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Abstract

Several clinical settings are associated with specific coagulopathies that predispose to uncontrolled bleeding. With the growing
concern about the need for optimizing transfusion practices and improving treatment of the bleeding patient, a group of 9
Portuguese specialists (Share Network Group) was created to discuss and develop algorithms for the clinical evaluation and
control of coagulopathic bleeding in the following perioperative clinical settings: surgery, trauma, and postpartum hemorrhage.
The 3 algorithms developed by the group were presented at the VIII National Congress of the Associagao Portuguesa de Imuno-
hemoterapia in October 2013. They aim to provide a structured approach for clinicians to rapidly diagnose the status of coagulo-
pathy in order to achieve an earlier and more effective bleeding control, reduce transfusion requirements, and improve patient
outcomes. The group highlights the importance of communication between different specialties involved in the care of bleeding

patients in order to achieve better results.

Keywords

bleeding, hemostasis, factor concentrates, algorithms, coagulopathy

Introduction

Bleeding can be associated with specific coagulopathy related
to several medical conditions. Occurrence of coagulopathy is
itself a risk factor for the progression from initial bleeding to
severe hemorrhage. With ongoing blood loss, with or without
massive transfusion, major bleeding begins to show common
pathological evolution, which consists of loss and consumption
of coagulation factors, mainly and first fibrinogen, dilutional
coagulopathy, and, in many cases, hyperfibrinolysis. For sev-
eral years, allogeneic components, such as red blood cells
(RBCs), fresh frozen plasma (FFP), cryoprecipitate, and plate-
lets, have been the treatment of choice for restoring coagula-
tion. However, several studies have shown that the
transfusion of allogeneic blood products is linked to increased
morbidity, mortality, and prolonged hospital stay in surgical
patients.'™ More recently, transfusion was shown to be an inde-
pendent risk factor for morbidity and composite mortality.®’
Additional adverse outcomes associated with transfusion
include, for example, infection, delayed wound healing,
transfusion-related acute lung injury (TRALI), multiple organ
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failure (MOF), cardiac arrest, stroke, volume overload, and
bleeding requiring reoperation.®* Moreover, allogeneic blood
products have become scarcer, and current economic con-
straints require careful assessment of the cost-effectiveness of
health interventions.

Current evidence suggests that targeted goal-directed ther-
apy using coagulation factor concentrates guided by viscoelas-
tic methods, such as thromboelastometry (ROTEM, Tem
International GmbH, Munich, Germany) or thrombelastogra-
phy (TEG, Haemoscope Inc., Niles, IL, USA), enables the
effective correction of coagulopathy and is associated with a
decreased incidence of allogeneic blood transfusion and throm-
botic/thromboembolic events and with reduced costs.'®!'?
Point-of-care (POC) testing using ROTEM or TEG is per-
formed on whole blood samples and allows rapid identification
of specific coagulation disorders and more accurate evaluation
of coagulation. Conversely, the results of standard laboratory
coagulation tests run in a central laboratory are not usually
available until 45 to 60 minutes and are based on plasma sam-
ples, which, unlike whole blood samples, do not allow for a real
evaluation of the patient’s coagulation status. Furthermore, a
recent publication emphasized that data supporting the useful-
ness of standard laboratory coagulation tests in the perioperative
setting appear limited, and a number of investigations have chal-
lenged the reliability of these tests in assessing perioperative
coagulopathy and guiding bleeding management.'* As changes
occurring during the coagulation process are time dependent, the
group suggests that the administration of allogeneic blood prod-
ucts and factor concentrates should follow a logical,
pathophysiology-determined sequence, guided either by POC
viscoelastic test results and/or by clinical signs of coagulopathy,
thus allowing treatment to be tailored to the patient’s needs.'>'®
Prompt empirical therapy based on the most expected nature of
coagulopathy for each individual clinical setting should be
applied, and should be confirmed later on by laboratory results,
if POC viscoelastic tests are not available.

The treatment algorithms presented here offer a structured
approach and are intended as a guide for clinicians who deal with
bleeding situations. Regardless of the specific clinical scenario,
there are common approaches that should always be used, with
the ultimate goal of bleeding control. Among them, the critical
steps are the early recognition that clinically significant bleeding
has occurred (physician assessment) and the effective communi-
cation between the clinical and blood transfusion team members.
There are, however, specific approaches related to each clinical
scenario that should be considered and these will be addressed
here.

Methods
Selection of the Working Group

At a meeting on October 30, 2012, a group of experts in hema-
tology, transfusion medicine, anesthesiology, obstetrics, perio-
perative bleeding, and trauma created a working group (Share
Network Group). The group’s primary aim was the development

of 3 interventional algorithms for the control of coagulopathic
bleeding in the perioperative clinical settings of surgery, trauma,
and postpartum hemorrhage (PPH).

The Share Network Group consists of a total of 9 specialists,
namely, transfusion medicine specialists (Dra Anabela Rodri-
gues, Centro Hospitalar Lisboa Norte, Dr Antonio Robalo
Nunes, Centro Hospitalar Lisboa Norte, Dra Manuela
Carvalho, Centro Hospitalar S3o Jodo, Porto, and Dra Manuela
Gomes, Centro Hospitalar Lisboa Ocidental), hematologists
(Dr Manuel Campos, Centro Hospitalar do Porto), and anesthe-
siologists (Dr Alexandre Carrilho, Centro Hospitalar Lisboa
Central, Dra Angela Alves, Centro Hospitalar Lisboa Norte,
Dr Jos¢ Aguiar, Centro Hospitalar do Porto, Dra Rosario Orfao,
Centro Hospitalar Universitario de Coimbra). The coordination
of the group was attributed to Manuela Carvalho, transfusion
medicine specialist of Centro Hospitalar Sdo Jodo, Porto. After
several meetings and discussions, the developed algorithms
were presented at the VIII National Congress of the Associagao
Portuguesa de Imuno-hemoterapia in October 2013.

The Search for Evidence

Initially, the group prepared and answered a questionnaire to
better understand the specific features of each Portuguese Hos-
pital Center and guarantee that the final consensus could be
adapted to each one. An extensive literature search, using
PubMed, was then undertaken in order to review the evidence
and develop the final consensus. The bibliographic references
used to develop the algorithms were obtained without a date
limitation and using the following key words in conjunction:
“perioperative bleeding”, ‘“‘trauma”, ‘“postpartum hemor-
rhage”, “algorithm development”, “blood management”,
“coagulation”, “hemorrhage”, “transfusion”, ‘““goal-directed
therapy”. This bibliographic search, together with the clinical
experience of the experts, forms the basis of this consensus
document.

Results and Discussion
Coagulopathic Bleeding in Surgical Settings

The management of coagulopathic bleeding in the setting of
surgery depends on the underlying cause and contributing fac-
tors. Surgical causes of bleeding always have to be discounted
and managed accordingly. During the course of a surgical pro-
cedure, many patients develop coagulation and bleeding disor-
ders, and most patients show multifactorial disorders in their
hemostatic balance. The aim of coagulopathic bleeding man-
agement in surgical settings is to stabilize the coagulation sys-
tem in order to stop the hemorrhage. The proposed algorithm is
presented in Figure 1 and is described subsequently.

Preoperative assessment. Preoperative assessment is of great
importance in identifying patients for whom perioperative
bleeding risk may be increased and plays a critical role in
patient blood management. This assessment should include the
anamnesis (clinical history with evaluation of patient’s
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Preoperative assessment
Anamnesis; analytic evaluation; evaluation of transfusion requirements and
possible correction/suspension of current medication

BLEEDING?

