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EDITOR’S PERSPECTIVE

What We Already Know about This Topic

e Significant bleeding can occur after trauma, especially with pre-
existing anticoagulation. Despite multiple therapeutic approaches,
optimal management remains to be determined.

What This Article Tells Us That Is New

e In an animal model of rivaroxaban-treated pigs that underwent
complex traumatic injury, prothrombin complex concentrates alone
and in combination with tranexamic acid and fibrinogen concentrate
effectively reduced blood loss, restored hemostasis, and improved
thrombin generation.

Factor Xa inhibitors have demonstrated superior or
equivalent safety and efficacy compared with vitamin
K antagonists. They offer practical advantages, such as no
requirement for routine coagulation monitoring."* Many
patients taking anticoagulation therapy are elderly and are
therefore at risk of falling and sustaining injuries, including
traumatic brain injury. The risk of life-threatening hemor-
rhage and mortality after an injury is increased by antico-
agulants, potentially necessitating hemostatic therapy and
anticoagulation reversal.?

ABSTRACT

Background: Life-threatening bleeding requires prompt reversal of the
anticoagulant effects of factor Xa inhibitors. This study investigated the effec-
tiveness of four-factor prothrombin complex concentrate in treating trauma-
related hemorrhage with rivaroxaban-anticoagulation in a pig polytrauma
model. This study also tested the hypothesis that the combined use of a low
dose of prothrombin complex concentrate plus tranexamic acid and fibrinogen
concentrate could improve its subtherapeutic effects.

Methods: Trauma (blunt liver injury and bilateral femur fractures) was induced
in 48 anesthetized male pigs after 30min of rivaroxaban infusion (1 mg/kg). 9
Animals in the first part of the study received prothrombin complex concentrate §
(12.5, 25, and 50 U/kg). In the second part, animals were treated with 12.5 U/ &
kg prothrombin complex concentrate plus tranexamic acid or plus tranexamic %
acid and fibrinogen concentrate. The primary endpoint was total blood loss %
postinjury. The secondary endpoints (panel of coagulation parameters and 2
thrombin generation) were monitored for 240 min posttrauma or until death.

|Is'zese,

Results: The first part of the study showed that blood loss was significantly §
lower in the 25 U/kg prothrombin complex concentrate (1,541 + 269 ml) and §
50 U/kg prothrombin complex concentrate (1,464 + 108 ml) compared with g
control (3,313 + 634 ml), and 12.5 U/kg prothrombin complex concentrate s
(2,671 = 334ml, all P < 0.0001). In the second part of the study, bloodi
loss was significantly less in the 12.5 U/kg prothrombin complex concen- &
trate plus tranexamic acid and fibrinogen concentrate (1,836 + 556 ml,
P < 0.001) compared with 12.5 U/kg prothrombin complex concentrate plus =
tranexamic acid (2,910 + 856 ml), and there were no early deaths in the 25;
U/kg prothrombin complex concentrate, 50 U/kg prothrombin complex con-
centrate, and 12.5 U/kg prothrombin complex concentrate plus tranexamic
acid and fibrinogen concentrate groups. Histopathologic analyses postmortem
showed no adverse events.
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Conclusions: Prothrombin complex concentrate effectively reduced blood &
loss, restored hemostasis, and balanced thrombin generation. A multimodal =
hemostatic approach using tranexamic acid plus fibrinogen concentrate 3
enhanced the effect of low doses of prothrombin complex concentrate, poten- ¢
tially reducing the prothrombin complex concentrate doses required for effec-
tive bleeding control.
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In addition to trauma, emergency surgical interven-
tion may trigger the need for a reversal of anticoagulation.
Prothrombin complex concentrates (PCCs) are currently
being used for reversing the anticoagulant effects of factor
Xa inhibitors and are recommended according to several
guidelines.* PCCs contain coagulation factors, including
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factors FII, FVII, FIX, and FX, and anticoagulant factors
protein C and protein S.

Despite the growing evidence for PCC use in this setting,
its efficacy and dosing to reverse impaired thrombin gen-
eration are still debatable.”® High doses of PCC might be
associated with an increased risk of thromboembolic com-
plications in trauma. However, clinical data indicate that the
risk 1s no higher with PCC than with therapeutic plasma in
the reversal of vitamin K antagonists.” Additionally, throm-
bin generation is elevated for 4 days postoperatively after
PCC substitution, which may put patients at an increased
risk of thromboembolic complications."

Andexanet alfa is a specific reversal agent that neu-
tralizes direct and indirect FXa inhibitors’ anticoagulant
effects. The Andexanet Alfa, a Novel Antidote to the
Anticoagulation Effects of FXa Inhibitors (ANNEXA-4)
study has shown mainly the efficiency to neutralize anti-
FXa activity in patients with predominantly intracerebral
hemorrhage and gastrointestinal bleeding.!" The short
half-life of andexanet alfa requires a bolus plus infusion
regimen. Andexanet is not widely available, and it is not
licensed for patients requiring urgent surgery.”

In massive bleeding with complex coagulopathy, factor Xa
inhibitors’ reversal may not be sufficient to achieve hemosta-
sis. Instead, multimodal treatment with different hemostatic
agents may be required.*'? In central European countries,
coagulation management is commonly based on coagulation
factor concentrates (e.g., fibrinogen concentrate), adminis-
tered according to point-of-care coagulation monitoring."
In other countries such as the United States, there is more
reliance upon treatment with allogeneic blood products (e.g.,
cryoprecipitate and fresh frozen plasma), preferably using a
fixed-ratio approach. There 1s also international recognition
that tranexamic acid can reduce mortality by preventing
fibrinolysis."* However, a recent study, including 927 patients
who received tranexamic acid in the prehospital setting, did
not have a significantly lower rate of 30-day mortality." The
role of tranexamic acid in the trauma system is still unclear,
and its effect is highly dependent on transfusion strategies.

Using a lethal polytrauma model of coagulopathy, we
investigated the effectiveness of three doses of a four-
factor PCC administered to rivaroxaban-anticoagulated
pigs. We hypothesized that the subtherapeutic effects of the
lowest dose of PCC (12.5 U/kg) in our study might be
improved by using a multimodal approach with tranexamic
acid and fibrinogen concentrate. The primary outcome was
the reduction of blood loss posttrauma. The secondary out-
comes were the impact of the study regimens on the several
coagulation parameters and the occurrence of thromboem-
bolic complications.

