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ABSTRACT

Vitamin K antagonist therapy is associated with an increased bleeding risk, and clinicians often reverse anticoagulation in
patients who require emergency surgical procedures. Current guidelines for rapid anticoagulation reversal for emergency sur-
gery recommend four-factor prothrombin complex concentrate and vitamin K coadministration. The authors reviewed the
current evidence on prothrombin complex concentrate treatment for vitamin K antagonist reversal in the perioperative set-
ting, focusing on comparative studies and in the context of intracranial hemorrhage and cardiac surgery. The authors searched
Cochrane Library and PubMed between January 2008 and December 2017 and retrieved 423 English-language papers, which
they then screened for relevance to the perioperative setting; they identified 36 papers to include in this review.h
and control bleeding
effectively. In comparative studies with plasma, prothrombin complex concentrate use was associated with a greater proportion

of patients achieving target international normalized ratios rapidly, with— No differences in thromboem-
bolic event rates were seen between prothrombin complex concentrate and plasma, with prothrombin complex concentrate
also demonstrating a events. Overall, the studies the authors reviewed_

in patients requiring vitamin K antagonist reversal before

emergency surgery.

ESPITE the increasing use of non—vitamin K antago-

nist oral anticoagulants, vitamin K antagonists, such
as warfarin, are still widely used in patients with atrial fibril-
lation, venous thromboembolism, and mechanical heart
valves. In 2015, approximately 3 million patients were
prescribed warfarin in the United States alone.! As with
all anticoagulants, the main risk associated with vitamin K in patients who require
is an increased risk for bleeding. Thus,
events ranged from

patients undergoing

increasing to -
4 Consequently,

effective perioperative management is a key consideration
in this population. In patients undergoin surgeri

antagonist thera

in a systematic review o current guidelines recommend vitamin

antagonist therapy the procedure to restore

vention, while rates o in the same  patients’ international normalized ratio to a normal range
and to minimize the risk of perioperative bleeding.>* How-
Patients receiving vitamin K antagonist therapy who  ever, in patients who require an surgical proce-

is recommended

population ranged from

require surgery or an invasive procedure present a spe- dure,
cific challenge to clinicians, with an estimated 250,000 to

400,000 patients affected per year in North America alone.?

rapid vitamin K antagonist

the vitamin K—dependent coagulation factors
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Prothrombin Complex Concentrates

Table 1. Composition of Available Prothrombin Complex Concentrates

Product
(Manufacturer) Coagulation Factor Content (U) Antithrombotic Content (U)
fil \i IX X ProteinC ~ Protein S ATI
[Beripiex P/N (CSL 1460960 200-500 400-620 440-1200 300-900  240-760 4-30
Behring, Germany)
(Octapharma, 280-760 180-480 500 360-600 260-620 240-640 I
Switzerland)
Prothromplex Total 480-900 500 600 600 400 Not declared Not declared
(Shire/Baxalta, USA)
Cofact/PPSB SD/ 280-700 140-400 500 280-700 222-780 20-160 <0.6
Kanokad (Sanquin/
CAF, The Netherlands)
Uman Complex 500 Not declared 500 400 Not declared Not declared 2.5
(Kedrion, ltaly)
Profilnine (Grifols, Spain) 150 35 100 100 Not declared Not declared Not declared
Bebulin (Shire/Baxalta) Not Not Not Not Not declared Not declared Not declared
declared declared (low) declared declared
FEIBA (Shire/Baxalta) Present, mainly ~ Present,” Present,” mainly Present,” mainly Not declared Not declared Not declared
nonactivated activated nonactivated nonactivated

Data are based on the prescribing information of each product, as of January 2017.
*Indicates that values are not provided in the prescribing information, just the presence or absence of the coagulation factor.

ATIII, antithrombin Il1.

_monotherapy is recommended-
for vitamin K antagonist reversal in patients in whom surge
can be-because itcan takeH
functional factor levels and restore them to the normal range.

Therefore, in situations requirin
reversal, treatment with

vitamin K antagonist

is more commonly adminis-

o or plasma (frozen within 24 h of collection) was
traditionally used for rapid reversal of anticoagulation with

been shown from
normalized to

which are classed as
prothrombin complex concentrates (con-
taining coagulation factors II, VII, IX, and X) or
prothrombin complex concentrate (containing factors II, IX
and X, but only i table 1), are
stored at room temperature, administered in a smaller vol-
ume and shorter infusion time than plasma, and are
to minimize the risk of pathogen transmission.
Current treatment recommend prothrombin
complex concentrates, specificall
with
as the preferred therapy for
nist reversal (table 2).56210

The perioperative management of hemostasis in patients

levels of factor

vitamin K antago-

receiving vitamin K antagonists was previously reviewed in
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this journal in 2008."! Since then, multiple new studies have
investigated vitamin K antagonist reversal in perioperative
and periprocedural settings, and prothrombin complex con-
centrates have become more widely available in the United
States and are recommended in guidance documents.
Despite the fact that prothrombin complex concentrate is
recommended in all guidelines, plasma is still frequently
administered for vitamin K antagonist reversal.'* This article
provides an update on the latest evidence for the use of pro-
thrombin complex concentrates in patients requiring urgent
vitamin K antagonist reversal for emergency surgery, but it
also reviews current use for non—vitamin K antagonist oral
anticoagulant reversal.

Materials and Methods

A Cochrane Library and PubMed search for publications
between January 2008 and December 2017 was conducted
with the following search terms: prothrombin complex
concentrate® AND (warfarin OR [vitamin K antagonist*]).
The search retrieved 423 English-language papers, which
were then screened for relevance to the perioperative set-
ting (fig. 1). We excluded preclinical studies and reviews but
included all other studies, including case studies.