Hemogram, including platelets and coagulation (pT, aPTT and fibrincgen)
Basic preconditions adjustment:

Targets: Hb 7-9 g/dL; Hct >24-28% 3 mmol/L; Temp. >35°C (except
cardioth ic surgery); > % 10%/Lin neurosurgery )

Assess drug history:

Pre-medication? Anticoagulation? Anti-platelet therapy?

Discount surgical cause

Bleeding persists, despite control of the above conditions?

Coagulopathy

1%t Consider hyperfibrinolysis

Clinical suspicion of hyperfibrinolysis e.g. acute hemorrhage and cardiopulmonary
bypass or neurosurgery or genitourinary surgery
* If ROTEM available, confirmation of hyperfibrinolysis based on: Tranexamic acid
- EXTEM ML >15%; EXTEM LI30 <94%; APTEM CT < EXTEM CT 20-25 mg/kg
= APTEM LI30 and ML better than in the EXTEM LI 30 and ML (>25%
improvement)

2" Consider fibrinogen deficiency Fibrinogen concentrate
30-60 mg/kg
Consider fibrinogen deficiency if:

- Fibrinogen levels <1.5-2.0 g/L Based on RCF)TEM e )
- Blood loss 21.0-1.5 L and ongoing Dose (g) = A FIBTEM MCF (mm) x kg

* If ROTEM available: 140
- FIBTEM CA10 <7 mm; FIBTEM MCF <9 mm

Based on plasma concentration
Target: T FIBTEM CA10 >12 mm

Dose (g) = A Fibrinogen
20

3" Consider thrombocytopenia

Hemogram
- PLT <50 x 10%/L and persistent active bleeding
- PLT <100 x 10%/L in neurosurgery Platelet concentrate
* If ROTEM available: 1 pool of PCor
- EXTEM CA10 <40 mm with FIBTEM CA10 >12 mm and PLT <50 x 10%/L 1 platelet apheresis unit per 60-70kg

- EXTEM MCF <45 mm with FIBTEM MCF >15 mm and PLT <50 x 10°/L

4th Consider deficit of other coagulation factors

(Thrombin formation deficit)

PCC
Suspicion of thrombin generation deficit if: 20-30 1U/kg
- PTor aPTT >1.5 x normal and acute/active hemorrhage Yes and/or

- Volume blood loss 2150-200% (1.5 TBV) FFP
* If ROTEM available:
- EXTEM CT >80 s; INTEM CT >240 s

|

12-15 mL/kg initially, up to
20 mL/kg if severe hemorrhage

5th Consider FXIII deficit

(Clot instability not related to hyperfibrinolysis)

FFP
Consider that FXIIl activity is likely to be critically reduced (<60%) in cases of

) 2 : » 2 12-20 mL/kg
ongoing or diffuse bleeding and low clot strength despite adequate fibrinogen Yes or
concentration
+ If ROTEM available: FXIIl concentrate

- EXTEM ML >15% and APTEM ML >15% 30 IU/kg or 1250 1U
\I, Persistent bleeding (uncontrollable)?
rFVila
90-120 pg/kg

Correct previously: pH, Ca?*, temperature, fibrinogen and platelets

Figure |. Proposed algorithm for the management of coagulopathic bleeding in surgical settings. aPTT indicates activated partial thromboplastin
time; CAI0, clot amplitude after 10 minutes; CFT, clot formation time; CT, clotting time; FFP, fresh frozen plasma; Hb, hemoglobin; Hct,
hematocrit; LI30, lysis index after 30 minutes; MCF, maximum clot firmness; ML, maximum lysis; PC, platelet concentrate; PCC, prothrombin
complex concentrate; PLT, platelet count; PT, prothrombin time; TBY, total blood volume.
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hemorrhagic score and family bleeding history)'®; standard
laboratory testing, including prothrombin time (PT), activated
partial thromboplastin time (aPTT), fibrinogen levels, and pla-
telet count; evaluation and planning of hemostatic therapy
requirements for each specific surgery; and possible correc-
tion/suspension of current medication such as antiplatelet or
anticoagulant therapy (heparin, warfarin, and new oral anticoa-
gulant drugs).

Early management of bleeding. The critical first steps when clini-
cally significant bleeding occurs are the rapid identification of
a surgical cause and its effective control. Standard coagulation
screens, including PT, aPTT, fibrinogen levels, and platelet
count, should be performed as soon as the patient starts bleed-
ing. At the same time, stabilization of basic conditions (eg,
hypothermia, acidosis, hypocalcemia, and anemia) is essential,
since these have an important influence on hemostasis and can
lead to clinically relevant dysfunction of the coagulation sys-
tem.'?! Hypothermia reduces hemostatic performance because
it impairs fibrinogen synthesis; therefore, a temperature below
35°C should be avoided (except in cardiac surgery). Acidosis
leads to a significant reduction in thrombin generation and to an
important increase in fibrinogen breakdown; thus, the pH should
be maintained above 7.2. Hemoglobin (Hb) level should be within
the range 7 to 9 g/dL (grade 1C—European Society of Anaesthe-
siology [ESA] guidelines)'® and hematocrit (Hct) >24% to 28%,
as anemia with a low Hb concentration can significantly influence
primary hemostasis. Moreover, hypocalcemia has an anticoagula-
tion effect and can impact negatively on the cardiovascular sys-
tem,'”?? therefore, Ca®>" must be >1.0 mmol/L. Low platelet
count is generally associated with bleeding and coagulation disor-
ders, and it is recommended that the platelet count be kept above
50 x 10°/L (or 100 x 10°/L during neurosurgery).?*-*

Finally, it is essential to reevaluate the patient’s therapeutic
history, as a full preoperative assessment may not be possible in
some clinical situations, mainly during emergency surgery,
where there is no time to preoperatively assess the patient’s
usual medication. If bleeding persists after controlling for all
the above-mentioned conditions, it is very likely that the
patient has developed coagulopathy and this should be treated
immediately. In this situation, the group recommends to con-
tact a transfusion medicine specialist to better manage hemos-
tasis and to run ROTEM, if available.

Hyperfibrinolysis. The group recommends treatment with tra-
nexamic acid (TXA, 20-25 mg/kg) if significant bleeding is
accompanied by clinical suspicion of hyperfibrinolysis.
Hemostasis requires an appropriate balance between the
coagulation cascade that produces a fibrin clot and the fibrino-
lytic system that dissolves the fibrin clot. Acquired hyperfibri-
nolysis results in acute excessive blood loss and is known to be
associated with a number of clinical settings, for example, car-
diac surgical procedures performed using cardiopulmonary
bypass, neurosurgery, orthopedic, and genitourinary sur-
geries.?>*® Standard laboratory tests are unsuitable for detect-
ing hyperfibrinolysis; however, ROTEM may be used instead

to confirm the diagnosis (Figure 1) and guide hemostatic ther-
apy.?”?® Hyperfibrinolysis is treated with antifibrinolytic drugs
in order to stabilize the fibrin clot. Tranexamic acid (TXA), as
most commonly used, is a lysine synthetic derivative, which
binds to plasminogen thereby blocking the interaction of plas-
min or plasminogen with fibrin, preventing dissolution of the
fibrin clot.>> The group endorses the ESA guidelines’ recom-
mendation of treatment with TXA (20-25 mg/kg) if significant
bleeding is accompanied by at least suspected hyperfibrinolysis
(grade 1A).%°

Fibrinogen deficiency. The group considers that fibrinogen con-
centration <1.5 to 2.0 g/L with active bleeding as an indication
for fibrinogen supplementation with an initial fibrinogen con-
centrate dose of 30 to 60 mg/kg, depending on the clinical set-
ting. If possible, the group also recommends the fibrinogen
concentrate dose to be calculated according to plasma fibrino-
gen concentration or ROTEM parameters.