Materials and Methods

The methods for this study were similar to those of several
previous studies.''® An overview of the study stages is pre-
sented in figure 1.
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Ethics and Anesthesia

This study was performed at the RWTH Aachen University
Hospital, Aachen, Germany, following German legislation
governing animal studies following the Guide for the Care
and Use of Laboratory Animals."” The government office
approved the protocol for animal care and use (Landesamt
fiir Natur, Umwelt und Verbraucherschutz, R ecklinghausen,
Germany). Before surgery, the pigs were housed in venti-
lated rooms and allowed to acclimatize to their surround-
ings for a minimum of 7 days. Examination by a veterinarian
ensured the good health of all animals.

Experimental Methods

Forty-eight (n = 48) male pigs were anesthetized, prepared,
and monitored as described (see Supplemental Digital
Content, http://links.lww.com/ALN/C667, for additional
details of animal preparation and anesthesia).?” Concealment
of allocation was carried out as the animal entered the trial.
After line placement, a midline laparotomy with cystostomy
was performed. Subsequently, a 30-min infusion of rivar-
oxaban (1 mg/kg; Bayer Healthcare, Germany) was started.
After this infusion of 30 min, trauma was induced. Therapy
was started 12min after the infliction of injury. Animals
(n = 8/group) were allocated to receive normal Ringer’s
solution (control) or 12.5, 25, or 50 U/kg PCC (Beriplex
P/N; CSL Behring, Germany; U.S. brand name Kcentra).
In the second part of this study, the animals were allocated
to receive tranexamic acid (20 mg/kg; Cyclocapron, Pfizer,
USA) plus PCC (12.5 U/kg) or tranexamic acid (20mg/
kg) plus PCC (12.5 U/kg) plus fibrinogen concentrate
(80mg/kg; Haemocomplettan P, CSL Behring).

Injury Phase and PCC Application

After localizing the femur with a needle, a captive bolt gun
(Karl Schermer and Co., Germany) was used to fracture both
femurs and create a soft tissue injury midshaft. Next, a repro-
ducible blunt liver injury was induced using a custom-made
instrument described elsewhere.?' Five minutes after injury
and after the onset of hemorrhagic shock, the animals were
resuscitated with Ringer’s solution (1 1 over 5min). Twelve
minutes after injury, blood loss was measured by suctioning
intraperitoneal blood. Study treatments were then adminis-
tered. Animals surviving for the 240-min observation period
after injury were euthanized with pentobarbital. Immediately
after death, total postinjury blood loss was determined, and
the internal organs (heart, lungs, liver, and kidneys) were
examined macroscopically and histologically by a blinded
pathologist for the occurrence of thromboembolic events.
The tissue sections were embedded in paraffin and stained
by hematoxylin and eosin based on a standard protocol.?*#

Blood Sampling and Analytical Methods

The blood samples were obtained before infusion of rivar-
oxaban; after a 30-min infusion of rivaroxaban; and 12, 30,
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Fig. 1. Schematic overview of animal experiments. The blood samples were collected before trauma induction and 12, 30, 60, 120, 180, and
240min postinjury. Treatments included control group, 12.5 U/kg prothrombin complex concentrate (PCC), 25 U/kg PCC, 50 U/kg PCC, 12.5
U/kg PCC plus tranexamic acid, and 12.5 U/kg PCC plus tranexamic acid and fibrinogen concentrate.

60, 120, 180, and 240 min after injury. For animals dying
before 240 min postinjury, the last sample was obtained
immediately after death. Details of the tests performed on
the blood samples are provided in the Supplemental Digital
Content (http://links.lww.com/ALN/C667).

Statistical Analysis

In total, 48 animals were included in this study, and each
group (groups 1 to 6) consisted of 8 animals. The sam-
ple size was based on previous experiments performed by
our group with a similar animal model that investigated
PCC monotherapy for dabigatran reversal.'® Therefore,
no a priori statistical power calculation was conducted.
One-way ANOVA was used to assess the differences in
total blood loss between groups, which was the primary
endpoint of the study. Post hoc comparisons of all means
were performed using a Tukey—Kramer test. A repeated-
measures ANOVA (mixed model with restricted maximum
likelihood) was used to evaluate the effects of treatments
on coagulation parameters, blood cell count, and hemo-
dynamic variables, representing the secondary endpoints.
The model included intervention as a group factor and
time as a repeated factor. The Sidak method was applied
for o error correction of multiple comparisons in this
case. A Shapiro—Wilk test was performed to test for nor-
mality. Survival was analyzed by applying the pairwise

log-rank tests. All data are reported as the means *+ SD,
the significance was set at P < 0.05, and early animal
death before the end of the experiment time was the only
reason for missing data. In the control group, one ani-
mal died before 60 min; thus, the number of animals was
seven at 120 min and five at 180 min, and it was reduced
to one animal at 240 min posttrauma. In the 12.5 U/kg
PCC plus tranexamic acid group, there were seven ani-
mals at 120 min and five at 240 min after trauma induc-
tion. Two-tailed statistical analyses were performed using
SPSS Statistics software (version 25.0, SPSS, USA), and
GraphPad Prism (version 8.2.1, GraphPad Software, Inc.,
USA) was used for graphical purposes.

Results

Forty-eight pigs were included in this study. Until the time
of death, complete data were available for all animals for
all study variables. Baseline laboratory and hemodynamic
parameters were comparable between the groups before the

injury.
Plasma Levels of Rivaroxaban and Resulting
Anticoagulation before the Infliction of Injury

After the 30-min infusion of rivaroxaban, the overall mean
plasma rivaroxaban concentration (all animals) was 693 *
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91ng/ml (mean £ SD), and both prothrombin time and
extrinsic thromboelastometry clotting time were pro-
longed (table 1; fig. 2, A and B). Plasma concentration of
rivaroxaban 12min after trauma induction and before the
administration of the study treatments was 368 = 98 ng/ml.
Rivaroxaban did not affect hemoglobin, platelet count, nor

fibrinogen concentration (table 1; fig. 3, A and B). A fur-
ther effect of rivaroxaban was measured in the reduction of
thrombin generation (fig. 4). Four hours after rivaroxaban
administration, the plasma concentrations of rivaroxaban
were reduced to less than 50ng/ml in all treatment groups

(table 1).

