidence
of a difference in the risk of all-cause mortality (RR 0.92;
95% CI 0.69 to 1.22; p=0.55; BE=1.31) or poor function
outcome (modified Rankin Scale>3) (RR 0.96; 95% CI
0.86 to 1.07; p=0.47; BF=106.5). The trial did, however,
show borderline evidence for a lower incidence of throm-
boembolic events among patients allocated to usual care
(86% of whom received PCC) versus andexanet alfa (RR
0.55; 95% CI 0.30 to 1.00; p=0.052; BF=0.32).

Discussion

Among participants with VKA-related critical bleeding,
no evidence was observed that administration of PCC
was associated with a decreased risk of any undesir-
able patient-relevant outcomes nor an improvement in
health-related quality of life. However, large uncertainty
is still attached to the conclusions in this review, as the
certainty of the evidence is generally low to very low
(largely due to imprecision and risks of bias). Among par-
ticipants with VKA-related critical bleeding, the review
conclusively demonstrated that the use of PCC was supe-
rior to FFP alone in reversing raised INR, with a statisti-
cally insignificant trend towards lower incidence of poor
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clinical haemostatic efficacy when PCC was used. Among
participants with factor Xa-related critical bleeding, no
data directly evaluating PCC versus andexanet alfa on
patient-relevant outcomes were published by trialists
(only data comparing usual care [86% of whom received
PCC] with andexanet alfa were published). The data did
support that PCC was inferior versus andexanet alfa in
preventing poor clinical haemostatic efficacy (prevent-
ing haematoma expansion), but also indicate borderline
evidence of an increased incidence of thromboembolic
events in the andexanet alfa group. No trials evaluat-

ing activated PCC against other reversal strategies were
identified.

Strengths and limitations

The strength of this review includes the registration plus
publication of the systematic review protocol before the
literature search was conducted [29]. A comprehensive
search of the literature was performed including a search
for unpublished data. This included application to com-
petent authorities for clinical study reports allowing us to
obtain information not contained in any of the original
trial publications. We employed rigorous inclusion cri-
teria accepting only randomised clinical trials to be able
to assess treatment effects in the most unbiased fashion.
Our rigorous methodology has made us able to conduct
robust assessments of the current evidence for the treat-
ment effect of PCC in the reversal of anticoagulation
treatment.

Our review has limitations. The conclusions presented
in this review are limited by the relatively small number
of participants included in the identified trials. Further-
more, all the trials included in this review were at high
risk of bias. As blinding of the trial personnel is generally
not feasible when randomising participants to reversal of
anticoagulation treatment, all trials used an open label
design. As trials with incomplete blinding are at high risk
of overestimating the intervention effect (especially when
evaluating subjective outcome measures) [43], it is not
unlikely that bias might affect the results of this meta-
analysis. Due to the paucity of trials, we were not able to
perform all the prespecified subgroup analyses. Further,
due to the heterogeneity and small sample sizes of trials,
it was not possible to include dosing in the analysis.

Comparison with other studies

Among participants with VKA-related critical bleedings,
PCC was conclusively superior compared with FFP in
normalising INR, but this did not seem to translate into
benefit on patient relevant outcomes. Treatment effects
on putative surrogate outcomes should generally not be
accepted, before comparable effects are demonstrated
on patient-relevant outcomes [44]. It is, however, likely
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that swift normalisation of INR might be more impor-
tant within certain patient populations. In patients with
intracranial haemorrhage, quick haemostasis is likely
paramount to prevent expansion of the intracranial hae-
matoma and more extensive brain damage. Data from
observational studies support that fast normalisation of
INR might translate into a decreased risk of intracra-
nial haematoma expansion [45, 46], which aligns with
this review demonstrating a trend towards better clini-
cal haemostatic efficacy among participants with VKA-
related bleedings receiving PCC. Among participants
with intracerebral haemorrhage, recent trials have dem-
onstrated that implementation of interventions aiming to
prevent haematoma expansion early after symptom onset
results in improved functional outcome [47, 48].

It is a well-known fact that patients undergoing rever-
sal of anticoagulation treatment are at a risk of thrombo-
embolic complications [49]. Patients, who are prescribed
anticoagulation treatment, will per se be at high risk of
thromboembolic events (e.g. due to atrial fibrillation,
previous venous thromboembolism, or mechanical
heart valves), and discontinuation of the anticoagulation
treatment might expose the patient to risk. This throm-
boembolic risk is likely amplified by administration of
pro-haemostatic agents. Based on our review and pub-
lished high-quality data [49], it remains uncertain if
PCC is associated with a higher rate of thromboembolic
complication compared with FFP in patients with VKA-
related critical bleeding.