Functionally, fibrinogen is cleaved by thrombin to produce
fibrin monomers that polymerize to form the basis of the clot.
In addition, fibrinogen molecules facilitate the aggregation of
platelets via binding of glycoprotein IIb/Illa receptors on plate-
let surfaces. Fibrinogen plays other important roles, since it
functions in vivo as an acute-phase reactant and helps modulate
inflammatory cellular reactions. Bleeding leads to loss and
consumption of coagulation factors with fibrinogen known to
be the first coagulation factor to reach critical levels when
acute bleeding occurs.'> Low fibrinogen concentration, which
can be caused by increased consumption, volume
resuscitation-related hemodilution, or increased fibrinogen
breakdown related to acidosis, has been described as a risk fac-
tor for perioperative bleeding.”’ Normal plasma levels of fibri-
nogen range between 1.5 and 4.0 g/L but can be higher in
certain situations, as it is an acute phase protein, for example,
after injury.*® Plasma fibrinogen concentration is typically
assessed using the Clauss method; however, the measurements
may be falsely increased in the presence of colloids (such as
hydroxyethyl starch [HES] or gelatin), which are commonly
used during fluid replacement therapy.*® Furthermore, the long
turnaround time of the Clauss method-based fibrinogen con-
centration measurement is also a limitation.

Therapeutic options to supplement fibrinogen include
fibrinogen concentrate, FFP, and cryoprecipitate. The low
fibrinogen concentration found in FFP limits its utility as a
source of fibrinogen, as it requires the administration of large
volumes to raise fibrinogen levels.>' Compared with FFP,
cryoprecipitate has a higher concentration of fibrinogen, but
its production does not include pathogen reduction steps,
which increases the potential risk of patient exposure to
blood-borne pathogens.*> Cryoprecipitate can be produced
from plasma that has undergone treatment with methylene
blue or psoralen/ultraviolet light. However, these methods can
reduce functional fibrinogen content.**** Similar to FFP,
cryoprecipitate also has disadvantages related to the thawing
time required, variation in fibrinogen concentration, and ABO
incompatibility problems.
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The ESA guidelines recommend ““treatment with fibrinogen
concentrate if significant bleeding is accompanied by at least
suspected low fibrinogen concentrations or function (grade
1C)” and “that a plasma fibrinogen concentration <1.5 to
20 g/ or ROTEM/TEG signs of functional fibrinogen
deficit should be triggers for fibrinogen substitution (grade
1C).”20P275.p393) Afternatively, based on the model of Singbartl
et al, the decision can be based on clinical suspicion of a fibrino-
gen concentration <1.5 to 2.0 g/L after a blood loss of >1.0 to
1.5 L and ongoing bleeding.** When locally available, the diag-
nosis can also be confirmed by ROTEM-based analyses (Figure
1). Depending on bleeding severity, an initial fibrinogen concen-
trate dose of 30 to 60 mg/kg is suggested. The dose can also be
calculated by specific formulas, based on ROTEM results (using
the FIBTEM test to assess the fibrin-based maximum clot ampli-
tude) or standard laboratory tests (using the Clauss method to
determine plasma fibrinogen concentration). As a guide, approx-
imately 3 g of fibrinogen concentrate are required to raise
plasma concentration by 1 g/L in a 70-kg patient.>

Thrombocytopenia. Upon persistent bleeding accompanied by a
platelet count <50 x 10°/L (or <100 x 10°/Lina neurosurgical
setting), confirmed by POC testing if available, the group
recommends the administration of platelet concentrate (PC),
1 unit per 10 kg body weight or 1 pool of PC, or 1 platelet
apheresis unit per 60 to 70 kg, or higher doses according to the
clinical situation.

Platelet count is commonly measured in the perioperative
setting; however, despite providing a measure of platelet con-
centration, platelet count does not assess the functional activity
of platelets. Although ROTEM provides rapid information on
the quality and stability of the clot, this method also fails to
assess platelet function, due to the high amount of thrombin
generated during the coagulation process activated with the
standard reagents.’® Multiple electrode aggregometry (Multi-
plate; Roche Diagnostics, Basel, Switzerland) is a new
whole-blood method of assessing platelet function®® but unfor-
tunately is not available in many hospitals.

As recommended by a few guidelines, persistent active
bleeding and a platelet count below 50 x 10°/L (or below
100 x 10%/L in a neurosurgical setting) is suggested as a thresh-
old for platelet transfusion.?*****2® [f available, ROTEM para-
meters can also be used as a trigger for platelet transfusion, as
described in Figure 1.272®

Deficiency of other coagulation factors (insufficient thrombin
generation). In case of elevated bleeding tendency and pro-
longed clotting time, despite adequate substitution of
fibrinogen, the group suggests the administration of PCC
(20-30 TU/kg) and/or FFP (12-15 mL/kg, up to 20 mL/kg for
severe hemorrhage).

Hiippala et al observed that prothrombin activity reaches a
critical level when blood loss exceeds 200%.'> Based on this
study and other previous publications, the group considered
an approximate value of blood loss exceeding 150% to 200%
(>1.5 total blood volume) or when PT or aPTT >1.5 times

normal with acute/active hemorrhage to suspect poor thrombin
generation.’’?” The ROTEM-based analyses using the
EXTEM and APTEM tests can also be used, if available, to
diagnose a suspected thrombin generation deficit (Figure
1).?” Besides recombinant activated factor VII (tFVIIa), further
options for increasing thrombin generation include FFP or pro-
thrombin complex concentrate (PCC). The group accepts both
therapies, depending on individual clinical judgment. How-
ever, to guarantee effective treatment the following should be
considered.

First, the initial recommended dose of 12 to 15 mL/kg FFP,
recommended by the British guidelines on the management of
massive blood loss,*® may be insufficient, and depending on
the clinical situation and the severity of the hemorrhage, higher
doses might have to be administered to allow for a satisfactory
correction of coagulation factors. This can have a negative
impact on patient outcomes because of the high plasma volume
needed to correct coagulopathy which, in turn, may cause fluid
overload, TRALI, and associated problems. Furthermore, there
is no consensus on a fixed ratio of FFP/RBC/platelet concen-
trate (PC).>’

Second, because of the potential thromboembolic risks asso-
ciated with PCC administration, the group suggests that if
available, ROTEM analysis should be performed to guide PCC
administration. In fact, it is documented that targeted therapy
with fibrinogen and/or PCC guided by ROTEM/TEG is not
associated with an increased incidence of thromboembolic
events.?? Prolonged PT or aPTT alone is not an indication for
PCC, especially in critically ill patients (grade 2C), and the
ESA guidelines suggest administering PCC (20-30 IU/kg),
even in the absence of oral anticoagulant therapy, if elevated
bleeding tendency and prolonged clotting time persist even
with adequate substitution of fibrinogen (grade 2C).?° Despite
the data being limited, some centers do administer PCC for
perioperative bleeding in cases of massive bleeding and pro-
longed clotting times, avoiding the problems related to exces-
sive FFP transfusion (TRALI and fluid overload).