Table 1. Rivaroxaban Concentration, Prothrombin Time, Hemoglobin, and Platelet Count

Rivaroxaban Prothrombin Hemoglobin Platelets o
Time Point Study Group (ng/ml) Time (s) (g/dI) (x10%/pl) %
o
QD
Baseline Control 10+0.5 102+05 379 + 66 §
12.5 U/kg PCC 10.8+0.7 10.1+0.3 308 + 59 3
25 U/kg PCC 10+0.6 10205 359 + 60 3
50 U/kg PCC 10+0.5 10.3+0.6 358 +78 §
12.5 U/kg PCC + tranexamic acid 108 =1 10+09 298 + 55 o
12.5 U/kg PCC + tranexamic acid + fibrinogen 10.6 £0.8 96+0.7 375 + 66 §>
After rivaroxaban infusion Control 668 + 102 75+18 97+04 326 + 50 H
12.5 U/kg PCC 784 + 146 72+19 95+05 290 = 51 S
25 U/kg PCC 656 + 183 68+9 96+04 311+ 54 E
50 U/kg PCC 649 = 111 77+18 95+05 31172 S
12.5 U/kg PCC + tranexamic acid 766 = 105 77+9 89+09 247 = 33 )
12.5 U/kg PCC + tranexamic acid + fibrinogen 807 + 133 77+18 8.6 +0.6 337 =61 &
12min posttrauma Control 402 +128 54 +20 6.5+0.7 259 + 49 5
12.5 U/kg PCC 373112 49 +12 6.7+0.6 217 £ 31 §
25 U/kg PCC 351 =76 45+ 6 6.8+05 260 = 36 s
50 U/kg PCC 337 +99 48 + 11 7.0+07 273 £ 59 =
12.5 U/kg PCC + tranexamic acid 346 + 68 507 6.2+04 190 + 31 2
12.5 U/kg PCC + tranexamic acid + fibrinogen 398 + 103 52+12 6.3+038 260 + 42 %
30min posttrauma Control 244 +102 45+ 14* 48+09 231+ 63 &
12.5 U/kg PCC 214 + 87 30+8 5606 198 + 40 %
25 U/kg PCC 209 + 63 22+3 5.8 +0.7e 219+ 33 g
50 U/kg PCC 201 =77 19+3 55+0.6 229 + 60 R
12.5 U/kg PCC + tranexamic acid 207 + 47 30+5 55+09 173 £ 42 S
12.5 U/kg PCC + tranexamic acid + fibrinogen 235+ 87 307 47+08 230 = 55 §
60 min posttrauma Control 142 + 60 41 =14 35+1.1* 186 + 63 é‘
12.5 U/kg PCC 137 = 45 28+7 47+04 170 = 30 8
25 U/kg PCC 144 + 34 21£3 51x09 205 + 31 2
50 U/kg PCC 128 +52 16 + 29 53x06 209 + 54 §
12.5 U/kg PCC + tranexamic acid 139+ 41 28 +6 45+0.7 153 £ 42 >
12.5 U/kg PCC + tranexamic acid + fibrinogen 174 £ 73 27 +6 46+0.9 232 + 48§ 3
120 min posttrauma Control 76 =50 3614 3.1+0.5% 142 + 46 -
12.5 U/kg PCC 85+ 42 267 44+03 128 + 56 §
25 U/kg PCC 76 =27 18 + 3t 5.1 = 0.58 202 + 45 §
50 U/kg PCC 73+39 15+ 2t 52 +0.68 213 + 5919 >
12.5 U/kg PCC + tranexamic acid 72+25 25+7 40+07 138 + 47 =
12.5 U/kg PCC + tranexamic acid + fibrinogen 105 + 52 23+6 4407 216 + 37198 s
180 min posttrauma Control 55+ 44 46 = 13* 22+0.6 105 + 26 §
12.5 U/kg PCC 45+ 24 25+7 3.7+071 128 + 31 ®
25 U/kg PCC 38+12 16+3 49 +0.719 182 + 361
50 U/kg PCC 33+22 14+2 5.1 +0.51 203 = 561§
12.5 U/kg PCC + tranexamic acid 56 +18 24+9 34+141 110 £ 57
12.5 U/kg PCC + tranexamic acid + fibrinogen 74 + 46 21+6 42 +09% 204 + 371§
240 min posttrauma Control 1.9 65
12.5 U/kg PCC 22+10 25+6 33+1.0 104 + 29
25 U/kg PCC 1711 15+3 5.0+0.99 175+ 35
50 U/kg PCC 1815 132 52+0.59 176 + 46
12.5 U/kg PCC + tranexamic acid 36+20 23+8 42+12 145 + 56
12.5 U/kg PCC + tranexamic acid + fibrinogen 50 + 36 195 4.4 +1.09 204 + 399

The data are shown as means + SD. Initially, n = 8/group; in the control group, n = 7 at 120min, n = 5 at 180min, and n = 1 at 240 min after trauma. In the 12.5 U/kg prothrombin
complex concentrate (PCC) plus tranexamic acid group, n = 7 at 120 min, and n = 5 at 240 min after trauma. The tranexamic acid dose was 20 mg/kg, and the fibrinogen dose was

80 mg/kg.

*P < 0.05 versus all other groups; TP < 0.05 versus control; 4P < 0.05 versus 12.5 U/kg PCC; §P < 0.05 versus 12.5 U/kg PCC plus tranexamic acid; P < 0.05 versus 12.5 U/kg
PCC plus tranexamic acid and fibrinogen.
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Blood Loss and Survival

In the control group (rivaroxaban plus placebo), postin-
jury blood loss was 3,313 £ 634ml compared with 1,541
+ 269ml and 1,464 = 108 ml in the 25 and 50 U/kg PCC
groups, respectively (P < 0.0001 vs. 25 and 50 U/kg PCC;
fig. 5). The mortality rate was 100% in the control group,
and the mean survival time was 131min (range, 50 to
200 min). All animals that received 25 U/kg PCC or 50 U/
kg PCC survived the 240-min observation period (P < 0.01
vs. control). Hemodynamic variables and lactate levels were
stabilized (see table, Supplemental Digital Content, http://
links.Iww.com/ALN/C667, hemodynamic variables).

Treatment with 12.5 U/kg PCC (blood loss, 2,671 *
334ml; P = 0.934 vs. control) and 12.5 U/kg PCC plus
tranexamic acid (blood loss, 2,910 £ 856 ml; P = 0.931 vs.
control) did not significantly reduce blood loss compared
with control, whereas the mean survival time was 234 min
(range, 195 to 240 min) and 186 min (range, 46 to 240 min),
respectively. The mortality rates were 88 and 50% in the
12.5 U/kg PCC and 12.5 U/kg PCC plus tranexamic acid
groups, respectively.