Transfusion of plasma can cause well-known transfu-
sion-related adverse events such as transfusion-related
acute lung injury (TRALI) or transfusion associated
circulatory overload (TACO) [50, 51]. Both will often
manifest as pulmonary oedema [50]. Among patients
undergoing reversal of VKA therapy using FFP, an obser-
vational study has indicated an overall 19% incidence of
pulmonary complication (TRALI, TACO, and unspeci-
fied pulmonary oedema) [52]. The authors reported the
risk of pulmonary complications to increase in a dose-
dependent manner [52]. A 19% risk of pulmonary com-
plications appears to be higher than the number observed
in this review.

Previous systematic reviews have evaluated the ques-
tion of PCC for reversal of VKA-related critical bleed-
ing [53-55]. All reviews support the use of PCC over
other interventions for rapid INR reduction in patients
with critical bleeding while undergoing treatment with
VKA [53-55], but some also report superiority of PCC
on patient-relevant outcomes (reduced mortality) [54,
55]. In our opinion, these reviews contain methodologi-
cal shortcomings. Two of the systematic reviews were
not prospectively registered [53, 55], and all included
unadjusted effect estimates from observational studies
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[53-55]. Inclusion of observational data (especially with
no control of confounding) in a meta-analysis of inter-
vention effects is problematic, as empirical studies have
shown that observational studies are prone to provide
biased treatment effect estimates due to confounding
and methodological biases [56—58]. A Cochrane review
updated in 2015 evaluated PCC for reversal of VKA
treatment in bleeding and non-bleeding patients [59].
The authors concluded that not enough information was
currently present to favour PCC over other reversal strat-
egies [59].

Previous systematic reviews have also included non-
bleeding participants needing reversal of anticoagulation
treatment due to urgent surgery [54, 59]. We chose to
limit our review to trials recruiting participants with crit-
ical bleeding. This decision was based on the probability
of clinical heterogeneity between patient-populations
and between clinical setting (acute setting with bleeding
participants compared to non-bleeding participants in
need of semi-urgent surgery). Three published trials have
evaluated PCC against FFP for the indication of reversal
of VKA prior to subacute or acute surgery [60-62]. Two
of these trials included only participants needing reversal
of VKA treatment prior to cardiac surgery [61, 62]. The
trial by Goldstein et al. [60] recruited from a broad spec-
trum of patients needing reversal of VKA treatment due
to urgent surgical or invasive procedures. All three trials
recruiting participants in need of urgent surgery sup-
port our conclusion that administration of PCC leads to
a more rapid INR reversal compared with FFP [60-62].
The trial by Goldstein et al. [60] also found that the risk
of thromboembolic events was well balanced between
participants allocated to PCC and FFP, however, with a
higher probability of pulmonary oedema in participants
allocated to FFP. We have corresponded with the spon-
sors of surgical trials, where at least some of the partici-
pants could fit our inclusion criteria (Supplement 4). No
data have been provided by the sponsors.

In our systematic review, we identified two randomised
clinical trials evaluating PCC against other active com-
parators in participants with DOAC-related critical
bleeding. Both trials recruiting only participants pre-
treated with factor Xa-inhibitors [41, 42]. Some observa-
tional studies have reported a more favourable prognosis
for patients pre-treated with DOAC as compared to VKA
[63, 64], whereas others have found a comparable prog-
nosis [65]. Even though some studies indicate a more
favourable prognosis of DOAC-related haemorrhage,
the mortality is still considerable [63, 65, 66]. PCC for
the reversal of DOAC has been evaluated in a number of
studies in healthy participants [67] and in animal models
[68], which have indicated that the coagulopathy associ-
ated with the administration of DOAC can be reversed,

Page 12 of 16

at least with reasonable success, using PCC. The mech-
anism by which PCC is thought to reverse the effect of
DOAC is by supplying excessive amounts of the coagu-
lation-factors prothrombin, factor VII, factor IX, and
factor X. When the level of thrombin or factor Xa sur-
passes the inhibition inflicted by the DOAC, a normal
coagulation will be reconstituted. Uncontrolled observa-
tional data on the haemostatic efficacy and safety of PCC
in patients with DOAC-related critical bleeding events
indicate that a large proportion of patients achieve good
haemostatic effect after receiving PCC [69, 70]. In our
present review both identified trials provided no direct
evidence that PCC was superior or inferior to other
reversal strategies on any patient-relevant outcome, but
the trial of Andexanet Alfa in Acute Intracranial Hemor-
rhage in Patients Receiving an Oral Factor Xa Inhibitor
(ANNEXA-I) did report borderline evidence of a higher
incidence of thromboembolic events among those allo-
cated andexanet alfa (versus usual care). The finding that
andexanet alfa is potentially associated with increased
risk of thromboembolism is supported by a meta-analysis
combining the results of ANNEXA-I with propensity-
score matched studies [71]. In ANNEXA-I, PCC was
directly shown to be inferior compared with andexanet
alfa in preventing poor clinical haemostatic efficacy, but
future trials will need to show if this finding translates
into benefit on patient-relevant outcomes or whether this
superior haemostatic efficacy is offset by the increased
risk of thromboembolic events.