Factor XIll deficiency. The group suggests factor XIII (FXIII)
substitution in case of ongoing or diffuse bleeding and low
clot strength, despite adequate fibrinogen concentration. The
empiric administration of 12 to 20 mL/kg FFP is suggested
or, if available, FXIII concentrate at a dose of 30 IU/kg or
1250 TU.

If bleeding continues despite correction of all the previous
factors/conditions, a deficiency in other coagulation factors
may be considered. It is reasonable to focus on FXIII, as it
determines the maintenance or restoration of clot strength
along with fibrinogen and activated platelets.””** A deficiency
in FXIII leads to clot instability not related to hyperfibrinoly-
sis.”® Indeed, fibrin clot strength depends on FXIII, which is
known to promote the cross-linking of fibrin monomers and
to enhance clot resistance against fibrinolysis, thereby playing
an important role in the hemostatic balance.

According to the Austrian guidelines, FXIII concentrates
and rFVlIla are additional options for the treatment of persistent
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bleeding.®” The ESA guidelines state that “In cases of ongoing
or diffuse bleeding and low clot strength despite adequate fibri-
nogen concentration, it is likely that FXIII activity is critically
reduced” and “In cases of significant FXIII deficiency (ie,
<60% activity), we suggest that FXIII concentrate (30 IU kg™ ")
can be administered (grade 2C).”2°®?7% P39 The group sug-
gests replacing FXIIT with FFP if FXIII concentrate is not
available, because in almost all hospitals in Portugal, FXIII is
only available for treatment of congenital deficiency, with a
special request authorization of use; furthermore, there is a
scarce experience of its use in this setting.

Few clinical studies have demonstrated an increased bleed-
ing tendency in patients with decreased FXIII activity. An asso-
ciation between decreased perioperative FXIII and increased
risk of postoperative hemorrhage has been shown in neurosur-
gical patients.*™*! An observational study to determine the
activity of individual coagulation factors after coronary artery
bypass graft demonstrated that both FXIII activity and plasma
fibrinogen concentration correlate inversely with postoperative
blood loss.** Wettstein et al have suggested that preexisting
hemostatic disorders in surgical patients (increased preopera-
tive coagulation activation with decreased FXIII activity and
impaired clot firmness) is not a rare condition and may result
in clinically relevant perioperative bleeding.** The authors pro-
posed that early substitution of FXIII might reduce the loss of
clot firmness and reduce bleeding in patients at risk. This
hypothesis has been evaluated in a prospective, randomized
controlled trial, including patients undergoing elective
gastrointestinal cancer surgery, randomized to receive FXIII
(30 U/kg) or placebo.** In this study, patients at high risk of
intraoperative bleeding showed reduced loss of clot firmness
when FXIII was administered early during surgery.

Administration of rFVlla. The group recommends considering the
administration of rFVIla (90-120 pg/kg) only as last-line ther-
apy in case of uncontrolled persistent bleeding but advises that
this is an off-label use with its administration being at the dis-
cretion of the treating physician and only after correction of
fibrinogen levels, acidosis, hypocalcemia, hypothermia, throm-
bocytopenia, and hyperfibrinolysis.

If diffuse bleeding does not stop after optimization of coagu-
lation by the standard therapy recommended previously, an
additional option is rFVIIa. The ESA guidelines suggest that
the off-label administration of rFVIIa should only be consid-
ered if bleeding cannot be stopped by conventional, surgical,
or interventional radiological means and/or when comprehen-
sive coagulation therapy fails (grade 2C, grade 2B in cardiac
surgery, and grade 1C in orthopedic and neurosurgery).?
Before the administration of rFVIla, it has been suggested that
fibrinogen concentration, platelet count, temperature, pH, and
hyperfibrinolysis should be optimized to improve clot forma-
tion.'?2%3745 Administration of rFVIIa has been limited
because of its potential thromboembolic risk, its controversial
effectiveness in reducing transfusion requirements and mortal-
ity, and the high costs of this treatment.>****® In different clin-
ical indications, rFVIla might increase the risk of venous

thromboembolism, without improving mortality.** However,
high response rates and reduced blood product usage and blood
loss have been reported.’®>! In a double-blind, randomized
controlled trial, treatment with rFVIla significantly reduced the
incidence of reoperation and transfusion requirements in
patients experiencing bleeding after cardiac surgery. Neverthe-
less, there was an increase in the number of serious adverse
events, including stroke, in those patients randomized to
receive rFVIIa.*® This suggests the need for large randomized
controlled trials (RCTs) to assess the safety of rFVIIa in this
setting.

Management of Traumatic Acute Hemorrhage

Coagulopathy is an important contributor to morbidity and
mortality in patients with trauma, and its incidence increases
with severity of injury. Approximately 25% of patients with
trauma present at emergency departments with acute coagulo-
pathy, and these patients have a 4-fold higher risk of mortality
than those without coagulopathy.’** The pathophysiology of
trauma-induced coagulopathy (TIC) has to be considered for
the coagulation management of patients with trauma and bleed-
ing patients. Areas of tissue injury can become severely hypo-
perfused, which can lead to acidosis.>® Hypoperfusion acidosis
causes the release of tissue-type plasminogen activator by
endothelial cells, which in turn leads to hyperfibrinolysis.’®
Additionally, tissue perfusion deficits may lead to increased
concentrations of activated protein C. The activation of this
pathway can cause an inappropriate reduction in thrombin gen-
eration,”*® enhanced hyperfibrinolysis, and reduced plasma
protein C level.”’

Volume resuscitation, which can lead to dilutional coagu-
lopathy, is another important source of TIC. Crystalloids
compromise the coagulation system mainly through their
dilution effect, while the use of synthetic colloid plasma
expanders (such as HES, gelatin, or dextran) can further
impair coagulation beyond that expected from dilution
alone.’®® A study conducted by Fenger-Eriksen et al showed
that volume substitution with isotonic saline, HES, or dextran
reduces clot firmness (or clot strength) and compromises the
propagation phase of clot formation.’® The impact of volume
substitution on coagulation is more complex than a simple
dilution of coagulation factors. Fenger-Eriksen et al®® have
shown that hemodilution produces a specific pattern of hemo-
static disturbances affecting some (but not all) coagulation
factors. Indeed, fibrinogen, FII, FX, and FXIII decrease sig-
nificantly below the levels expected from the dilutional effect,
while no significant change is seen in Hct, platelet count,
FVII, FVIII, or thrombin generation. Similarly, another study
reported an uncompromised thrombin generation after dilu-
tion with HES.®'

Retrospective evidence, derived initially from military prac-
tice, suggests that the administration of a ratio of FFP, PC, and
RBC close to 1:1:1 reduces mortality in patients with trauma
having major bleeding.*% However, the evidence supporting
this approach is not conclusive, and an optimal ratio of
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plasma—RBC is yet to be found, mainly because of the pos-
sible survival bias found in most of the studies.®*%°

There are several limitations to the use of plasma to prevent
and treat TIC. Besides the increased risk of TRALI, volume
overload, acute respiratory distress syndrome, and the trans-
mission of infectious diseases, FFP needs to be group matched,
thawed, and warmed before administration. As a result, plasma
administration cannot be started at the same time as RBC.%
This might explain why the targeted plasma—RBC ratio is
reached only a few hours after the beginning of treatment. It
seems reasonable that strategies aimed at limiting the use of
plasma in patients who are not likely to need it and should be
implemented in order to reduce plasma-related adverse effects.