In total, 35 papers investigating the use of prothrombin
complex concentrate for vitamin K antagonist reversal in
perioperative settings were identified and included in this
review. A further paper investigating prothrombin complex
concentrate use in cardiac surgery was identified through a
recent meta-analysis of warfarin reversal with prothrombin
complex concentrate or fresh frozen plasma,'? bringing the
total number of papers included to 36. Of these papers, six
studies in cardiac surgery and three in neurosurgical settings
were identified.

Levy et al.
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EDUCATION

Table 2.
Events or Requiring Surgery

ecommendations for Reversal of Vitamin K Antagonist Anticoagulation in Patients with Bleeding

Guidance

Condition [US Guidelineseoss07

[Etropean Guidelines®°

Elective surgery

surgery

Emergency surgery

- bleeding
- or life-

threatening
bleeding

with

¢ In patients with VKA-associated ICH
o PCCs might be considered over FFP

o If INR > 1.4: 10 mg intravenous vitamin K

e Cessation of VKAs approximatelyl-- o

. PCC Goncomitant with 510 10mg
should be administered

VKAs should - be taken fo_ surgery

PCC should not be used to enable elective surgery

lshould be administered in
patients whose surgery can be

e In patients with life-threatening bleeding and an INR
> 1.5, and
vitamin K should be administered

¢ 1 to 3mg intravenous vitamin K should be administered

o concomitant with _
intravenous vitamin K should be administered

. - is-recommended for anticoagulation in this
setting

over plasma

plus 3F- or 4F-PCC should be administered

3F, three-factor; 4F, four-factor; FFP, fresh frozen plasma; ICH, intracranial hemorrhage; INR, international normalized ratio; PCC, prothrombin complex
concentrate; rFVlla, activated recombinant factor VII; VKA, vitamin K antagonist.

Papers identified through search
(n=423)

Papers excluded (n=301)
[* Reviews
[ Preclinical studies
" Not assessing VKA reversal with PCC

Relevant papers selected

(n=122)

‘ Papers excluded (n=87)
r Not in perioperative setting

Studies conducted in
perioperative setting
(n=35)

|
[ 1 1

Cardiac surgery setting
(n=6)

Other surgery settings
(n=26)

ICH surgery settings
(n=3)

Fig. 1. Literature search process. ICH, intracranial hem-
orrhage; PCC, prothrombin complex concentrate; VKA,
vitamin K antagonist.

Results

Noncomparative Studies of Prothrombin Complex
Concentrates

The majority of studies identified in the search were of a
retrospective observational design, with limited numbers of
patients and lacking a comparator treatment arm. In general,
perioperative bleeding episodes were well controlled with
prothrombin complex concentrate therapy. The percent-
age of patients achieving effective hemostasis (no reports of
excessive bleeding or bleeding controlled with no require-
ment for additional products) ranged from 90 to 100%,'"
while in a study of 20 patients treated with a four-factor
prothrombin complex concentrate, blood loss decreased sig-
nificantly, from an average of 829ml in the 6h preceding

Anesthesiology 2018; XXX:00-00
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four-factor prothrombin complex concentrate administra-
tion to 283 ml Gh after administration.?

Reversing vitamin K antagonist anticoagulation, as
reflected by a normalized international normalized ratio,
is often required for most surgeries and procedures. In the
studies identified, prothrombin complex concentrate ther-
apy consistently reduced patients” international normalized
ratio to 1.1 to 1.9 from baseline values of 1.6 to 4.2.1>1020-35
These reduced international normalized ratios are in line
with the target international normalized ratio for patients
undergoing surgery of less than 1.5.%

As well as reducing the risk for bleeding during surgery,
rapid vitamin K antagonist reversal with prothrombin complex
concentrates may also reduce time to surgery. For minor proce-
dures such as a lumbar puncture, the time between administra-
tion of prothrombin complex concentrate and the start of the
procedure was as short as 15 to 30 min.!®?* In patients requir-
ing more extensive surgery (e.g., heart transplantation, neuro-
surgery), this period ranged from 2.5 to 5.2h.222336

All-cause mortality rates were generally between 10% and
25%,1422:233037 although one study in patients requiring
neurosurgery because of a life-threatening intracranial hem-
orrhage reported a mortality rate of 43.5%.%! It should be
noted that this study included high-risk patients with serious
head trauma; the authors also highlighted that delays in ther-
apy administration, subtherapeutic doses of prothrombin
complex concentrate, and incorrect vitamin K use may also
have been factors contributing to this high mortality rate.?!

Studies Comparing Prothrombin Complex Concentrate
and Fresh Frozen Plasma or Plasma

Given that fresh frozen plasma or plasma is still often used
by clinicians for the urgent reversal of vitamin K antagonist

Levy et al.
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anticoagulation, it is pertinent to look at studies that spe-
cifically compared this treatment option with prothrombin
complex concentrate in patients undergoing emergency sur-
gical procedures. Overall, three randomized trials®* and
one retrospective study*! comparing these treatment options
in this setting were identified. Outside of the literature
search, a further study was identified that investigated the
administration of prothrombin complex concentrate

fresh frozen plasma in patients who experienced coagulopa-
thy while undergoing elective pulmonary endarterectomy
(table 3).%2 All studies used either fresh frozen plasma or
lasma frozen within 24h of collection (frozen plasma).