We recommend that future trials randomising partici-
pants with either VKA or DOAC-related critical bleed-
ing (especially patients with intracranial haemorrhages)
should pay particular attention to limiting the delay from
symptom onset to treatment in order to optimise the
reversal treatment’s ability to limit haematoma growth.
In addition, trials should consider including protocols
for co-interventions focusing on early optimal blood-
pressure control to facilitate the haemostatic effect of the
reversal treatment. Future trials should explore, if early
and structured use of mechanical or pharmacological
prophylaxis for venous thromboembolism can limit the
incidence of thromboembolisms after reversal treatment.

Comparison with international treatment guidelines

Our systematic review demonstrates a current lack of
evidence from randomised clinical trials supporting that
administration of PCC is associated with a decreased
risk of any undesirable patient-relevant outcomes nor
an improvement in health-related quality of life. Fur-
thermore, our systematic review demonstrates that the
available randomised clinical trials potentially could be
affected by bias. This lack of evidence should be acknowl-
edged and used to motivate future high-quality clinical
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trials and should not inspire therapeutic nihilism. Several
treatment guidelines and consensus documents from sci-
entific associations have evaluated the question of rever-
sal of oral anticoagulation within different categories of
critical bleeding patients [16—19, 72]. The guidelines
unanimously recommend the use of PCC as first-line
treatment in patients with VKA-related life-threatening
critical bleeding [16—-19, 72]. FFP is reserved as a second-
line treatment.

Newer international guidelines generally suggest the
use of four-factor PCC or activated PCC (FEIBA®, Baxter
International Inc., Deerfield, IL, USA) in DOAC-related
critical bleeding, if specific antidotes cannot be pro-
cured [16-19, 72, 73]. Currently, two specific antidotes
for DOAC are available for clinical use—idarucizumab
(Boehringer Ingelheim Pharmaceuticals, Ridgefield,
CT, USA; for reversal of dabigatran) and andexanet alfa
(AstraZeneca, Cambridge, UK; for reversal of factor Xa
inhibitors). As documented in this review, current evi-
dence does not support the superiority of andexanet alfa
over PCC on any patient-relevant outcome, but potential
safety issues related to administration of andexanet alfa
have been flagged [42]. No evidence from randomised
clinical trials exists comparing idarucizumab versus PCC.
Only a prospective case-series has evaluated idaruci-
zumab [74], demonstrating the ability of the antidote to
reverse anticoagulation effect assessed by biochemical
coagulation assays and that clinical haemostasis could be
achieved in a large proportion of participants. In addition
to the efficacy of the antidotes per se, other important
factors to consider in relation to an effective implementa-
tion of the new antidotes in clinical use, are their avail-
ability and how fast they can be procured (especially in
a rural setting) compared to other more readily reversal
agents such as PCC.

Conclusion

Insufficient evidence from randomised clinical trials is
currently available to establishing if treatment with PCC
is conclusively superior or inferior to other reversal treat-
ments in improving clinical prognosis or decreasing the
risk of serious adverse events among patients with anti-
coagulation-related critical bleeding. PCC was shown
conclusively superior compared with FFP in reversing
INR among participants with VKA-related critical bleed-
ing with a trend towards better clinical haemostatic effi-
cacy. PCC was shown to be inferior to andexanet alfa in
obtaining clinical haemostatic efficacy in patients with
factor Xa-related critical bleedings, but future trials will
need to establish, if this effect is offset by a higher inci-
dence of thromboembolic events.
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PCC Prothrombin complex concentrate

Page 13 of 16

FFP Fresh frozen plasma
VKA Vitamin K antagonist
DOAC Direct oral anticoagulants
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ATC Anatomical therapeutic chemical (classification system)

RoB Risk of bias

TIDieR Template for intervention description and replication

INR International normalised ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513049-025-01334-1.

Additional file 1.
Additional file 2.
Additional file 3.
Additional file 4.
Additional file 5.
Additional file 6
Additional file 7.
Additional file 8.
Additional file 9.
Additional file 10.
Additional file 11.

Acknowledgements

The authors are grateful to information specialist Sarah Klingenberg (Copen-
hagen Trial Unit and The Cochrane Hepato-Biliary Group) for her help with the
systematic literature search.