After the emergence of viscoelastic POC coagulation-
monitoring tools, such as ROTEM, the use of coagulation fac-
tor concentrates has been proposed for the treatment of
TIC.®7%® These rapid POC assessment techniques are used to
guide hemostatic therapy with coagulation factor concentrates
as the hemostatic therapy of choice.®*””" The POC tests have
also provided valuable information about the hemostatic
abnormalities that occur after injury and the sequence of these
alterations over time. The learning acquired by this technology
may help to develop treatment algorithms/protocols even when
these rapid diagnostic tools are not available. The proposed
algorithm for the management of bleeding patients with trauma
is shown in Figure 2.

Early management of bleeding. If bleeding persists, after the con-
trol of previous conditions, coagulopathy may be present and
the blood transfusion specialist should be contacted and
ROTEM analysis requested, if available. The critical first steps
when treating severely bleeding patients with trauma are the
rapid control of a mechanical cause and, similar to periopera-
tive management, the early collection of samples to perform
coagulation screens, stabilization of basic conditions
(hypothermia, acidosis, hypocalcemia, anemia, and thrombo-
cytopenia), and the evaluation of the therapeutic history of the
patient.?!-?

Hyperfibrinolysis. When hyperfibrinolysis is suspected, the group
recommends the administration of TXA with a loading dose of
1g infused over 10 minutes, followed by intravenous infusion
of 1 g over 8 hours (or 15-20 mg/kg within the first 3 hours after
injury). In order to ensure that TXA is given early, it is sug-
gested to administer the first dose of TXA before hospital
admission.

The Effects of tranexamic acid on death, vascular occlusive
events, and blood transfusion in trauma patients with signifi-
cant haemorrhage (CRASH-2) trial assessed the effects of early
administration of TXA in patients with trauma who were bleed-
ing or at risk of significant bleeding. The trial randomized 20
211 adult patients with trauma to either TXA or placebo within
8 hours of injury. This trial showed a significant reduction in
all-cause mortality and risk of death due to bleeding in TXA-
treated patients.”” The risk of thrombosis with the use of anti-
fibrinolytics such as TXA or g-aminocaproic acid has been a

concern among clinicians. However, CRASH-2 showed that
the rate of thrombosis was lower with the use of TXA. An
exploratory analysis of the CRASH-2 trial showed that the
effect of TXA on death due to bleeding varied according to the
time from injury to treatment. Early treatment (<1 h from
injury) significantly reduced the risk of death due to bleeding.
Treatment given between 1 and 3 hours also reduced this risk
and when given after 3 hours appeared to increase this risk.”

The CRASH-2 Intracranial Bleeding Study, nested within
the CRASH-2 trial, aimed to quantify the effect of TXA on
intracranial hemorrhage in patients with traumatic brain
injury.”* The results showed that TXA reduced intracranial
hemorrhage after traumatic brain injury without increasing the
risk of ischemic lesions. Although this trial has provided
important findings, no trial has been conceived until now to
evaluate the effect of TXA in these patient’s outcomes. Based
on the results of the CRASH-2 trial, the early administration of
TXA is now the standard of care in most European trauma cen-
ters.”? The European trauma guidelines recommend the admin-
istration of TXA “as early as possible to the trauma patient who
is bleeding or at risk of significant hemorrhage” >!®!8 P30)

As described in the perioperative setting, hyperfibrinolysis
can be detected using ROTEM.?”® If hyperfibrinolysis cannot
be detected by standard coagulation tests or viscoelastic meth-
ods, the group suggests that a hyperfibrinolytic state can be sus-
pected in all patients with trauma who present with diffuse
hemorrhage.”*’> When available, the diagnosis should be con-
firmed by viscoelastic methods such as ROTEM.

Fibrinogen deficiency. The group recommends treatment with
fibrinogen concentrate (3-4 g initially, with repeated doses if
necessary or calculated according to plasma fibrinogen concen-
tration or ROTEM parameters) if plasma fibrinogen concentra-
tion is <1.5 to 2.0 g/L or there is ongoing bleeding after blood
loss >1.0to 1.5 L.

Fibrinogen reaches critically low levels very soon after
trauma.'®’® An early observational study suggested that
fibrinogen substitution (with an increased fibrinogen—RBC
ratio) was independently associated with improved survival
in combat-related trauma.”” Moreover, the ex vivo addition
of fibrinogen concentrate was shown to significantly
improve clot firmness confirming the key role of fibrinogen
in coagulopathy caused by in vivo hemodilution by HES.®°
As described for the perioperative setting, fibrinogen defi-
ciency can be diagnosed using standard laboratory methods
or viscoelastic tests.*'"?%3 With the methodological
issues inherent in the standard laboratory tests, fibrinogen
administration using viscoelastic methods as guidance may
be preferable.’’ The ROTEM FIBTEM test provides an
early indication of decreased fibrin clot quality, which is
most likely due to low fibrinogen levels. Retrospective stud-
ies managing massive blood loss in patients with trauma
have suggested that ROTEM-guided administration of fibri-
nogen concentrate results in a better survival rate when
compared to expected mortality (as predicted by the trauma
injury severity and revised injury severity classification
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Traumatic acute hemorrhage

Mechanical cause control

Hemogram, including platelets and coagulation (FT, aPTT and fibrinogen)
Basic preconditions adjustme:

Targets: Hb: H >

Assess drug histol
Pre-medication? Antico ion? Anti-platelet therapy?

Bleeding persists, despite control of the above conditions?

Coagulopathy

15t Consider hyperfibrinolysis

Clinical suspicion of hyperfibrinolysis: trauma and significant bleeding

e.g. neurctrauma and diffuse bleeding Tranexamic acid

+ If ROTEM available, confirmation of hyperfibrinolysis based on: loading dose of 1g infused over 10 minutes,
—  EXTEM ML >15%; EXTEM LI30 <94%; APTEM CT < EXTEM CT ollowed by an intravenous infusion
= APTEM LI30 and ML better than EXTEM LI 30 and ML (>25% improvement)

of 1g over 8 hours
(or 15-20 mg/kg within 3 hours after injury)

Fibrinogen concentrate
* 34 g, initially

2"d Consider fibrinogen deficiency

Consider fibrinogen deficiency if:
-~ Fibrinogen levels <1.5-2.0 g/L Based on ROTEM #213
- Blood loss 21.0-1.5 L and ongoing
+ If ROTEM available:

- FIBTEM CA10 <7 mm; FIBTEM MCF <9 mm Based on plasma concentration
Target: T FIBTEM CA10 >12 mm

Dose (g) = A FIBTEM MCF (mm) x kg
140

Dose (g) = A Fibrinogen (g/L) x k
20

3" Consider thrombocytopenia

Hemogram
- PLT <50 x 10°/L and persistent active bleeding
- PLT <100 x 10%/L for brain injury
* If ROTEM available:
- EXTEM CA10 <40 mm with FIBTEM CA10 >12 mm and PLT <50 x 10°/L
- EXTEM MCF <45 mm with FIBTEM MCF >15 mm and PLT <50 x 10%/L

Platelet concentrate
1 pool of PCor
1 platelet apheresis unit per 60-70 kg

4th Consider deficit of other coagulation factors

(Thrombin formation deficit) PCC
Suspicion of thrombin generation deficit if: 20-30 IU/kg
- PToraPTT >1.5 x normal and acute/active hemorrhage and/or
- Volume blood loss 2150-200% (21.5 TBV) FFP
* IFROTEM available: 12-15 mL/kg initially, up to