All animals in the 12.5 U/kg PCC plus tranexamic acid
and fibrinogen concentrate group survived, and the total
postinjury blood loss was reduced to 1,836 £ 556ml (all
P <0.001 vs. control, 12.5 U/kg PCC,and 12.5 U/kg PCC
plus tranexamic acid groups; fig. 5). Stabilization of hemo-
dynamic variables and lactate levels was also observed in this
group (see table S1, Supplemental Digital Content, http://
links.Iww.com/ALN/C667, hemodynamic variables).

Measurements after Standardized Polytrauma and
Coagulation Analysis

Control Animals. Despite fluid resuscitation, control ani-
mals developed severe shock after trauma, with low mean
arterial pressure and cardiac output attributable to ongo-
ing blood loss (see table S1, Supplemental Digital Content,
http://links.lww.com/ALN/C667, hemodynamic
ables). Control animals also had the lowest platelet counts
at 120min posttrauma compared to 12.5 U/kg PCC plus
tranexamic acid and fibrinogen concentrate and 50 U/
kg PCC groups (all P < 0.001) and the lowest hemoglo-
bin levels of all treatment groups at 60min after trauma

vari-

induction (table 1). Furthermore, these animals developed
severe coagulopathy with deterioration in all coagulation
parameters over time (fig. 3 and 4; table 1). Extrinsic throm-
boelastometry maximum clot firmness was significantly
lower in this group at 2h posttrauma than the 12.5 U/kg
PCC (P = 0.014 vs. control), 25 U/kg PCC, 50 U/kg PCC,
and 12.5 U/kg PCC plus tranexamic acid and fibrinogen
concentrate groups (all P < 0.0001) and at 3h posttrauma
compared with the PCC 12.5, PCC 25, PCC 50, 12.5 U/
kg PCC plus tranexamic acid, and 12.5 U/kg PCC plus
tranexamic acid and fibrinogen concentrate groups (all
P < 0.0001 wvs. control; fig. 2, C and D). Additionally,

Oral Anticoagulant Reversal: Hemostatic Therapy

the plasma fibrinogen concentrations were significantly
lower than in the 12.5 U/kg PCC plus tranexamic acid
and fibrinogen concentrate group at 30min posttrauma
(P < 0.0001 vs. control; fig. 3B).The impairment of throm-
bin generation caused by rivaroxaban was sustained among
control animals throughout the observation period (fig. 4).
Effects of 12.5, 25, and 50 U/kg PCC. After PCC therapy,
prothrombin time was reduced dose-dependently in these
three groups at 60 min after trauma (all P < 0.01 vs. control;
table 1). Thrombin generation increased dose-dependently
immediately after PCC administration. At 30min after
trauma, endogenous thrombin potential was 419 £ 60nM
min in the 12.5 U/kg PCC group, 655 + 89nM min in
the 25 U/kg PCC group, and 981 £ 159nM min in the
50 U/kg PCC group, whereas the peak height was 28 £ 6,
31 £ 7,and 49 £ 11nM, respectively (fig. 4). Endogenous
thrombin potential remained significantly greater than
baseline throughout the remainder of the observation
period in both the 25 and 50 U/kg PCC groups (all
P < 0.0001 vs. control). Peak height was below the baseline
value in all PCC groups and subsequently increased over
time while maintaining baseline value 240 min posttrauma.
Additionally, peak height in the 50 U/kg PCC group of
treated animals was significantly higher 30 min after trauma
and over the observation time compared to all other groups
(all P < 0.0001; fig. 4, C and D).

Corresponding with significant blood loss reductions,
hemodynamic parameters remained stable in the 25 and 50
U/kg PCC groups after fluid resuscitation and trauma (see
table S1, Supplemental Digital Content, http://links.Iww.
com/ALN/C667, hemodynamic variables). Due to ongo-
ing blood loss, endogenous thrombin potential in the 12.5
U/kg PCC group decreased slightly over time, and platelets
were significantly lower than the 50 U/kg PCC group at
120 min posttrauma (P = 0.008; fig. 4A; table 1).The reduc-
tion in hemoglobin and platelet counts continued until the
end of the observation period compared to the 25 and 50
U/kg PCC groups (table 1).

Substitution with 12.5 U/kg PCC plus Tranexamic
Acid and 12.5 U/kg PCC plus Tranexamic Acid and
Fibrinogen Concentrate

Animals in the 12.5 U/kg PCC or 12.5 U/kg PCC plus
tranexamic acid groups developed severe shock after
injury, with low mean arterial pressure attributable to
ongoing blood loss 2h after trauma induction (See table
S1, Supplemental Digital Content, http://links.lww.com/
ALN/C667, Hemodynamic variables). Animals in the 12.5
U/kg PCC or 12.5 U/kg PCC plus tranexamic acid groups
also had lower platelet counts than animals in the 12.5 U/
kg PCC plus tranexamic acid and fibrinogen concentrate
group (table 1). Endogenous thrombin potential in these
animals was restored above baseline immediately after PCC
administration but decreased slightly over time (fig. 4B).
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After administering fibrinogen concentrate (80 mg/
kg) in the 12.5 U/kg PCC plus tranexamic acid and
fibrinogen concentrate group, plasma fibrinogen con-
centrations were restored to baseline and remained
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significantly higher than in all other groups up to
240min postinjury (all P < 0.0001; fig. 3B). Similarly,
extrinsic thromboelastometry maximum clot firmness
was restored close to the baseline (fig. 2D). Although
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the total blood loss was lower significantly in the 12.5
U/kg PCC plus tranexamic acid and fibrinogen con-
centrate group compared with the other groups in
the second part of the study (P < 0.0001 wvs. control,
P = 0.001 vs. 12.5 U/kg PCC, P < 0.001 vs. 12.5 U/kg
PCC plus tranexamic acid; fig. 5), endogenous throm-
bin potential and peak height were comparable with the
12.5 U/kg PCC or 12.5 U/kg PCC plus tranexamic acid
groups over time. However, peak height was significantly
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lower at 240 min after trauma in animals treated with
12.5 U/kg PCC compared with those in the 12.5 U/
kg PCC plus tranexamic acid and fibrinogen concentrate
(P =0.007; fig. 4, B and D).

Histopathologic Analysis

The histopathologic examination of injured liver sec-
tions revealed homogenous tissue damage and compa-
rable lacerations in all animals. No thromboembolic or
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other remarkable pathologic changes were present in
kidneys, lungs, heart, or nontraumatized liver tissue.