Author contributions

HC and TS conceived the aim and scope of the review. CO, JP, CG, JCJ, HC

and TS designed the review and wrote the review protocol. CO, JG and TBM
searched the literature. CO, JP and JCJ extracted trial data. CO did the statisti-
cal analyses. CO drafted the manuscript. All authors have critically revised and
approved the manuscript.

Funding
Open access funding provided by Copenhagen University. No specific funding
was obtained for this systematic review.

Availability of data and materials
The dataset on which the results presented in this manuscript are based can
be obtained from the corresponding author upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

HC is a steering committee member and co-author of the ANNEXA-| trial
(NCT03661528), sponsored by AstraZeneca (All honoraria received by institu-
tion). JP has received consultation fees and travel expenses from Abbott,
Akcea, Bayer, Boehringer Ingelheim, Daiichi Sankyo, and Pfizer—all outside the
submitted work. All remaining authors report no conflict of interest.


https://doi.org/10.1186/s13049-025-01334-1
https://doi.org/10.1186/s13049-025-01334-1

Ovesen et al. Scand J Trauma Resusc Emerg Med

(2025) 33:19

Author details

"Department of Neurology, Copenhagen University Hospital Bispebjerg,
Nielsine Nielsensvej 6A & B, 2400 Copenhagen, Denmark. ?Copenhagen Trial
Unit, Centre for Clinical Intervention Research, The Capital Region, Copenha-
gen University Hospital Rigshospitalet, Copenhagen, Denmark. 3Department
of Neurology, Heidelberg University Hospital, Heidelberg, Germany. “Depart-
ment of Regional Health Research, The Faculty of Heath Sciences, University
of Southern Denmark, Odense, Denmark. >Department of Cardiology, Holbaek
Hospital, Holbaek, Denmark. ®Department of Neurology, Klinikum Frankfurt
Hochst, Frankfurt, Germany.

Received: 13 December 2024 Accepted: 27 January 2025
Published online: 04 February 2025

References

1.

Camm AJ, Accetta G, Ambrosio G, Atar D, Bassand JP, Berge E, et al. Evolv-
ing antithrombotic treatment patterns for patients with newly diagnosed
atrial fibrillation. Heart. 2017;103:307-14.

Maura G, Billionnet C, Drouin J, Weill A, Neumann A, Pariente A. Oral anti-
coagulation therapy use in patients with atrial fibrillation after the intro-
duction of non-vitamin K antagonist oral anticoagulants: findings from
the French healthcare databases, 2011-2016. BMJ Open. 2019;9:e026645.
Steinberg BA, Gao H, Shrader P, Pieper K, Thomas L, Camm AJ, et al.
International trends in clinical characteristics and oral anticoagulation
treatment for patients with atrial fibrillation: results from the GARFIELD-
AF, ORBIT-AF |, and ORBIT-AF Il registries. Am Heart J. 2017;194:132-40.
Adelborg K, Grove EL, Sundboll J, Laursen M, Schmidt M. Sixteen-year
nationwide trends in antithrombotic drug use in Denmark and its correla-
tion with landmark studies. Heart. 2016;102:1883-9.

Ko D, Lin KJ, Bessette LG, Lee SB, Walkey AJ, Cheng S, et al. Trends in use
of oral anticoagulants in older adults with newly diagnosed atrial fibrilla-
tion, 2010-2020. JAMA Netw Open. 2022;5:22242964.

Diener HC, Eikelboom J, Granger CB, Hacke W. The king is dead (warfarin):
direct thrombin and factor Xa inhibitors: the next Diadochian War? Int J
Stroke. 2012;7:139-41.

Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekow-
itz MD, et al. Comparison of the efficacy and safety of new oral antico-
agulants with warfarin in patients with atrial fibrillation: a meta-analysis of
randomised trials. Lancet. 2014;383:955-62.

Sardar P, Chatterjee S, Lavie CJ, Giri JS, Ghosh J, Mukherjee D, et al. Risk

of major bleeding in different indications for new oral anticoagulants:
insights from a meta-analysis of approved dosages from 50 randomized
trials. Int J Cardiol. 2015;179:279-87.

Bassand JP, Virdone S, Badoz M, Verheugt FWA, Camm AJ, Cools F, et al.
Bleeding and related mortality with NOACs and VKAs in newly diagnosed
atrial fibrillation: results from the GARFIELD-AF registry. Blood Adv.
2021;5:1081-91.

Larsen TB, Skjoth F, Nielsen PB, Kjaeldgaard JN, Lip GY. Comparative
effectiveness and safety of non-vitamin K antagonist oral anticoagulants
and warfarin in patients with atrial fibrillation: propensity weighted
nationwide cohort study. BMJ. 2016;353:i3189.