- EXTEM CT >80 s; INTEM CT>240 5 20 mL/kg if severe hemorrhage

5t Consider FXIII deficit

(Clot instability not related to hyperfibrinolysis)

FFP
12-20 mL/kg
or

Consider that FXIIl activity is likely to be critically reduced (<60%) in cases of
ongoing or diffuse bleeding and low clot strength despite adequate fibrinogen

concentration
* If ROTEM available: FXIIl concentrate
- EXTEM ML >15% and APTEM ML >15% 30 IU/kg or 1250 IU
J,- Persistent bleeding (uncontrollable)?
rFVila
90-120 pg/ke
Correct previously: pH, Ca®', perature, fibrinogen and platelets

rFVila may not be used in patients with intracranial hemorrhage caused
by isolated head trauma

Figure 2. Proposed algorithm for the management of traumatic acute hemorrhage. aPTT indicates activated partial thromboplastin time; CAI0,
clot amplitude after 10 minutes; CFT, clot formation time; CT, clotting time; FFP, fresh frozen plasma; Hb, hemoglobin; Hct, hematocrit; LI30,
lysis index after 30 minutes; MCF, maximum clot firmness; ML, maximum lysis; PC, platelet concentrate; PCC, prothrombin complex con-
centrate; PLT, platelet count; PT, prothrombin time; TBYV, total blood volume.
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scores)’” and a reduced exposure to allogeneic blood prod-
ucts.”® However, since this technique is not universally
available, other diagnostic methods should also be consid-
ered. A recent study identified Hb levels, base excess
(BE), and injury severity score (ISS) as good indicators of
fibrinogen levels.”” The Hb and BE are rapidly obtainable
in routine laboratory tests and might provide an insightful
and rapid tool to identify major patients with trauma at risk
of acquired hypofibrinogenemia. The Hb <9 g/dL, BE <6
mmol/L, or ISS >30 were associated with fibrinogen levels
below that recommended by the European trauma guidelines
(1.5-2.0 g/L).?' Consequently, the group recommends treat-
ment with fibrinogen concentrate if plasma fibrinogen level
is <1.5 to 2.0 g/L or after blood loss >1.0 to 1.5 L and
ongoing bleeding (a clinical criteria that, according to the
mathematical guide proposed by Singbartl et al,** may help
to predict the presence of low fibrinogen level). The group
suggests the initial administration of 3 to 4 g fibrinogen
concentrate.”! As described for the perioperative setting, the
dose can be targeted using formulas based on either
ROTEM parameters or plasma fibrinogen levels.?>5%8!

Thrombocytopenia. The group suggests the initial administration
of 1 pool of PC or 1 platelet apheresis unit per 60 to 70 kg,
when a platelet count below 50 x 10°/L is associated with per-
sistent active bleeding or when the platelet count is below
100 x 10°/L in patients with brain injury.

As for the perioperative setting, thrombocytopenia can be
indicated by a low platelet count and diagnosed through the
means of ROTEM.?"?® It is generally recommended to main-
tain the platelet count above 50 x 10°/L in bleeding patients
with trauma (or above 100 x 10°/L in patients with multiple
trauma, brain injury, and massive bleeding).?"*****® In most
patients with trauma, platelet count is within the normal range
at admission to the emergency department.®*** Furthermore,
in patients presenting with traumatic coagulopathy, the plate-
let count does not decline to levels that might be expected to
contribute significantly to coagulopathy.®® Platelet count
alone is a weak indicator of the need for platelet transfusion
because it ignores platelet dysfunction. Therefore, platelet
function tests should be performed to guide platelet transfu-
sion in major patients with trauma, if platelet dysfunction is
documented.®’

The implementation of clinical practices supporting early
and high platelet transfusion rates have not shown any
improvement in the survival rate.**® On the other hand,
improved survival and decreased rates of hemorrhagic deaths
were also reported in patients receiving a high ratio of
PC-RBC; however, MOF increased as the PC-RBC ratio
increased. Therefore, the value of platelet transfusion in a
fixed, predefined ratio for the management of TIC is currently
unclear and carries the potential for wasting valuable resources
and the risk of complications. These studies may also be sub-
ject to serious confounding factors, such as survivorship bias,
and routine early platelet transfusion, as part of a massive trans-
fusion protocol appears unjustified.

Deficiency of other coagulation factors (insufficient thrombin
generation). The group recommends the administration of PCC
20 to 30 IU/kg and/or FFP (12-15 mL/kg initially, up to 20 mL/
kg in severe bleeding) when PT or aPTT >1.5 times normal in
the presence of acute/active bleeding or after a blood loss
exceeding 150%-200% (>1.5 total blood volume).

Since thrombin generation is not considerably affected in
the early stages of TIC, the concept of early, high-dose FFP
transfusion with the aim of increasing thrombin generation has
been recently reviewed.”® If bleeding is ongoing after correc-
tion of all the previous conditions/factors, it is reasonable to
think that there might be a deficiency in coagulation factors
that may influence thrombin generation. Current options for
increasing thrombin generation during trauma-related bleeding
include FFP, PCC, and rFVIla.*®

Outside the indication of PCC for the emergency reversal of
vitamin K-dependent oral anticoagulants, current available
data on the use of PCC in the treatment of TIC are limited. Pro-
thrombin complex concentrate is a procoagulant drug, and a
possible risk of thrombosis must be considered alongside a
patient’s potential tendency to thrombosis events after trauma.
Accurate monitoring of patients’ coagulation status may allow
thrombotic risk to be reduced, and POC testing appears to be a
useful tool to guide PCC therapy in patients with traumatic
coagulopathy.’!78:86-87

As described for the perioperative setting, poor thrombin
generation is likely to be detected after a blood loss exceeding
150% to 200% (>1.5 total blood volume) or when PT or aPTT
>1.5 times normal with acute/active bleeding.'>**>" The
approximate recommended dose of PCC is 20 to 30 [U/kg and
of FFP is 12 to 15 mL/kg initially (up to 20 mL/kg in severe
bleeding).”®** The ROTEM parameters indicating a need for
treatment to improve thrombin generation are indicated in Fig-
ure 2.7

FXill deficiency. The group suggests administering FFP (12-20
mL/kg) or FXIII (30 IU/kg or 1250 IU) if available, in cases
of ongoing acute bleeding and low clot strength, despite ade-
quate fibrinogen levels.

After correction of the previous factors/conditions, it is rea-
sonable to consider that other coagulation factors may be
depleted. Massive bleeding may cause an acquired deficiency
in FXIII (significant if <60%), which has a central role in clot
stabilization and clot firmness.*® It has also been suggested that
a decreased FV activity, as well as a deficit in FXIII concentra-
tion, might play a role in the pathogenesis of acute traumatic
coagulopathy.®**? The AUVA Trauma Hospital algorithm for
management of TIC proposed by Schochl et al suggests the
administration of FXIII concentrate in cases of clot instability
not related to hyperfibrinolysis, which can be detected by
ROTEM EXTEM maximum lysis (ML) >15% and APTEM
ML >15%.%"

The group suggests administering FFP (12 to 20 mL/kg) or,
if available, FXIII concentrate (30 [U/kg or 1250 IU), in cases
of ongoing acute bleeding and low clot strength, despite ade-
quate fibrinogen levels. If possible, ROTEM should be used
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to confirm the diagnosis (Figure 2). As FXIII concentrates are
not available in most hospitals in Portugal, FFP is usually the
alternative.