levels of factors
therefore, for
ozen plasma and

in frozen
the purposes of this review, the terms fres
plasma can be used

Effect of Prothrombin Complex Concentrate versus
Plasma on International Normalized Ratio
In the randomized trials,

was consistently shown to re!uce t!e internation!' norma'-
ized ratioﬁthan plasma. One study, by Goldstein

et al., in various surgical indications demonstrated superior-
ity of four-factor prothrombin complex concentrate over
plasma for rapid international normalized ratio reduction,
with
bin complex concentrate achieving a

of patients treated with a four-factor prothrom-

after the end of infusion (treatment
difference, 45.3%; 95% CI, 31.9 to 56.4%; P < 0.0001).40
Patients undergoing cardiac surgery with cardiopulmonary
bypass demonstrated a significant treatment difference
15 min after infusion, with 17.5% of patients receiving four-
factor prothrombin complex concentrate achieving a target
international normalized ratio of 1.5 or less compared to no
patients who received fresh frozen plasma (P = 0.0068).%
These quicker international normalized ratio reduction
times seen with prothrombin complex concentrate com-
pared with plasma should also be considered in the context
that needs to be administered

, which leads to a shorter
us, in the Goldstein e a/. study, mean
infusion times were 21 min for four-factor prothrombin

infusion time.

complex concentrate and 141 min for plasma. Therefore,
despite plasma having almost two additional hours to start
exerting a treatment effect, international normalized ratio
reduction 30 min after end of infusion was still superior with
four-factor prothrombin complex concentrate.’

An important advantage of a more rapid and predictable
international normalized ratio reduction is the ability to pro-
ceed to surgery quickly in emergency situations. The length
of time from start of infusion to start of surgery was reported
in one study: patients who received four-factor prothrombin
complex concentrate had a significantly shorter median time

Anesthesiology 2018; XXX:00-00
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Prothrombin Complex Concentrates

to surgery than did patients who received plasma vs.
8.5h, respectively; P = 0.0098).9 In a post hoc analysis of
patients with gastrointestinal bleeding requiring procedures
in the Goldstein ez al. study and in another study investi-
gating four-factor prothrombin complex concentrate for
warfarin reversal in patients with acute bleeding,’? the mean
time between the start of treatment and the first procedure
was significantly shorter in patients given four-factor pro-
thrombin complex concentrate than in those given plasma
(P=0.037).4

Unlike the randomized trials, the retrospective analysis
comparing prothrombin complex concentrate versus fresh
frozen plasma in patients undergoing emergency neurosur-
gery did not investigate the time taken to achieve interna-
tional normalized ratio reversal. However, both prothrombin
complex concentrate and fresh frozen plasma were shown
to significantly decrease the international normalized ratio
from baseline (P < 0.001), with no significant difference
between either group for posttreatment values.?!

Plasma on Clinical
As well as demonstrating more rapid international nor-
malized ratio reduction, four-factor prothrombin complex
concentrates have also been associated with greater clini-
cal efficacy than plasma. In a study by Goldstein ez al. in
atients undergoing various surgical or invasive procedures,

Effect of Prothrombin Comilex Concentrate versus

(defined as intraoperative blood loss not
exceeding predicted loss by 50 ml or 30%, normal hemosta-
sis, and no requirement for additional coagulation products)
was achieved in of patients who received four-factor
prothrombin complex compared with

of patients who received This treatment difference
was significant (P = 0.0142) and demonstrated the superi-
ority of four-factor prothrombin complex concentrate over
plasma.® In another study involving patients who received

four-factor prothrombin complex concentrate or plasma
for vitamin K antagonist reversal while undergoing elective
pulmonary endarterectomy, cumulative blood loss was sig-
nificantly lower up to 12 h postoperatively in the four-factor
prothrombin complex concentrate group than in the plasma
group (277 ml and 650 ml, respectively; P = 0.0078).%2

In general, similar numbers of patients receiving pro-
thrombin complex concentrate and plasma required transfu-
sions of additional blood products (i.c., platelets, erythrocytes,
cryoprecipitate).“*42 However, one study in patients under-
going cardiopulmonary bypass reported a significantly greater
proportion of patients who received plasma requiring addi-
tional doses of plasma or four-factor prothrombin complex
concentrate versus patients who originally received four-factor
prothrombin complex concentrate (100% vs. 30% of patients
receiving plasma or four-factor prothrombin complex concen-
trate, respectively; P < 0.001).%

Mortality rates were reported in two studies. Although
fewer deaths occurred among patients who received

Levy et al.
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Table 3. Comparative Studies of PCC versus Plasma for Urgent VKA Reversal in Perioperative Settings, 2008 to 2017