Nielsen PB, Skjoth F, Sogaard M, Kjaeldgaard JN, Lip GY, Larsen TB.
Effectiveness and safety of reduced dose non-vitamin K antagonist oral
anticoagulants and warfarin in patients with atrial fibrillation: propensity
weighted nationwide cohort study. BMJ. 2017,356:j510.

Vinogradova Y, Coupland C, Hill T, Hippisley-Cox J. Risks and benefits of
direct oral anticoagulants versus warfarin in a real world setting: cohort
study in primary care. BMJ. 2018;362:k2505.

Yao X, Abraham NS, Sangaralingham LR, Fernanda Bellolio M, McBane
RD, Shah ND, Noseworthy PA. Effectiveness and safety of dabigatran,
rivaroxaban, and apixaban versus warfarin in nonvalvular atrial fibrillation.
J Am Heart Assoc. 2016. https://doi.org/10.1161/JAHA.116.003725.
Franchini M, Lippi G. Prothrombin complex concentrates: an update.
Blood Transfus. 2010;8:149-54.

Key NS, Negrier C. Coagulation factor concentrates: past, present, and
future. Lancet. 2007,370:439-48.

. Christensen H, Cordonnier C, Kérv J, Lal A, Ovesen C, Purrucker JC,

et al. European stroke organisation guideline on reversal of oral

20.

21.

22.

23.

24.

25.

27.

28.

29.

30.

32.

33.

34

Page 14 of 16

anticoagulants in acute intracerebral haemorrhage. Euro Stroke J.
2019;4(4):294-306. https://doi.org/10.1177/2396987319849763.

. Frontera JA, Lewin JJ, Rabinstein AA, Aisiku IP, Alexandrov AW, Cook

AM, et al. Guideline for reversal of antithrombotics in intracranial
hemorrhage: executive summary. A statement for healthcare profes-
sionals from the neurocritical care society and the society of critical
care medicine. Critic Care Med. 2016;44(12):2251-7. https://doi.org/10.
1097/CCM.0000000000002057.

. Greenberg SM, Ziai WC, Cordonnier C, Dowlatshahi D, Francis B, Gold-

stein JN, et al. Guideline for the management of patients with sponta-
neous intracerebral hemorrhage: a guideline from the American heart
association/American stroke association. Stroke. 2022;53:e282-361.

. Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, et al.

The European guideline on management of major bleeding and
coagulopathy following trauma: fifth edition. Crit Care. 2019. https://
doi.org/10.1186/513054-019-2347-3.

Boulis NM, Bobek MP, Schmaier A, Hoff JT. Use of factor IX com-

plex in warfarin-related intracranial hemorrhage. Neurosurgery.
1999;45(5):1113-9. https://doi.org/10.1097/00006123-19991
1000-00020.

Sarode R, Milling TJ Jr, Refaai MA, Mangione A, Schneider A, Durn BL,
et al. Efficacy and safety of a 4-factor prothrombin complex concen-
trate in patients on vitamin K antagonists presenting with major bleed-
ing: a randomized, plasma-controlled, phase lllb study. Circulation.
2013;128:1234-43.

Steiner T, Poli S, Griebe M, Husing J, Hajda J, Freiberger A, et al. Fresh
frozen plasma versus prothrombin complex concentrate in patients
with intracranial haemorrhage related to vitamin K antagonists (INCH):
a randomised trial. Lancet Neurol. 2016;15:566-73.

Hemphill JC 3rd, Greenberg SM, Anderson CS, Becker K, Bendok BR,
Cushman M, et al. Guidelines for the management of spontaneous
intracerebral hemorrhage: a guideline for healthcare professionals
from the American Heart Association/American Stroke Association.
Stroke. 2015;46:2032-60.

Rossaint R, Bouillon B, Cerny V, Coats TJ, Duranteau J, Ferndndez-
Mondéjar E, et al. The European guideline on management of major
bleeding and coagulopathy following trauma: fourth edition. Crit Care.
2016. https://doi.org/10.1186/513054-016-1265-x.

Eikelboom JW, Kozek-Langenecker S, Exadaktylos A, Batorova A, Boda
Z, Christory F, et al. Emergency care of patients receiving non-vitamin K
antagonist oral anticoagulants. Br J Anaesth. 2018;120:645-56.

. Steiner T, Kohrmann M, Schellinger PD, Tsivgoulis G. Non-vitamin K

oral anticoagulants associated bleeding and its antidotes. J Stroke.
2018;20:292-301.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;6:21000097.