Discussion

This study shows that PCC at 25 and 50 U/kg can effec-
tively control bleeding and restore hemostasis under rivar-
oxaban anticoagulation in a clinically relevant experimental
polytrauma animal model. Administration of PCC at a lower
dose of 12.5 U/kg, even though it reduced the blood loss
postinjury compared with control animals, was not effec-
tive in reversing the anticoagulant effects of rivaroxaban
either as monotherapy (12.5 U/kg) or in combination with
tranexamic acid. These results imply that a threshold level
of coagulation factors or restoration of thrombin generation
is needed to overcome rivaroxaban-induced thrombin inhi-
bition. This level depends on the concentration of rivarox-
aban and PCC.The addition of fibrinogen plus tranexamic
acid to a low dose (12.5 U/kg) of PCC could compensate
for this lack of efficacy.

PCC, at appropriate doses (25 or 50 U/kg), was effec-
tive in treating coagulopathy without excessive activa-
tion of coagulation at the level of anticoagulation used
in this model. This is in agreement with several pre-
vious animal studies, as well as limited experience in
humans.>**? In trauma-associated bleeding with rivar-
oxaban anticoagulation, PCC-mediated increase in fac-
tor X and factor II levels are increasing to the point that
thrombin generation should, theoretically, overcome

the inhibitory effects of rivaroxaban. This observa-
tion is supported by the inefficacy of the lower dose
of PCC (12.5 U/kg) to overcome the rivaroxaban-
induced coagulopathy in our porcine model. However,
the exact mechanism whereby PCC may improve hemo-
stasis under factor Xa inhibition is not fully understood.
The mechanism of action can probably not be explained
by a simple stoichiometric reaction. On a molar basis,
the concentration of factor X in PCC is not sufficient to
overcome the antagonizing effect of the factor Xa inhib-
itor. Instead, PCCs may restore hemostasis in patients on
direct oral anticoagulants because they increase not only
factor X levels but also factor II, VII, and IX concentra-
tions at the site of injury and may exert a compensatory
prohemostatic effect with increased thrombin generation
potential. However, PCC’s efficacy to restore hemostasis is
also dependent on different factors such as clinical status,
the hemostatic system of the species under investigation,
trauma severity, blood loss, and coagulopathy status.
PCC’s benefit for managing factor Xa inhibitor—
associated bleeding was explored in animal models of acute
hemorrhage using different injury approaches and spiking
experiments in blood from human volunteers.** These
studies have also shown a dose-dependent effect of PCC on
the reversal of factor Xa inhibitors. The observational mul-
ticenter cohort study Unactivated Prothrombin complex
concentrates for the Reversal of Anti-factor Ten inhibitors
(UPRATE), which was performed in Sweden and Canada,
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investigated the efficacy of a four-factor PCC at a median
dose of 25 U/kg to restore hemostasis in rivaroxaban- or
apixaban-anticoagulated patients with major acute bleed-
ing (mainly intracerebral hemorrhage and gastrointestinal
bleeding) defined according to the International Society
on Thrombosis and Haemostasis.**** In both cohorts, 68
and 69% of patients showed “effective” hemostasis after
four-factor PCC therapy. However, due to the lack of a
control group and the lack of factor Xa activity measure-
ments, it 1s difficult to draw definitive conclusions about
PCC therapy’s efficacy and appropriate PCC dosing.

In our model, the causes of coagulopathy included con-
sumption and dilution of coagulation factors, platelets, and
impaired thrombin generation. As reported above, a PCC
dose of 25 U/kg was shown to restore hemostasis effectively.
Similarly, the combination of tranexamic acid and fibrinogen
concentrate plus a low dose of PCC at 12.5 U/kg restored
hemostasis. In contrast, tranexamic acid plus a low dose of
PCC at 12.5 U/kg had no impact on blood loss. From a
mechanistic perspective, administration of fibrinogen con-
centrate increased the plasma fibrinogen levels to enable fibrin
clot formation.*® At the same time, tranexamic acid inhibits
the fibrinolysis pathway and attenuates clot degradation.***

In major blood loss, fibrinogen is one of the first coag-
ulation factors decreasing below the critical level (100 mg/
dl).*** The critical minimum concentration of fibrinogen
to maintain hemostasis is a matter of debate. The recent
European guidelines recommend threshold concentrations
of 150 to 200 mg/dl relating to perioperative bleeding and
trauma.* Plasma concentrations of fibrinogen after trauma
were below this threshold in our trauma model. Therefore,
when treating trauma patients who are receiving rivarox-
aban therapy, it is possible that the early administration of
fibrinogen and antifibrinolytic medication could reduce
the dose of PCC that is required for restoring hemostasis.

The propensity of PCCs to increase thrombin genera-
tion is the key to their efficacy but may also increase the risk
of thromboembolic events. Kinetic parameters of thrombin
generation potential (endogenous thrombin potential and
peak height) and coagulation (D-dimers) were increased
above baseline after PCC therapy. However, no adverse
clinical signs or histopathologic signs of prothrombotic
changes were observed in the current study. Excessive con-
centrations of prothrombin (factor II) to antithrombin have
been suggested to cause thromboembolic complications.*’
In an experimental animal model of liver injury without
anticoagulation, it was reported that 50 U/kg PCC might
increase the risk of disseminated intravascular coagulation,
attributable to an imbalance of procoagulant and anticoag-
ulant proteins.***’ These data are in line with those from an
observational, clinical study of four-factor PCC in severely
injured patients.'” In contrast, in experiments in a similar
animal model of acute injury, PCC doses as high as 100 U/
kg were well tolerated in the presence of dabigatran anti-
coagulation. These data imply that PCC’s impact might be
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different in clinical situations with and without previous
anticoagulation.

Similarly, in eight uncontrolled studies using PCC for fac-
tor Xa inhibitor—associated major bleeds, the crude pooled
incidence of thromboembolic events was 5%.*! Therefore, it
seems likely that an intrinsic thromboembolic event rate of 4
to 5% in these specific patients has to be accepted when oral
anticoagulants are reversed for major bleeding. Conclusively,
there is reason to believe that the use of 25 to 50 U/kg PCC
for management of factor Xa inhibitor-associated bleed-
ing has a positive effect without significantly increasing the
risk of thromboembolic events. The current study suggests
a comparable effect and safety profile of either treatment
option. Follow-up investigations are needed to determine
whether a multimodel therapy may provide an improved
safety profile as compared to higher doses of PCC mono-
therapy during extended follow-up periods.