Citation and Surgical Patients PCC Used
Location of Study Study Design  Indication (N) (Manufacturer) Comparator Key Efficacy Results Key Safety Results
Agarwal et al.*! Retrospec- Neurosurgery PCC: 28 Not specified FFP ¢ INR decreased from 3.36 to 1.36 with ¢ 1 and 0 TEEs were reported in the PCC
(United States) tive cohort FFP: 35 PCC and 2.92 to 1.33 with FFP and FFP groups within 72h after infusion
analysis ¢ No significant difference between post- ¢ No significant difference in inhospital
treatment INR for the PCC and FFP mortality rates were observed (PCC,
groups 17.9%; FFP, 14.3%)
Demeyere et al.®® Prospective, Cardiac PCC: 18 Cofact (Sanquin, FFP e 15min after CPB, INR < 1.5 was e 7 and 9 AEs were reported in the PCC
(Belgium) randomized,  surgery FFP: 20 The Nether- reached by 7 and 0 patients receiving and FFP groups, respectively
two-arm, lands) PCC and FFP, respectively e 2 patients in the FFP group reported
open-label o Median INR decrease was greater with excessive oozing
PCC (from 2.7 to 1.6) than with FFP (2.6
to 2.3) 15min after CPB
e 6 and 20 patients required an additional
dose to reach INR target in the PCC and
FFP groups, respectively
Fariboz Farsad et al.*® Randomized Cardiac PCC: 25 Uman Complex FFP e 30min after infusion, mean INR ¢ No cases of hemorrhage were
(Iran) study com- procedure FFP: 25 (Kedrion, Italy) decreased from 4.02 to 2.34 for the reported
paring PCC PCC group and from 4.88 to 3.1 for FFP
with FFP ® 76% and 20% of patients achieved
INR < 2.5 in the PCC and FFP groups,
respectively
* 20% and 68% of patients needed addi-
tional doses to achieve target INR in the
PCC and FFP groups, respectively
Goldstein et al.*° Phase 3b, Urgent PCC: 89 Beriplex/Kcentra FFP e Effective hemostasis was achieved in e AEs were seen in 56% and 60%
(United States, prospective surgery FFP: 90 (CSL Behring, 90% and 75% of patients in the PCC of patients in the PCC and plasma
Belarus, Bulgaria, randomized, Germany) and plasma groups, respectively groups, respectively
Lebanon, Romania, open-label, ¢ INR < 1.3 at 30min after administra- e TEEs occurred in 7% and 8%, fluid
Russia) active- tion was achieved in 55% and 10% of overload developed in 3% and 13%,
control, patients in the PCC and plasma groups, and late bleeding occurred in 3% and
multicenter respectively 5% of patients in the PCC and plasma
study ¢ Median time from start of infusion to groups, respectively
start of surgery was significantly shorter e By day 45, 3 and 8 deaths were reported
in the PCC group (P = 0.0098) in the PCC and plasma groups, respec-
tively. Only one death (plasma group) was
deemed related to treatment
Ortmann et al.*? Exploratory Cardiac PCC: 45 Beriplex/Kcentra FFP e Cumulative blood loss was lower in the e No DVT, pulmonary embolisms, or Mls
(United Kingdom) cohort surgery FFP: 55 (CSL Behring) PCC group 1 at 12h after surgery than were seen in either group
study and Octaplex in the FFP group ¢ Rates of cerebral infarction, hemor-
(Octapharma, e Similar numbers of units of erythrocytes rhage, and 30-day mortality were
Switzerland) were transfused in both groups similar between the two groups
Refaai et al.* Post hoc Gl bleeding PCC: 22 Beriplex/Kcentra FFP ¢ INR < 1.3 30min after infusion was e TEEs occurred in 1 and 2 patients in
analysis FFP: 20 (CSL Behring) achieved in 65% of patients with PCC the PCC and FFP groups, respectively

vs 0% in patients with FFP

Median time between start of treatment
and first procedure was 17.5h with PCC
vs 23.9h with FFP

1 and 4 fluid overload events occurred
in the PCC and FFP groups, respec-
tively

AE, adverse event; CPB, cardiopulmonary bypass; DVT, deep vein thrombosis; FFP, fresh frozen plasma; INR, international normalized ratio; MI, myocardial infarction; PCC, prothrombin complex concentrate;

TEE, thromboembolic event.
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four-factor prothrombin complex concentrate than among
patients who received plasma (3.4% vs. 9.1%% and 6.7%
vs. 7.3%"2), this difference did not reach statistical signifi-
cance.®*¥2 A recent systematic review and meta-analysis of
13 studies comparing prothrombin complex concentrate
versus plasma in patients with warfarin-related bleeding also
demonstrated a nonsignificant reduction in mortality out-
comes in a subgroup analysis of studies evaluating patients
who underwent urgent surgical procedures.'? By contrast,
when all warfarin-related bleeding events were included, and

not just those in the perioperative setting, this meta-analysis

demonstrated that prothrombin complex

apy was associated with a
hcompared with plasma (2 = 0.0006).

factor Prothrombin Gomplex
factor Prothrombin Complex

Studies Gomparin
Concentrates and
Concentrates

Both three- and four-factor prothrombin complex con-
centrates were used in the studies identified in our search,
although these different for-
mulations in a surgical setting. However, current guidelines
recommend the use of four-factor prothrombin complex
concentrates for patients who require rapid vitamin K antag-

onist reversal.® These recommendations are aligned with the
findings of retrospective studies conducted in patients expe-
riencing major bleeding, which have demonstrated that a
greater proportion of patients achieved vitamin K antagonist
reversal (as measured by achievement of target international
normalized ratios ranging from 1.3 or less to 1.5) with four-
factor prothrombin complex concentrate than three-factor
prothrombin complex concentrate,”>#® reaching statistical
significance in two studies.®*” One study also reported a
significantly higher mortality rate (2 = 0.001) in patients
who received three-factor than in patients who received four-
factor prothrombin complex concentrate. s

Studies Gomparing Prothrombin Gomplex GConcentrate

Despite being use of recombinant FVIIa has
been reported for vitamin K antagonist reversal.

Two retrospective studies investigated the
use of recombinant FVIIa in comparison with a three-
factor prothrombin complex concentrate. In one analysis,
was shown to reduce the international
normalized ratio than prothrombin complex
concentrates, although this difference did
with a greater proportion of patients receiving

recombinant

result in

recombinant FVIIa experiencing hematoma expansion.’!
The second study also reported more rapid international
normalized ratio reduction with recombinant FVIIa versus
prothrombin complex concentrate; however, there were no

Anesthesiology 2018; XXX:00-00
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significant differences in thromboembolic events or mor-
tality rates.”? In another retrospective review, a significantly
greater proportion of patients achieved a target interna-
tional normalized ratio of less than 1.3 when receiving a
combination of three-factor prothrombin complex con-
centrate and recombinant FVIIa (79.4%) compared with
patients who received either recombinant FVIla (45.7%)
or four-factor prothrombin complex concentrate (50%)
alone; however, this combination therapy was associated
with a significantly higher proportion of deep vein throm-
boses (18.7%) than was associated with either recombinant
FVIla (4.2%) or four-factor prothrombin complex con-
centrate (6.1%).%* The high number of patients achieving
international normalized ratio less than 1.3 and experienc-
ing deep vein thromboses with the combination therapy
might be indicative of “double dosing” of coagulation fac-
tors and the fact that three-factor prothrombin complex
concentrates lack small amounts of anticoagulant factors
(protein C and S) present in four-factor prothrombin com-
plex concentrates.>
Current guidelines do

for urgent vitamin K antagonist anticoagulation
reversal.>® Further investigative studies would be beneficial
to compare the efficacy and safety of prothrombin complex
concentrates and rFVIIa to help inform future practice.