Higgins J, Green S, (eds.). Cochrane Handbook for Systematic Reviews
of Interventions. The Cochrane Collaboration 2011. Available from
www.handbook.cochrane.org

Ovesen C, Purrucker J, Gluud C, Jakobsen JC, Christensen H, Steiner T.
Prothrombin complex concentrate versus placebo, no intervention, or
other interventions in critically bleeding patients associated with oral
anticoagulant administration: a protocol for a systematic review of ran-
domised clinical trials with meta-analysis and trial sequential analysis.
Syst Rev. 2018;7:169.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD,

et al. The Cochrane Collaboration’s tool for assessing risk of bias in
randomised trials. BMJ. 2011,343:d5928.

. Lundh A, Lexchin J, Mintzes B, Schroll JB, Bero L. Industry sponsorship

and research outcome. Cochrane Database Syst Rev. 2017. https://doi.
org/10.1002/14651858.MR000033.pub3.

Hoffmann TC, Oxman AD, loannidis JP, Moher D, Lasserson TJ, Tovey DI,
et al. Enhancing the usability of systematic reviews by improving the
consideration and description of interventions. BMJ. 2017;358:j2998.
Jakobsen JC, Wetterslev J, Winkel P, Lange T, Gluud C. Thresholds for
statistical and clinical significance in systematic reviews with meta-
analytic methods. BMC Med Res Methodol. 2014;14:120.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Tri-
als. 1986;7:177-88.


https://doi.org/10.1161/JAHA.116.003725
https://doi.org/10.1177/2396987319849763
https://doi.org/10.1097/CCM.0000000000002057
https://doi.org/10.1097/CCM.0000000000002057
https://doi.org/10.1186/s13054-019-2347-3
https://doi.org/10.1186/s13054-019-2347-3
https://doi.org/10.1097/00006123-199911000-00020
https://doi.org/10.1097/00006123-199911000-00020
https://doi.org/10.1186/s13054-016-1265-x
http://www.handbook.cochrane.org
https://doi.org/10.1002/14651858.MR000033.pub3
https://doi.org/10.1002/14651858.MR000033.pub3

Ovesen et al. Scand J Trauma Resusc Emerg Med

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

(2025) 33:19

Kuss O. Statistical methods for meta-analyses including information from
studies without any events-add nothing to nothing and succeed never-
theless. Stat Med. 2015;34:1097-116.

Thorlund K, Engstrem J, Wetterslev J, Brok J, Imberger G, Gluud C. User
manusal for Trial Sequential Analysis (TSA): Copenhagen Trial Unit, Den-
mark; 2011. Available from www.ctu.dk.

Wetterslev J, Jakobsen JC, Gluud C. Trial sequential analysis in systematic
reviews with meta-analysis. BMC Med Res Methodol. 2017;17:39.
Goodman SN. Toward evidence-based medical statistics. 2: the Bayes
factor. Ann Internal Med. 1999;130(12):1005. https://doi.org/10.7326/
0003-4819-130-12-199906150-00019.

GRADEpro GDT: GRADEpro Guideline Development Tool [Software].
McMaster University, 2015 (developed by Evidence Prime, Inc.). Available
from gradepro.org.

Schiinemann H, Brozek J, Guyatt G, Oxman A, editors. GRADE handbook
for grading quality of evidence and strength of recommendations: The
GRADE Working Group. Available from guidelinedevelopment.org/
handbook; Updated October 2013.

Shadvar K, Sadaghi P, Hamishekar H, Mahmoodpoor A. Efficacy of
prothrombin complex concentrate for reversal of major bleeding

due to rivaroxaban: a pilot randomized controlled trial. J Clin Anesth.
2021;68:110093.

Connolly SJ, Sharma M, Cohen AT, Demchuk AM, Czlonkowska A,
Lindgren AG, et al. Andexanet for factor Xa inhibitor-associated acute
intracerebral hemorrhage. N Engl J Med. 2024;390:1745-55.

Savovic J, Jones H, Altman D, Harris R, Juni P, Pildal J, et al. Influence of
reported study design characteristics on intervention effect estimates
from randomised controlled trials: combined analysis of meta-epidemio-
logical studies. Health Technol Assess. 2012;16:1-82.

Bucher HC, Guyatt GH, Cook DJ, Holbrook A, Mcalister FA. Users' guides to
the medical literature: XIX. Applying clinical trial results. A. How to use an
article measuring the effect of an intervention on surrogate end points.
Evidence-based medicine working group. JAMA. 1999;282:771.

Huttner HB, Schellinger PD, Hartmann M, Kohrmann M, Juettler E, Wikner
J, et al. Hematoma growth and outcome in treated neurocritical care
patients with intracerebral hemorrhage related to oral anticoagulant
therapy: comparison of acute treatment strategies using vitamin K,

fresh frozen plasma, and prothrombin complex concentrates. Stroke.
2006;37:1465-70.