Recombinant activated factor VIl. The group recommends that
rFVIla (90-120 pg/kg) should only be considered if surgical
approaches, combined with first-line hemostatic treatment with
factor concentrates and correction of acidosis, hypothermia,
hypocalcemia, thrombocytopenia and hyperfibrinolysis, fail
to effectively control bleeding (uncontrolled bleeding) but
advises that this is an off-label use and the administration is
at the discretion of the treating physician.

Recombinant activated factor VII is a therapeutic option for
increasing thrombin generation during trauma-related bleed-
ing. Despite some studies reporting that treatment with rFVIla
can be beneficial for controlling bleeding in patients with
trauma,”®®? there are few high-quality studies. Two rando-
mized, placebo-controlled, double-blind trials were simultane-
ously conducted (1 in blunt trauma, n = 143, and 1 in
penetrating trauma, n = 134) to evaluate the efficacy of rFVIla
and showed that there were no significant differences in sur-
vival rates between treatment groups (placebo or rFVIIa) in
both populations with trauma. However, trends toward reduc-
tions in RBC transfusions and massive blood transfusions were
observed, reaching statistical significance in the blunt trauma
group.”® Another randomized clinical trial showed that rFVIIa
reduced blood product use but did not affect mortality when
compared to placebo,”® and follow-up analyses showed that
rFVIla administration was not associated with an increased risk
of thromboembolic complications.”®

The European trauma guidelines suggest that the use of
rFVIla be considered if major bleeding and traumatic coagulo-
pathy persist, despite standard attempts to control bleeding and
best-practice use of conventional hemostatic measures.>' Con-
versely, a case—control study of patients with traumatic intra-
cerebral hemorrhage showed that the use of rFVIla in
isolated head injury was harmful. As a result, the guidelines
do not suggest the use of rFVIIa in these patients.*!

Management of PPH

Postpartum hemorrhage is the leading cause of severe maternal
morbidity and mortality around the world.’® Its rapid diagnosis
and early treatment are critical. In general, PPH is defined as
blood loss of more than 500 mL within 24 hours after vaginal
delivery or 1000 mL after cesarean delivery.”® Uterine atony is
the major cause of PPH; other causes include surgical incisions
and lacerations as well as the presence of coagulopathy. In
some cases, coagulopathy precedes delivery and is a direct
cause of PPH.?” At the final stages of a normal pregnancy, the
concentrations of a variety of coagulation factors are generally
elevated in comparison with the nonpregnant state and antago-
nists of coagulation are decreased or remain unchanged. This
pregnancy-induced hypercoagulable state may reduce the risk
of hemorrhage naturally.”®°® During the third trimester, mater-
nal fibrinogen concentrations are above what is considered

normal for nonpregnant women (2-4 g/L) and can vary from
3 to 6 g/L.2*10

It has been shown in different clinical settings that, when
bleeding occurs, the decrease in fibrinogen concentration is the
most important change observed among markers of coagula-
tion."> In obstetric bleeding, recent studies have shown that
fibrinogen/fibrin deficiency, and not thrombin, is the major
informative marker for the severity of hemorrhage.'”'"'% In
particular, a recent prospective observational study by Collins
et al, performed in a cohort of 346 consecutive women experi-
encing 1000 to 1500 mL PPH, identified fibrin-based clot firm-
ness (evaluated by the ROTEM FIBTEM test) as an early and
rapidly available biomarker of PPH progression.'®* In the man-
agement of PPH, it should be taken into account that these spe-
cific pathophysiologic processes occur and that the values used
to guide interventions might differ from nonpregnant levels.””
As in other clinical settings, it has been shown that thromboe-
lastometry can provide early identification of obstetric coagu-
lopathy and guide hemostatic therapy with TXA, fibrinogen
concentrate, PCC, FFP, and platelets.'® The suggested algo-
rithm is shown in Figure 3.

Prepartum evaluation. A prepartum evaluation should be per-
formed to investigate potential risk factors for obstetric bleed-
ing. Risk factors for PPH with coagulopathy include an
underlying bleeding disorder, HELLP syndrome, massive
bleeding due to uterine atony or lacerations, heart disease, or
sociodemographic factors such as age and race/ethnicity.'°%!%
Despite being able to identify risk factors for PPH in the
antenatal period, the majority of women who develop PPH
do not have any of these risk factors, and every pregnancy is
at risk.'%¢

Early management of bleeding. The critical steps in early assess-
ment of bleeding are the rapid recognition that clinically signif-
icant bleeding has occurred, with effective mechanical/surgical
control (such as uterine massage in situations of uterine atony),
immediate resuscitation, and uterotonics administration. At the
same time, the collection of blood samples for laboratory eva-
luation should be assured (hemogram with platelet count and
coagulation assessment, PT, aPTT, and fibrinogen levels). It
is also critical to simultaneously adjust the basic preconditions
(pH, temperature, Ca*>", and Hb).2° If bleeding persists, after
the control of previous conditions, coagulopathy may be pres-
ent and the blood transfusion specialist should be contacted and
ROTEM analyses requested, if available.

Hyperfibrinolysis. The group recommends that the administration
of TXA (20-25 mg/kg) should be considered early in the treat-
ment of women with severe PPH and prior to fibrinogen
administration.

If bleeding persists despite the control of the previous con-
ditions, we may suspect that coagulopathy has been estab-
lished. Initially it is important to rule out the hypothesis of
the presence of hyperfibrinolysis.?**>!'% When available, POC
testing can be used to confirm hyperfibrinolytic states.?”-*® The
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Pre-partum assessment
Investigate potential risk factors

Post-partum hemorrhage?

Surgical/mechanical control |uterine massage) and uterotonics administration
Hemogram, including platelets and coagulation (pT, aPTT and fibrinogen)

Basic preconditions adjustment:
Targets: Hb >7 g/dL; pH >7.2; Cz .0 mmol/L; Temp. >3!

Bleeding persists, despite control of the above conditions?

Coagulopathy

1%t Consider hyperfibrinolysis

Clinical suspicion of hyperfibrinolysis in situations of PPH

= If ROTEM available, confirmation of hyperfibrinolysis based on:
- EXTEM ML >15%; EXTEM LI 30 <34%; APTEM CT < EXTEM CT Yes 5 Tranexamic acid
- APTEM LI30 and ML better than EXTEM LI30 and ML (>25% improvement) 20-25 mg/kg

Fibrinogen concentrate
30-60 mg/kg, initially

2" Consider fibrinogen deficiency

Consider fibrinogen deficiency if:

- Fibrinogen levels <3.0-4.0 g/L (fibrinogen <2.0 g/L: positive predictive value Based on ROTEM
for severe hemorrhage of 100%) Dose (g) = A FIBTEM MCF (mm) x kg

- Blood loss 21-1.5 L and ongoing L
* If ROTEM available:
- FIBTEM MCF <18 mm

Based on plasma concentration
Dose (g) = A Fibrinogen (
20

3"d Consider thrombocytopenia

Hemogram
- PLT <50 x 10%/L and persistent active bleeding Platelet concentrate
* If ROTEM available:
- EXTEM CA10 <40 mm with FIBTEM CA10 215 mm and PLT <50 x 10%/L
- EXTEM MCF <45 mm with FIBTEM MCF =18 mm and PLT <50 x 10%/L

1 pool of PCor
1 platelet apheresis unit per 60-70 kg

4th Consider deficit of other coagulation factors

(Thrembin formation deficit) PCC
Suspicion of thrombin generation deficit if: 20-30 IU/kg
- PTor aPTT >1.5 x normal and acute/active hemorrhage and/or
- Volume blood loss 2150-200% (=1.5 TBV) FFP

* If ROTEM available:

12-15 mL/kg initially, up to
- EXTEM CT >80 s; INTEM CT >240 s

20 mL/kg if severe hemorrhage

5th Consider FXIII deficit

(Clot instability not related to hyperfibrinolysis)

FFP

Consider that FXIIl activity is likely to be critically reduced (<60%) in cases of 12-20 ml/kg

ongoing or diffuse bleeding and low clot strength despite adequate fibrinogen

or

concentration
+ If ROTEM available: FXIll concentrate
- EXTEM ML >15% and APTEM ML >15% 30 IU/kg or 1250 IU
J, Persistent bleeding (uncontrollable)?
rFVila
90-120 pg/ke

Correct previously: pH, Ca?*, temperature, fibrinogen and platelets
\I, All the previous actions have failed?
Surgical intervention (hysterectomy)?