Studies Gonducted in Specific Surgical Indications

The majority of surgeries carry an inherent risk of bleed-
ing; however, certain surgical indications are associated with
an increased bleeding risk in patients receiving vitamin K
antagonists.” Furthermore, uncontrolled bleeding in patients

undergoing cardiac, intracranial, or spinal surgery can result
3

in serious clinical consequences.
- Intracranial hemorrhage is a par-

ticular concern in patients treated with vitamin K antago-
nists. A report from a large U.S. cohort of more than 13,500
patients with atrial fibrillation demonstrated that almost
88% of deaths resulting from warfarin-associated bleed-
ing were intracranial hemorrhage events, and more than
40% in patients who developed an intracranial hemorrhage
died.* Although surgical intervention in cases of intracra-
nial hemorrhage remains controversial, it can be considered
in patients who are deteriorating neurologically, have brain-
stem compression or hydrocephalus as a result of ventricular
obstruction,’® or those with supratentorial intracranial hem-
orrhage and a Glasgow coma score of 9 to 12.%°

Few studies have investigated vitamin K antagonist
reversal in patients with intracranial hemorrhage in the
perioperative setting, and a comprehensive examination of
prothrombin complex concentrate use in patients present-
ing with intracranial hemorrhage, not just those requiring
surgical intervention, is outside the scope of this review.
A retrospective analysis by Agarwal et al. investigated
prothrombin complex concentrate use wversus plasma in
warfarin-treated patients undergoing emergency surgery

Levy et al.
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for treatment of intracranial hemorrhage.?! As highlighted
earlier, both prothrombin complex concentrate and plasma
significantly reduced the international normalized ratio
from baseline (P < 0.001); however, no difference between
the posttreatment international normalized ratio values
were seen between prothrombin complex concentrate and
plasma. In-hospital mortality rates were similar between
the two treatments with a rate of 17.9% and 14.3% in
the prothrombin complex concentrate and plasma groups,
respectively.?!

In studies investigating plasma and prothrombin com-
plex concentrate treatment in warfarin-treated patients pre-
senting with intracranial hemorrhage and not just patients
undergoing neurosurgery, prothrombin complex concen-
trate use versus plasma resulted in more rapid international
normalized ratio reversal,’’~®" and a greater proportion
of patients achieved the target international normalized
ratio.’®5%61:62 Mortality rates were not significantly differ-
ent between treatments,*!:>:5%:63:64 and fewer patients expe-
rienced neurologic deterioration® or required neurosurgical
intervention after prothrombin complex concentrate treat-
ment.”’ In a study comparing plasma, three-factor pro-
thrombin complex concentrate, and recombinant FVIIa in
patients with intracranial hemorrhage, time to anticoagula-
tion reversal was almost twice as long with plasma than with
three-factor prothrombin complex concentrate or recom-
binant FVIIa; international normalized ratio rebound was
seen more frequently in patients who received recombinant
FVIIa than in those who received either plasma or pro-
thrombin complex concentrate, and the mortality rate was
lowest in patients who received three-factor prothrombin
complex concentrate (although it should be noted that the
population size for these groups was small).®> In another
retrospective study conducted in the intracranial hemor-
rhage setting, recombinant FVIIa was shown to reduce
the international normalized ratio to 1.3 or less in 83% of
patients, compared with only 20% of patients treated with
three-factor prothrombin complex concentrate. However,
this improved international normalized ratio reversal did
not translate into clinical efficacy, with hematoma expan-
sion occurring in a greater proportion of patients receiving
recombinant FVIla.>!

Cardiac Surgery. Major bleeding events in patients undergo-
ing cardiac surgery have been shown to significantly increase
the risk of operative mortality and are also a precursor to
reoperation and increased erythrocyte transfusions, both of
which are associated with increased morbidity and mortal-
ity.% As such, rapid vitamin K antagonist reversal is essential
for patients requiring emergency cardiac surgery. In a study
in patients undergoing cardiopulmonary bypass, interna-
tional normalized ratio reversal to 1.5 or less within 15 min
was achieved in 35% of patients who were administered
four-factor prothrombin complex concentrate compared
with 0% of plasma recipients,® whereas another study of
prothrombin complex concentrate in patients undergoing

Anesthesiology 2018; XXX:00-00 7

heart transplantation showed that 12% and 75% of patients
achieved an international normalized ratio less than 1.5 and
less than 1.7, respectively, before transplantation.®’ Inter-
national normalized ratio reduction to less than 1.5 was
achieved in all four patients in a small case series of patients
undergoing heart transplantation; however, the average time
to achieve this was 2.45h (still within the recommended 2-
to 3-h window between dosing and incision).*

In comparison with plasma, prothrombin complex con-
centrate treatment was associated with a more rapid inter-
national normalized ratio decrease,®® a greater proportion of
patients achieving the target international normalized ratio
before cardiac surgery,® and less cumulative postoperative
blood loss.**%? Nonsignificant decreases in blood product
use (e.g., red blood cells, plasma, platelets, and cryopre-
cipitate), patients requiring reoperation for bleeding, and
in-hospital mortality were also seen in patients undergoing
heart transplantation treated with four-factor prothrombin
complex concentrate compared with a nonfactor concen-
trate historical control group.®’