Kuramatsu JB, Gerner ST, Schellinger PD, Glahn J, Endres M, Sobesky J,

et al. Anticoagulant reversal, blood pressure levels, and anticoagulant
resumption in patients with anticoagulation-related intracerebral hemor-
rhage. JAMA. 2015;313:824-36.

Li G, LinY,Yang J, Anderson CS, Chen C, Liu F, et al. Intensive ambulance-
delivered blood-pressure reduction in hyperacute stroke. N Engl J Med.
2024;390:1862-72.

Ma L, Hu X, Song L, Chen X, Ouyang M, Billot L, et al. The third intensive
care bundle with blood pressure reduction in acute cerebral haem-
orrhage trial (INTERACT3): an international, stepped wedge cluster
randomised controlled trial. Lancet. 2023;402:27-40.

Milling TJ Jr, Refaai MA, Goldstein JN, Schneider A, Omert L, Harman

A, et al. Thromboembolic events after vitamin K antagonist reversal

with 4-Factor prothrombin complex concentrate: exploratory analy-

ses of two randomized, plasma-controlled studies. Ann Emerg Med.
2016,67(96-105):e5.

Skeate RC, Eastlund T. Distinguishing between transfusion related acute
lung injury and transfusion associated circulatory overload. Curr Opin
Hematol. 2007;14:682-7.

Pandey S, Vyas GN. Adverse effects of plasma transfusion. Transfusion.
2012;52(Suppl 1):655-795.

Marshall AL, Levine M, Howell ML, Chang Y, Riklin E, Parry BA, et al.
Dose-associated pulmonary complication rates after fresh frozen plasma
administration for warfarin reversal. J Thromb Haemost. 2016;14:324-30.
Brekelmans MPA, Ginkel KV, Daams JG, Hutten BA, Middeldorp S, Cop-
pens M. Benefits and harms of 4-factor prothrombin complex concen-
trate for reversal of vitamin K antagonist associated bleeding: a system-
atic review and meta-analysis. J Thromb Thrombol. 2017;44:118-29.
Chai-Adisaksopha C, Hillis C, Siegal DM, Movilla R, Heddle N, lorio A,
Crowther M. Prothrombin complex concentrates versus fresh frozen
plasma for warfarin reversal. A systematic review and meta-analysis.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Page 150f 16

Thrombo Haemost. 2016;116(11):879-90. https://doi.org/10.1160/
TH16-04-0266.

Hill R, Han TS, Lubomirova |, Math N, Bentley P, Sharma P. Prothrombin
complex concentrates are superior to fresh frozen plasma for emergency
reversal of vitamin K antagonists: a meta-analysis in 2606 Subjects. Drugs.
2019;79(14):1557-65. https://doi.org/10.1007/540265-019-01179-w.
Deeks JJ, Dinnes J, D’Amico R, Sowden AJ, Sakarovitch C, Song F, et al.
Evaluating non-randomised intervention studies. Health Technol Assess.
2003;7:1-173.

Odgaard-Jensen J, Vist GE, Timmer A, Kunz R, Akl EA, Schiinemann H,

et al. Randomisation to protect against selection bias in healthcare trials.
Cochrane Database Syst Rev. 2011. https://doi.org/10.1002/14651858.
MR000012.pub3.

Salcher-Konrad M, Nguyen M, Savovi¢ J, Higgins JPT, Naci H. Treatment
effects in randomized and nonrandomized studies of pharmacological
interventions: a meta-analysis. JAMA Netw Open. 2024;7:62436230.
Johansen M, Wikkelsg A, Lunde J, Wetterslev J, Afshari A. Prothrombin
complex concentrate for reversal of vitamin K antagonist treatment in
bleeding and non-bleeding patients. Cochrane Database Syst Rev. 2015.
https://doi.org/10.1002/14651858.CD010555.pub2.

Goldstein JN, Refaai MA, Milling TJ Jr, Lewis B, Goldberg-Alberts R, Hug
BA, et al. Four-factor prothrombin complex concentrate versus plasma
for rapid vitamin K antagonist reversal in patients needing urgent surgi-
cal or invasive interventions: a phase 3b, open-label, non-inferiority,
randomised trial. Lancet. 2015;385:2077-87.

Fariborz Farsad B, Golpira R, Najafi H, Totonchi Z, Salajegheh S, Bakhshan-
deh H, et al. Comparison between prothrombin complex concentrate
(PCC) and fresh frozen plasma (FFP) for the urgent reversal of warfarin

in patients with mechanical heart valves in a tertiary care cardiac center.
Iran J Pharmaceut Res. 2015;14:877-85.