At present, no preclinical or clinical studies have investigated
the efficacy of PCC wversus andexanet alfa to control severe
bleeding and/or restore hemostasis under direct oral antico-
agulant therapy in a direct head-to-head comparison. Previous
studies in the pig polytrauma model, however, evaluated the
effect of andexanet alfa versus vehicle control (bolus dose of
1,000mg, or bolus of 1,000mg plus infusion of 1,200 mg over
2h) to reverse apixaban-associated bleeding.” It could be
shown that andexanet alfa significantly reduced total blood loss
posttrauma and achieved a 100% survival rate compared with
control animals, similar to the results seen in the current study.
A more detailed cross-study comparison to the effects of PCC
versus andexanet alfa is hindered by key differences in study
designs, including oral versus systemic administration and anti-
coagulation via apixaban versus rivaroxaban. Follow-up studies
are therefore required to allow direct statistical comparisons.
Due to the high costs of andexanet alfa, limited availability,
and improvement of hemostasis not yet being established,*
clinical studies, such as A Phase 4 Randomized Clinical Trial
Of AndexXa (Portola Pharmaceuticals, Inc., USA) In Acute
Intracranial Hemorrhage In Patients Receiving An Oral
Factor Xa Inhibitor (ANNEXA-I), investigating andexnat alfa
versus PCC, are urgently needed to guide clinical therapy.

This animal model has its limitations. In this study, we used
only males to keep the groups as homogenous as possible at
baseline to minimize the SD. The injury was induced in anes-
thetized healthy animals. To obtain therapeutic plasma con-
centrations of rivaroxaban, intravenous infusion of rivaroxaban
was administered for 30min. Therefore, the observed results
may not be directly applicable in clinical settings. Because
our study used a standardized trauma model, it may not show
the differences between bleeding sites, patient’s physiologic
responses, and drug—drug interactions. The absence of throm-
boembolic events is limited by the observation time of 4h.

Conclusions

In conclusion, this study investigated effective hemostatic
control mediated by either monotherapy of PCC or a
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multimodal regimen with low-dose PCC plus additional
tranexamic acid and fibrinogen concentrate in the presence
of rivaroxaban anticoagulation in a severe bleeding poly-
trauma setting. The primary outcomes of this study demon-
strates that the utility of a high dose of PCC greater than
25 U/kg may not have any additional advantage in sig-
nificantly reducing the bleeding in trauma complications.
Additionally, coadministration of a low dose of 12.5 U/
kg PCC with tranexamic acid and fibrinogen concentrate
compared with a higher dose of PCC can be considered as
an alternative therapeutic option. The findings also confirm
that PCC may be more efficient as part of a multimodal
therapy than monotherapy in restoring hemostasis and bal-
ancing thrombin generation.

Acknowledgments

The authors thank David Coppenheur, M.Sc., and Kelly
Waagemeester, M.Sc. (Department of Anesthesiology,
RWTH Aachen University Hospital, Aachen, North Rhine-
Westphalia, Germany), for laboratory assistance. In addi-
tion, the assistance provided by professional biostatisticians
Marcel Mischnik, Ph.D. (Department of Research, CSL
Behring GmbH, Marburg, Germany), and Oliver Ghobrial,
Ph.D. (Department of Pharmacology, CSL Behring, King
of Prussia, Pennsylvania), in reviewing this study’s statistical
analysis is greatly appreciated.

Research Support

Supported by Bayer AG (Wuppertal, Germany) and CSL
Behring (Marburg, Germany).

Competing Interests

Dr. Grottke has received research funding from Bayer
AG (Wuppertal, Germany), Biotest (Dreieich, Germany),
Boehringer Ingelheim (Ingelheim, Germany), CSL Behring
(Marburg, Germany), Octapharma (Lachen, Switzerland),
Novo Nordisk (Bagsvard, Denmark), Nycomed (Konstanz,
Germany), and Werfen (Munich, Germany). He has also
received honoraria for lectures and consultancy support
from Baxalta (UnterschleiBheim, Germany), Bayer AG,
Boehringer Ingelheim, Ferring (Kiel, Germany), CSL
Behring, Octapharma, Pfizer (Berlin, Germany), Takeda
(Zurich, Switzerland), Portola (San Francisco, California),
and Sanofi (Berlin, Germany). Dr. Schochl has received
speaker fees from CSL Behring, TEM International
(Munich,  Germany), Haemonetics  (Signy-Centre,
Switzerland), and Stago (Asnieres, France). Dr. Rossaint
has received honoraria for lectures and consultancy from
CSL Behring, Bayer AG, Boehringer Ingelheim, and Novo
Nordisk (Mainz, Germany). Dr. Herzog is an employee of
CSL Behring (King of Prussia, Pennsylvania). Dr. Heitmeier
is an employee of Bayer AG. The other authors declare no
competing interests.

Oral Anticoagulant Reversal: Hemostatic Therapy

Correspondence

Address correspondence to Dr. Grottke: RWTH Aachen
University Hospital, Pauwelsstrasse 30, 52074 Aachen,
Germany. ogrottke(@ukaachen.de. ANESTHESIOLOGY’s arti-
cles are made freely accessible to all readers on www.anes-
thesiology.org, for personal use only, 6 months from the
cover date of the issue.

References

1. Yeh CH, Gross PL, Weitz JI: Evolving use of new oral
anticoagulants for treatment of venous thromboembo-
lism. Blood 2014; 124:1020-8

2. Mekaj YH, Mekaj AY, Duci SB, Miftari EI: New oral
anticoagulants: Their advantages and disadvantages
compared with vitamin K antagonists in the preven-
tion and treatment of patients with thromboembolic
events. Ther Clin Risk Manag 2015; 11:967-77

3. Aronis KN, Hylek EM: Who, when, and how to
reverse non—vitamin K oral anticoagulants. ] Thromb
Thrombolysis 2016; 41:253-72

4. Spahn DR, Bouillon B, CernyV, Duranteau J, Filipescu
D, Hunt BJ, Komadina R, Maegele M, Nardi G,
Riddez L, Samama CM, Vincent JL, Rossaint R: The
European guideline on management of major bleeding
and coagulopathy following trauma: Fifth edition. Crit
Care 2019;23:98

5. Grottke O, Schulman S: Four-factor prothrombin
complex concentrate for the management of patients
receiving direct oral activated factor X inhibitors.
ANESTHESIOLOGY 2019; 131:1153-65