In a retrospective analysis of patients undergoing ortho-
topic heart transplantation, significantly fewer units of
cryoprecipitate and packed erythrocytes were transfused
in patients who received four-factor prothrombin com-
plex concentrate than in those who did not (P < 0.001).%
Furthermore, the median time to chest closure was signifi-
cantly shorter in patients receiving four-factor prothrombin
complex concentrate (547.9 min) versus those who did not
(618.8 min; P = 0.008).%® No significant difference in in-
hospital mortality was observed.®®

Reversing Vitamin K Antagonist Therapy in Trauma
Patients
Patients who receive vitamin K antagonist therapy and pres-
ent with trauma represent a challenging medical emergency.
In the United States, the proportion of trauma patients
who take warfarin has been shown to be approximately 4%,
which increases to almost 13% when considering patients
older than 65 yr.?” Furthermore, anticoagulant use before
trauma has been associated with an increased risk of mortal-
ity, even when adjusting for confounders such as age and
preexisting medical conditions.**”°

While rapid reversal of the anticoagulant effect is essen-
tial in any vitamin K antagonist—treated patient suffer-
ing a traumatic injury, simply replenishing the vitamin
K—dependent coagulation factors does not provide volume
replacement, which is often required in patients who are in
hypovolemic shock after major blood loss. For patients with
a suspected massive bleed, current European guidelines rec-
ommend transfusion of fresh frozen plasma (or pathogen-
inactivated plasma) in conjunction with packed erythrocytes
in a plasma—erythrocyte ratio of at least 1:2.7! The recent
Pragmatic, Randomized Optimal Platelet and Plasma Ratios
(PROPPR) trial investigated the effectiveness and safety
of a 1:1:1 plasma, platelet, erythrocyte transfusion ratio
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compared with a 1:1:2 raffoNo signi cant di erences four-factor prothrombin complex concentrate with three-
were seen in overall mortality aftdr @430 days; however, factor prothrombin complex concentrate plus recombinant
the 1:1:1 transfusion ratio was associated with a signi caftlila, the combination therapy of a three-factor prothrom-
greater proportion of patients achieving hemostasis (86.4# complex concentrate and recombinant FVlla achieved
vs 78.1%; P = 0.006) and signi cantly fewer patients dyiray signi cantly lower international normalized ratio than
from exsanguination (9.2% ¥4.6%; P = 0.03}. did four-factor prothrombin complex concentrate (0.75 vs
However, the administration of large amounts of fredh28;P < 0.001); however, no di erence was seen between
frozen plasma and erythrocytes to restore blood volume tcaatments for patients achieving a target international nor-
lead to a dilution of the coagulation factors, which delayslized ratio less than 1I’%-urthermore, the combination
coagulopathy rever§ahs such, the administration of pro-therapy was associated with a signi cantly increased risk of
thrombin complex concentrate in conjunction with frestieep vein thrombosis development compared with the four-
frozen plasma has been proposed as an alternative therépetor prothrombin complex concentrate group (22.6% vs
tic option for the rapid correction of traumatic coagulop&-9%; P = 0.01).
thy while also restoring volume and should be consideredese studies demonstrate that prothrombin complex
in a vitamin K antagonist-treated patient. While studie®ncentrate results in a rapid reversal of the coagulopathy,
have also investigated three-factor prothrombin compiesxmeasured by the international normalized ratio. However,
concentrate for the treatment of traumatic coaguldpéthy, as stated earlier, it is important to remember that because of
four-factor prothrombin complex concentrate is reconts concentrated nature, prothrombin complex concentrate
mended by current guidelines for the reversal of vitamindges not provide the volume support that can be required to
antagonist—related anticoagulati®hi®and a number of correct hypoperfusion associated with major blood loss, and,
studies have investigated the use of four-factor prothromthiarefore, administration of plasma is still recommended in
complex concentrate to reverse the anticoagulant e ecthis patient populatioft.
vitamin K antagonist-treated trauma pati€§8g>7"7In a
retrospective study of four-factor prothrombin complex cog«
centrate administered to 26 trauma patients on warfarin, thie Historically, the use
mean international normalized ratio was shown to signof prothrombin complex concentrates has been associated
cantly decrease from 5.7 to 1.5 (P < 0.001), and this decrediea potential increase in venous thromboembolic events,
was sustained for more than 2 &alyls. patients developed possibly because activated coagulation factors were included
venous thromboembolic events, and no in-hospital mortalitythe previous formulations of prothrombin complex con-
was reporte®. A prospective study investigated four-factarentrate but also because patients on anticoagulants are
prothrombin complex concentrate treatment for warfaritreated for hypercoagulable disorders. Current formulations
associated coagulopathy after traumatic brain Sthjuary. use nonactivated clotting factors and include antithrom-
ve patients treated with four-factor prothrombin complekotic components (protein C and S), which may mitigate
concentrate, the international normalized ratio was corredtee risk of developing venous thromboembolic €%émis.
to 1.2 or less from a baseline of more than 2.0 in all patiem&ta-analysis of 27 studies investigating prothrombin com-
for patients requiring surgery, the time to anesthesia indplex concentrate therapy for vitamin K antagonist—treated
tion was 15fnin, which compared favorably to patientgatients in various settings, the overall risk of venous or arte-
who received fresh frozen plasman@®@)7° Administra- rial venous thromboembolic events was only 1.4%, which
tion of four-factor prothrombin complex concentrate hagecreased to 0.8% in the subset of patients undergoing a
also been shown to result in signi cantly lower transfusisargical procedufe.
requirements of erythrocyte and platelet concentrate units (Rn the studies identi ed in our search, rates of venous
< 0.001), as well as fewer trauma patients requiring trangfivtemboembolic events in patients receiving prothrom-
sion compared with patients receiving fresh frozen flasmiain complex concentrates varied considerably, from 0 to
When comparing with prothrombin complex concen26.3%1%222325:31.37:416481-83\le  also identied two case
trates, four-factor prothrombin complex concentrate hatudies that each reported a patient undergoing surgery who
been shown to result in a signi cantly lower internationdkeveloped a venous thromboembolic event withiaftér
normalized ratio (1.3.V6.6; P < 0.001) and a signi cantly three-factor prothrombin complex concentrate administra-
greater proportion of trauma patients achieving succestful.>>2*It should be noted that many of these studies included
reversal of anticoagulation (83% 5@%0; P = 0.022Y. few patients, and the patient populations investigated often
ree-factor prothrombin complex concentrate was alsthad a number of comorbidities; moreover, once vitamin K
associated with a greater number of venous thromboembeniagonist therapy is reversed, the underlying risk that rst
events in patients, compared with four-factor prothrombirecessitated anticoagulation is restored, and as a result, caution
complex concentrate (15% 0%0), although this di er- should be taken when interpreting these ndings.
ence did not reach statistical signi cdhte.a retrospec- In a comparative study of patients requiring vitamin K
tive analysis of warfarin-treated trauma patients comparamjagonist reversal before heart transplantation, venous
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thromboembolic events were reported more frequentlyfour-factor prothrombin complex concentrate demonstrated
patients receiving three-factor prothrombin complex contd overload evenf§.Taken together, these safety ndings
centrate than with a historical cohort who received vitarare in line with those reported in a recent meta-analysis of
K and plasma (18.7%s.10%, respectively), although thiswarfarin-treated patients who required urgent reversal owing
dierence was not signi caftt.In another comparative to major bleeding or urgent surgical intervention: no signi -
study of four-factor prothrombin complex concentrate arwdnt di erence between prothrombin complex concentrate
plasma in patients undergoing emergency surgery, no sigamned plasma was seen in relation to thromboembolic risk, and
cant di erence was noted in the percentage of patients witfd overload was less likely in patients treated with pro-
venous thromboembolic events, with 7% and 8% of patietitsombin complex concentrate than in patients treated with
who received prothrombin complex concentrate and plasplasma? In summary, large volumes of plasma are required
respectively, experiencing a venous thromboembolit® evett, reverse vitamin K antagonists; however, they ine ectively
which is in line with a recent meta-analysis demonstratingincrease the concentration of coagulation factors, expose
increase in risk of venous thromboembolic events with ppatients to allogeneic blood products with all the inherent
thrombin complex concentrates compared with pldsmaisks, and should not be recommended or used for vitamin K
However, none of the studies were designed to compareattitagonist reversal as also recommended in guidelines.
incidence of thromboembolic events between prothrombin
complex concentrates and plasma.