Demeyere R, Gillardin S, Arnout J, Strengers PF. Comparison of fresh fro-
zen plasma and prothrombin complex concentrate for the reversal of oral
anticoagulants in patients undergoing cardiopulmonary bypass surgery:
a randomized study. Vox Sang. 2010;99:251-60.

XuY, Schulman S, Dowlatshahi D, Holbrook AM, Simpson CS, Shepherd
LE, et al. Direct oral anticoagulant- or warfarin-related major bleeding:
characteristics, reversal strategies, and outcomes from a multicenter
observational study. Chest. 2017;152:81-91.

Skaistis J, Tagami T. Risk of fatal bleeding in episodes of major bleeding
with new oral anticoagulants and vitamin K antagonists: a systematic
review and meta-analysis. PLoS ONE. 2015;10:e0137444.

Tsivgoulis G, Wilson D, Katsanos AH, Sargento-Freitas J, Marques-Matos C,
Azevedo E, et al. Neuroimaging and clinical outcomes of oral anticoagu-
lant-associated intracerebral hemorrhage. Ann Neurol. 2018;84:694-704.
Purrucker JC, Haas K, Rizos T, Khan S, Wolf M, Hennerici MG, et al. Early
clinical and radiological course, management, and outcome of intrac-
erebral hemorrhage related to new oral anticoagulants. JAMA Neurol.
2016;73:169-77.

Hoffman M, Goldstein JN, Levy JH. The impact of prothrombin complex
concentrates when treating DOAC-associated bleeding: a review. Int J
Emerg Med. 2018;11:55.

Honickel M, Akman N, Grottke O. The reversal of direct oral anticoagu-
lants in animal models. Shock. 2017,48:144-58.

Chaudhary R, Singh A, Chaudhary R, Bashline M, Houghton DE,
Rabinstein A, et al. Evaluation of direct oral anticoagulant reversal agents
in intracranial hemorrhage: a systematic review and meta-analysis. JAMA
Netw Open. 2022;5:22240145.

Gomez-Outes A, Alcubilla P, Calvo-Rojas G, Terleira-Fernandez Al, Suarez-
Gea ML, Lecumberri R, et al. Meta-analysis of reversal agents for severe
bleeding associated with direct oral anticoagulants. J Am Coll Cardiol.
2021;77:2987-3001.

Orso D, Fonda F, Brussa A, Comisso |, Auci E, Sartori M, et al. Andexanet
alpha versus four-factor prothrombin complex concentrate in DOACs
anticoagulation reversal: an updated systematic review and meta-analy-
sis. Crit Care. 2024;28:221.

Tomaselli GF, Mahaffey KW, Cuker A, Dobesh PP, Doherty JU, Eikelboom
JW, et al. ACC expert consensus decision pathway on management of
bleeding in patients on oral anticoagulants: a report of the american
college of cardiology solution set oversight committee. J Am Coll Cardiol.
2020;76:594-622.


http://www.ctu.dk
https://doi.org/10.7326/0003-4819-130-12-199906150-00019
https://doi.org/10.7326/0003-4819-130-12-199906150-00019
https://doi.org/10.1160/TH16-04-0266
https://doi.org/10.1160/TH16-04-0266
https://doi.org/10.1007/s40265-019-01179-w
https://doi.org/10.1002/14651858.MR000012.pub3
https://doi.org/10.1002/14651858.MR000012.pub3
https://doi.org/10.1002/14651858.CD010555.pub2

Ovesen et al. Scand J Trauma Resusc Emerg Med (2025) 33:19

73. Steffel J, Collins R, Antz M, Cornu P, Desteghe L, Haeusler KG, et al.
European heart rhythm association pactical guide on the use of non-

vitamin K antagonist oral anticoagulants in patients with atrial fibrillation.

Europace. 2021;23:1612-76.

74. Pollack CV Jr, Reilly PA, van Ryn J, Eikelboom JW, Glund S, Bernstein RA,
et al. Idarucizumab for dabigatran reversal—full cohort analysis. N Engl J
Med. 2017;377:431-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16



	Prothrombin complex concentrate for reversal of oral anticoagulants in patients with oral anticoagulation-related critical bleeding: a systematic review of randomised clinical trials
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study selection
	Data sources and search
	Data collection and outcome measures
	Meta-analysis
	Control of random errors in meta-analysis
	Certainty of evidence

	Results
	Included trials
	PCC versus fresh frozen plasma (FFP) in VKA-related critical bleeding
	PCC plus FFP versus FFP alone in VKA-related critical bleeding
	PCC versus FFP in factor Xa-related critical bleeding
	PCC versus andexanet alfa in factor Xa-related critical bleeding

	Discussion
	Strengths and limitations
	Comparison with other studies
	Comparison with international treatment guidelines

	Conclusion
	Acknowledgements
	References