6. Purrucker JC, Haas K, Rizos T, Khan S, Wolf M,
Hennerici MG, Poli S, Kleinschnitz C, Steiner T,
Heuschmann PU,Veltkamp R: Early clinical and radio-
logical course, management, and outcome of intrace-
rebral hemorrhage related to new oral anticoagulants.
JAMA Neurol 2016; 73:169-77

7. Hemphill JC III, Greenberg SM, Anderson CS, Becker
K, Bendok BR, Cushman M, Fung GL, Goldstein JN,
Macdonald RL, Mitchell PH, Scott PA, Selim MH,
Woo D; American Heart Association Stroke Council;
Council on Cardiovascular and Stroke Nursing;
Council on Clinical Cardiology: Guidelines for the
management of spontaneous intracerebral hemor-
rhage: A guideline for healthcare professionals from
the American Heart Association/American Stroke
Association. Stroke 2015; 46:2032—60

8. Hagii J,Tomita H, Metoki N, Saito S, Shiroto H, Hitomi
H, Kamada T, Seino S, Takahashi K, Baba Y, Sasaki S,
Uchizawa T, Iwata M, Matsumoto S, Osanai T, Yasujima
M, Okumura K: Characteristics of intracerebral hemor-
rhage during rivaroxaban treatment: Comparison with
those during warfarin. Stroke 2014; 45:2805—7

Anesthesiology 2021; 135:673-85
Copyright © 2021, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

683

¥20Z UdIel €1 uo 1senb Aq ypd°22000-0'0001 L 202/+¥ L ¥ZS/EL9/¥/SE LiPpd-8ioiue/ABojoIsayisauE /WO IBYDIBA|IS ZESE//:dRY Wol) papeojumoq


mailto:ogrottke@ukaachen.de

684

CRITICAL CARE MEDICINE

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Goldstein JN, Refaai MA, Milling T] Jr, Lewis B,

Goldberg-Alberts R, Hug BA, Sarode R: Four-factor
prothrombin complex concentrate versus plasma for
rapid vitamin K antagonist reversal in patients needing
urgent surgical or invasive interventions: A phase 3b,
open-label, non-inferiority, randomised trial. Lancet
2015; 385:2077-87

Schochl H, Voelckel W, Maegele M, Kirchmair L,
Schlimp CJ: Endogenous thrombin potential follow-
ing hemostatic therapy with 4-factor prothrombin
complex concentrate: A 7-day observational study of
trauma patients. Crit Care 2014; 18:R 147

Connolly §J, Crowther M, Eikelboom JW, Gibson
CM, Curnutte JT, Lawrence JH, Yue P, Bronson MD,
Lu G, Conley PB,Verhamme P, Schmidt J, Middeldorp
S, Cohen AT, Beyer-Westendorf ], Albaladejo P,
Lopez-Sendon ], Demchuk AM, Pallin DJ, Concha
M, Goodman S, Leeds J, Souza S, Siegal DM, Zotova
E, Mecks B, Ahmad S, Nakamya J, Milling TJ Jr;
ANNEXA-4 Investigators: Full study report of andex-
anet alfa for bleeding associated with factor Xa inhibi-
tors. N Engl ] Med 2019; 380:1326-35

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

Grottke O, Callum J, Cushing MM, Haas T: The use
of coagulation factor concentrates for perioperative
bleeding management: A global perspective. Transfusion
2020; 60:663—6

Roberts I: Tranexamic acid in trauma: How should we
use it? ] Thromb Haemost 2015; 13 (suppl 1):S195-9
Guyette FX, Brown ]JB, Zenati MS, Early-Young
BJ, Adams PW, Eastridge BJ, Nirula R, Vercruysse
GA, O’Keeffe T, Joseph B, Alarcon LH, Callaway
CW, Zuckerbraun BS, Neal MD, Forsythe RM,
Rosengart MR, Billiar TR, Yealy DM, Peitzman
AB, Sperry JL, STAAMP Study Group: Tranexamic
acid during prehospital transport in patients at risk
for hemorrhage after injury: A double-blind, place-
bo-controlled, randomized clinical trial. JAMA Surg
2021; 156:11-20

Honickel M, Braunschweig T, van Ryn ], Ten Cate
H, Spronk HM, Rossaint R, Grottke O: Prothrombin
complex concentrate is effective in treating the antico-
agulant effects of dabigatran in a porcine polytrauma
model. ANESTHESIOLOGY 2015; 123:1350-61

Honickel M, Maron B, van Ryn J, Braunschweig T, ten
Cate H, Spronk HM, Rossaint R, Grottke O: Therapy
with activated prothrombin complex concentrate is
effective in reducing dabigatran-associated blood loss
in a porcine polytrauma model. Thromb Haemost
2016;115:271-84

Grottke O, Honickel M, van Ryn ], ten Cate H,
Rossaint R, Spronk HM: Idarucizumab, a specific

Anesthesiology 2021; 135:673-85
Copyright © 2021, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

dabigatran reversal agent, reduces blood loss in a por-
cine model of trauma with dabigatran anticoagulation.
J Am Coll Cardiol 2015; 66:1518-9

Institute  of Laboratory Animal  Resources,
Commission on Life Sciences, National Research
Council. Guide for the Care and Use of Laboratory
Animals, 7th edition. Washington, D.C., National
Academy Press, 1996.

Grottke O, van Ryn ], Spronk HM, Rossaint R:
Prothrombin complex concentrates and a specific anti-
dote to dabigatran are effective ex-vivo in reversing the
effects of dabigatran in an anticoagulation/liver trauma
experimental model. Crit Care 2014; 18:R27

Grottke O, Braunschweig T, Philippen B, Gatzweiler
KH, Gronloh N, Staat M, Rossaint R, Tolba R: A new
model for blunt liver injuries in the swine. Eur Surg
Res 2010; 44:65-73

Grottke O, Braunschweig T, Spronk HM, Esch S, Rieg
AD, van Oerle R, ten Cate H, Fitzner C, Tolba R,
Rossaint R: Increasing concentrations of prothrombin
complex concentrate induce disseminated intravascular
coagulation in a pig model of coagulopathy with blunt
liver injury. Blood 2011; 118:1943-51

Grottke O, Braunschweig T, Henzler D, Coburn M,
Tolba R, Rossaint R: Effects of different fibrinogen
concentrations on blood loss and coagulation param-
eters in a pig model of coagulopathy with blunt liver
injury. Crit Care 2010; 14:R62

Herzog E, Kaspereit F Krege W, Doerr B, Mueller-
Cobhrs J, Pragst I, Morishima Y, Dickneite G: Effective
reversal of edoxaban-associated bleeding with four-fac-
tor prothrombin complex concentrate in a rabbit
model of acute hemorrhage. ANESTHESIOLOGY 2015;
122:387-98