Across four studies, no signi cant di erences in overall
adverse event rates were seen in patients who received?prox
thrombin complex concentrate compared with patients who contrast with vitamin K antagonists, the non-vitamin
received plasrf&?®4?0One study reported similar rates of lat&k oral anticoagulants speci cally inhibit either coagulation
bleeding events in four-factor prothrombin complex concdactors lla or Xa, and unlike vitamin K antagonists, have
trate—treated patients and plasma-treated p&tiemtsieas few drug—drug interactiofisHowever, as with vitamin K
another study reported abnormal bleeding in two patiemstagonists, increased bleeding risk remains a concern with
who received plasma but none in those treated with fonon—vitamin K oral anticoagulafitén cases of emergency
factor prothrombin complex concentfdtese abnormal  surgical intervention, there are currently no approved spe-
bleeding events were likely linked to plasma’s lower e ectuies reversal agents for factor Xa inhibitors, although andex-
ness at reducing patients’ international normalize#fratio. anet alfa, a recombinant factor Xa decoy receptor protein,

Because rapid infusion of prothrombin complex concewas approved in May 2018 for patients treated with riva-
trates have potential safety concerns, a multinational trialaban and apixaban, when reversal of anticoagulation is
evaluated 43 patients given prothrombin complex concereeded because of life-threatening or uncontrolled bleeding.
trates for emergency warfarin reversal to evaluate the e@cise of speci ¢ reversal strategies for non—vitamin K oral
of the infusion rate on international normalized ratio coanticoagulants, also called antidotes, is an evolving strategy
rection and thrombogenic#y.e infusion speed ranged for treating bleeding with these ag&nittowever, andex-
from 2.0 to 40.0nl/min (median of 7.8l/min). e inves- anet has not been studied in surgical patients and will be
tigators noted that the speed of infusion did not a ect thevailable initially in a limited number of medical centers; its
international normalized ratio measured atiB@fter pro-  role for perioperative use remains to be determined.
thrombin complex concentrate completion, and measuredBased on preclinical evidence and recent reports, current
thrombogenicity parameters were not a ected by infusiguidelines suggest that prothrombin complex concentrates
speed® Currently, recommendations for four-componentould be used as part of a multimodal approach in patients
prothrombin complex concentrate administration is recorequiring urgent surgery or experiencing life-threatening
stitution in 20ml, and the solution should be administeredhleeding®°°-°3 Infusion of four-factor prothrombin com-
intravenously (not more than 3 k¢ -min!, maximum plex concentrate has been shown to reduce prothrombin time
210 U/min, approximatelyrBl/min). and/or increase endogenous thrombin potential in studies of

Owing to the increased volumes admhealthy volunteers or patients who received apixaban, edoxa-

istered with plasma compared with prothrombin conban, or rivaroxabdfr°¢ Furthermore, infusion of four-factor
plex concentrate, there is a greater risk of uid overloadpimthrombin complex concentrate after edoxaban administra-
patients treated with plasffidn the study by Goldstein et tion demonstrated a dose-dependent e ect on reducing bleed-
al., uid overload or similar cardiac events were reportied duration and volume within 80n, with a dose of 50 U/
in 3% of patients who received four-factor prothronkg decreasing bleeding duration and volume below baseline
bin complex concentrate, compared with 13% of patiedé&vels in patients receiving therapeutic foses.
who received plasffan another study, one patient who An increasing amount of clinical data on prothrombin
received plasma experienced a signi cant increase in poiplex concentrate use for treatment of acute major bleed-
monary and/or atrial pressure after plasma administrationg associated with factor Xa anticoagulation is emerging from
which is indicative of uid overload; no patients treated witarge patient registries and observational studies. Data from

Anesthesiology 2018; XXX:00-00 9 Levy et al.