Herzog E, Kaspereit F Krege W, Mueller-Cohrs ],
Doerr B, Niebl P, Dickneite G: Four-factor prothrom-
bin complex concentrate reverses apixaban-associated
bleeding in a rabbit model of acute hemorrhage. ]
Thromb Haemost 2015; 13:2220—6

Herzog E, Kaspereit FJ, Krege W, Doerr B, van Ryn ],
Dickneite G, Pragst I: Thrombotic safety of prothrom-
bin complex concentrate (Beriplex P/N) for dabig-
atran reversal in a rabbit model. Thromb Res 2014;
134:729-36

Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers
JC, Buller HR, Levi M: Reversal of rivaroxaban and
dabigatran by prothrombin complex concentrate: A
randomized, placebo-controlled, crossover study in
healthy subjects. Circulation 2011; 124:1573-9

Godier A, Miclot A, Le Bonniec B, Durand M, Fischer
AM, Emmerich J, Marchand-Leroux C, Lecompte T,
Samama CM: Evaluation of prothrombin complex
concentrate and recombinant activated factor VII to
reverse rivaroxaban in a rabbit model. ANESTHESIOLOGY
2012;116:94-102

Rayatdoost et al.

¥20Z UdIel €1 uo 1senb Aq ypd°22000-0'0001 L 202/+¥ L ¥ZS/EL9/¥/SE LiPpd-8ioiue/ABojoIsayisauE /WO IBYDIBA|IS ZESE//:dRY Wol) papeojumoq



29.

30.

31.

32.

33.

34.

35.

Rayatdoost et al.

Perzborn E, Gruber A, Tinel H, Marzec UM, Buetehorn
U, Buchmueller A, Heitmeier S, Laux V: Reversal of
rivaroxaban anticoagulation by haemostatic agents in
rats and primates. Thromb Haemost 2013; 110:162-72
Fukuda T, HondaY, Kamisato C, Morishima'Y, Shibano
T: Reversal of anticoagulant effects of edoxaban, an
oral, direct factor Xa inhibitor, with haemostatic agents.
Thromb Haemost 2012; 107:253—9

Dinkelaar ], Molenaar PJ, Ninivaggi M, de Laat B,
Brinkman HJ, Leyte A: In vitro assessment, using throm-
bin generation, of the applicability of prothrombin
complex concentrate as an antidote for Rivaroxaban. J
Thromb Haemost 2013; 11:1111-8

Perzborn E, Heitmeier S, Laux V, Buchmiiller A:
Reversal of rivaroxaban-induced anticoagulation with
prothrombin complex concentrate, activated pro-
thrombin complex concentrate and recombinant acti-
vated factor VII in vitro. Thromb Res 2014; 133:671-81
Escolar G, Arellano-R odrigo E, Lopez-Vilchez I, Molina
P, Sanchis J, Reverter JC, Carne X, Cid J,Villalta J, Tassies
D, Galan AM, Diaz-Ricart M: R eversal of rivaroxaban-in-
duced alterations on hemostasis by different coagulation
factor concentrates: In vitro studies with steady and circu-
lating human blood. Circ J 2015;79:331-8

Majeed A, Agren A, Holmstrom M, Bruzelius M,
Chaireti R, Odeberg J, Hempel EL, Magnusson M,
Frisk T, Schulman S: Management of rivaroxaban- or
apixaban-associated major bleeding with prothrombin
complex concentrates: A cohort study. Blood 2017;
130:1706~12

Schulman S, Gross PL, Ritchie B, Nahirniak S, Lin
Y, Lieberman L, Carrier M, Crowther MA, Ghosh
I, Lazo-Langner A, Zondag M; Study Investigators:
Prothrombin complex concentrate for major bleeding
on factor Xa inhibitors: A prospective cohort study.
Thromb Haemost 2018; 118:842-51

36.

37.

38.

39.

40.

41.

42,

43.

Oral Anticoagulant Reversal: Hemostatic Therapy

Grottke O, Mallaiah S, Karkouti K, Saner E Haas T:
Fibrinogen supplementation and its indications. Semin
Thromb Hemost 2020; 46:38—49

Kashuk JL, Moore EE, Sawyer M, Wohlauer M, Pezold
M, Barnett C, Bifl WL, Burlew CC, Johnson JL, Sauaia
A: Primary fibrinolysis is integral in the pathogenesis
of the acute coagulopathy of trauma. Ann Surg 2010;
252:434—44

Grottke O, Levy JH: Prothrombin complex con-
centrates in trauma and perioperative bleeding.
ANESTHESIOLOGY 2015; 122:923-31

Davenport RA, Guerreiro M, Frith D, Rourke C,
Platton S, Cohen M, Pearse R, Thiemermann C, Brohi
K: Activated protein C drives the hyperfibrinolysis of
acute traumatic coagulopathy. ANESTHESIOLOGY 2017;
126:115-27

Grottke O, Honickel M, Braunschweig T, Reichel A,
Schochl H, Rossaint R: Prothrombin complex con-
centrate—induced disseminated intravascular coagula-
tion can be prevented by coadministering antithrombin
in a porcine trauma model. ANESTHEsIOLOGY 2019;
131:543-54

Piran S, Khatib R, Schulman S, Majeed A, Holbrook A,
Witt DM, Wiercioch W, Schiinemann H]J, Nieuwlaat
R: Management of direct factor Xa inhibitor—related
major bleeding with prothrombin complex concen-
trate: A meta-analysis. Blood Adv 2019; 3:158-67
Grottke O, Braunschweig T, Rossaint R,
Akman N, Leeds JM, Conley PB, Honickel M:
Transient or extended reversal of apixaban anti-
coagulation by andexanet alfa is equally effec-
tive in a porcine polytrauma model. Br J Anaesth
019;123:186-95

Andexxa prescribing information. Available at: https://
www.fda.gov/media/113279/download.
September 23, 2019.

Accessed

Anesthesiology 2021; 135:673-85

685

Copyright © 2021, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

¥20Z UdIel €1 uo 1senb Aq ypd°22000-0'0001 L 202/+¥ L ¥ZS/EL9/¥/SE LiPpd-8ioiue/ABojoIsayisauE /WO IBYDIBA|IS ZESE//:dRY Wol) papeojumoq


https://www.fda.gov/media/113279/download
https://www.fda.gov/media/113279/download