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



a large prospective registry of patients receiving non—vitacgigsation of bleeding was good in 65%, moderate in 20%,
K oral anticoagulants, the Dresden reffistigmonstrated and poor or none in 15% of patients and included patients
the rates, management, and outcome of rivaroxaban-relatgd intracranial hemorrhage or gastrointestinal bleeding.
bleeding. Of 1,776 patients, 66 patients experienced a m&werall reversal was considered to be e ective in 68% of
bleeding event and six patients received prothrombin complatients and ine ective in 32%, and mortality was 14% in
concentrates (dose range, 18 to 47 U/kg). Only one pati@6tdays, with an 8% risk of thromboembolic e¥énts.

had a signi cant improvement in coagulation parameters

(international normalized ratio, prothrombin time ratio, and

activated partial thromboplastin time); however, ve of the
patients demonstrated hemorrhage stabiliZatioa retro-
spective review of patients developing hemorrhage seco
to dabigatran or rivaroxaban therapy, a median dose of 4qj
kg prothrombin complex concentrate was administered irb

of 25 patient¥2° All three patients had rivaroxaban-associat bothrombin complex concentrates consistently and rapidly

bleeds (one major, wo life threatening), and administratigty, ceq patients’ international normalized ratio. Compara-

of prothrombin complex concentrate successfully resolvedghie o1 gies with plasma demonstrated greater clinical e -
bleeding in all cadé3Wwith regards to the perioperative Setbacy with prothrombin complex concentrates in patients
ting, a retrospective, multicenter study investigated pati

. > er’%t&uiring emergency surgery. Furthermore, prothrombin
who received four-factor prothrombin complex concentrate B?fmplex concentrate treatment was associated with lower

treatment of the anticoagulation e ects of factor Xa inhibito|r§tes of uid overload owing to its lower infusion volume
when developing a pericardial e usion during or after atrglynared to plasma and no instances of viral transmission.
brillation ablation’" In total, 11 patients were administereds o4t «ombin complex concentrates are recommended in
four-factor prothrombin complex concentrate. Two patients;iqelines for rapid reversal of anticoagulation in vitamin
required further surgery for treatment of the pericardial e - antagonist—treated patients and represent an important

sion, and the other nine patients were hemodynamically Stﬂl?é‘?apeutic option for emergency surgical interventions.
and there was no recurrence of the pericardial e usion, demon-

strating that four-factor prothrombin complex concentrate is

an e ective management option in this patient popufition. thors had full editorial control and dditional
: e authors had full editorial control and no additional nan-
ere have also been a few case reports of patients lal support was received. Writing assistance was also pro-

factor Xa inhibitors (either apixaban or rivaroxaban) beijigeqd with a grant from CSL Behring (Marburg, Germany).
treated with prothrombin complex concentrate before

undergoing a surgical procedf#g?Overall, administra-

tion of prothrombin complex concentrate was associagd . .

ith ful leti f d bleedi I. Levy serves on research and advisory committees for
W'_t s_uccess ul.comp et'ci&o surgery and no bleeding CcEf&'ehringer-lngelheim (Ingelheim am Rhein, Germany), CSL
plications were report&d: Behring (Marburg, Germany), Grifols (Barcelona, Spain), In-

A recent prospective evaluation reported 84 patients recgiwmentation Laboratories (Bedford, Massachusetts), Jans-

ing rivaroxaban or apixaban who were treated with prothrofaD (Beerse, Belgium), Merck (Kenilworth, New Jersey),
bin complex concentrates for major bleeding and evaluagsgPharma (Lachen, Switzerland), and Portola (South San
for th b boli d all i ithi ancisco, California). Dr. Steiner has received a research
or thromboem 0_'C events and all-cause mortality V\_"t_ in nt form Octapharma, consultancy fees from Bayer
days'% Prothrombin complex concentrates were administer@@verkusen, Germany), BMS-P zer (New York, New York),
at a median dose of 2,000 U (1,500 to 2,000 U) for patieréeehringer-Ingelheim, and Daiichi Sankyo (Tokyo, Japan),
with an intracranial hemorrhage (n = 59; 70.2%) or gastroftid speakers’ honoraria from Bayer, BMS-P zer, Boehringer-
testinal bleeding (n = 13; 15.5%). Treatment to stop bleediff§eNéim. and Daiichi Sankyo, and holds shares from Novo

. o . . rdisk (Bagsveerd, Denmark). Dr. Goldstein has received
was considered e ective in 58 (69.1%) and ine ective in 28qearch funding from Boehringer-Ingelheim, P zer (Groton,

(30.9%) treated patients. e majority of the patients withConnecticut), and Portola. Dr. Milling serves on research

ine ective hemostasis had intracranial hemorrhage (n = $@gring committees for Population Health Research Institute
61.5%), and two patients developed an ischemic stroke 5 d#ginilton, Canada), Portola, Boehringer-Ingelheim, and CSL
hring, and a speakers’ bureau for Janssen. He has also re-

10 days after prothrombin complex concentrate admmISt(E‘gived funding from the Seton Dell Medical School Stroke
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lex concentrate is a preferred treatment option for
ent reversal of vitamin K antagonist anticoagulation in
ients requiring urgent surgical or invasive procedures.
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