Figure 3. Proposed algorithm for the management of postpartum hemorrhage. aPTT indicates activated partial thromboplastin time; CAIOQ,
clot amplitude after 10 minutes; CFT, clot formation time; CT, clotting time; FFP, fresh frozen plasma; Hb, hemoglobin; Hct, hematocrit; LI 30,
lysis index after 30 minutes; MCF, maximum clot firmness; ML, maximum lysis; PC, platelet concentrate; PCC, prothrombin complex
concentrate; PLT, platelet count; PT, prothrombin time; TBY, total blood volume.
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ESA guidelines recommend the administration of TXA in
obstetric bleeding to reduce blood loss, bleeding duration, and
transfusion requirements (grade 1B).*°

The procoagulant effects occur naturally during delivery,
and to balance these effects, fibrinolysis is increased.'® How-
ever, abnormal fibrinolysis is associated with complications,
including placental abruption with antepartum bleeding, shock,
and amniotic fluid embolism."'°

A randomized, controlled, prospective, open-label, and mul-
ticenter study (n = 144) investigated the effect of TXA in
women experiencing PPH (>800 mL following vaginal deliv-
ery) compared with no TXA administration.''" The observed
blood loss, bleeding duration, transfusion requirements, and
progression to severe PPH were significantly lower in women
who received TXA compared with the control group. A further,
large, multinational, randomized, double-blind study—World
Maternal Antifibrinolytic (WOMAN) trial—is currently under-
way and is designed to assess the efficacy of TXA administra-
tion (maximum dose 2 g) compared with placebo on patient
outcomes, in women with PPH following vaginal or cesarean
delivery.''? Although some obstetricians are still worried about
the risk of thrombosis with TXA, a very recent double-blind,
placebo-controlled, randomized clinical trial showed that it is
safe when administered 10 minutes before the start of a cesar-
ean delivery in healthy women.'"?

Fibrinogen deficiency. If plasma fibrinogen concentration is
<3.0-4.0 g/L in the presence of ongoing bleeding, the group
recommends treatment with fibrinogen concentrate (initial
dose of 30-60 mg/kg, to be repeated if necessary, or calcu-
lated according to plasma fibrinogen concentration or
ROTEM™ parameters).

The excessive activation of the coagulation system that
occurs in PPH leads to a fast consumption of fibrinogen,”
which is the first coagulation factor to reach critical levels dur-
ing major bleeding.'> Early fibrinogen supplementation is cru-
cial for bleeding control. As referred to previously, the changes
observed in hemostasis in pregnant and postpartum women
may mean that transfusion strategies and trigger levels consid-
ered in other clinical settings are not applicable in the manage-
ment of PPH. Consequently, higher levels of fibrinogen should
be maintained to reduce the risk of severe PPH.”%-''?

The group recommends considering fibrinogen concentrate
administration when fibrinogen levels are below 3.0 to 4.0 g/L
in the presence of active bleeding; however, higher trigger
levels (<4.0 g/L) were suggested by Charbit et al.'®" In fact,
fibrinogen levels of 2 g/L or lower were reported to have a pos-
itive predictive value of 100% for the development of severe
PPH and levels >4 g/L a negative predictive value of 79% for
severe PPH development.'”!

Alternatively, when laboratory results are not available, a
fibrinogen level <4.0 g/L can be suspected after a blood loss
of 1.0 to 1.5 L (or higher) and ongoing bleeding.**'°! The con-
firmation of fibrinogen deficiency can also be made using the
results of ROTEM once this methodology is locally available
(FIBTEM MCF <18 mm).”” A dose of 30 to 60 mg/kg is

initially suggested, with additional doses if necessary.''* The
dose can also be calculated, based on ROTEM parameters or
fibrinogen concentration measured by the Clauss
method.*>**#! In severe situations, such us placental abrup-
tion, higher initial doses of fibrinogen concentrate might be
required.

Thrombocytopenia. When thrombocytopenia is diagnosed (persis-
tent bleeding accompanied by a platelet count <50 x 10°/L),
the group recommends platelet transfusion (one pool of PC or
one platelet apheresis unit per 60 to 70 kg) or higher doses accord-
ing to the clinical situation.

A large retrospective analysis demonstrated an inverse asso-
ciation between the lowest platelet count and RBC transfusion
requirements.'® A subsequent prospective study showed that a
decreasing platelet count during obstetric hemorrhage may be
associated with progression to severe PPH. The most recent
UK obstetric management guidelines recommend platelet
transfusion only when the platelet count is below 50 x 10°/
L, although different studies/guidelines suggest different trig-
ger leveIS-ZO,IOS,l 15,116

The group suggests a trigger level of a platelet count below
50 x 10%/L with persistent active bleeding.''®> Despite the
potential of platelet count as a target for hemostatic therapy,
their utility in PPH management may be limited by long assay
turnaround times (typically 30-60 minutes)."'”""'® The rapid
assessment of coagulation is of great importance to efficiently
manage bleeding in PPH; delayed treatment is a strong predic-
tor of poor outcomes."''” Therefore, as an alternative, the group
recommends inferring the platelet level from ROTEM analy-
ses, using the results of a combination of different tests (eg,
EXTEM, FIBTEM, INTEM, HEPTEM; Figure 3).?’*® The
dose recommended by the group is 1 pool of PC or 1 platelet
apheresis unit per 60 to 70 kg (or higher depending on clinical
situation), with repeated doses if needed.

Deficiency in other coagulation factors (insufficient thrombin
generation). If a deficiency in thrombin generation is suspected
(when blood loss exceeds 150%-200% or when PT or aPTT
>1.5 times normal in the presence of acute/active bleeding), the
group recommends the administration of PCC (20-30 IU/kg)
and/or FFP (12-15 mL initially, up to 20 mL/kg if severe
hemorrhage)

Prothrombin activity is known to reach critical levels when
blood loss exceeds 150% to 200%. Moreover, a thrombin gen-
eration deficit can be suspected when PT or aPTT is >1.5 times
normal in the presence of active bleeding and bleeding loss
above 150% to 200% of the total blood volume.'>***" How-
ever, PT and aPTT can remain in the normal range even in
severe PPH,'*® and the transfusion trigger of 1.5 times normal
is mostly derived from trauma studies, which might not be
appropriate in PPH. As a result, the ESA guidelines state that
aPTT and PT are of little predictive value for PPH (grade C).
In a case of amniotic fluid embolism following vaginal deliv-
ery, stable clotting was achieved by thromboelastometry-
guided coagulation therapy comprising TXA, fibrinogen
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concentrate, platelets, and PCC as well as RBC and FFP in a
1:1 ratio.'® There are no further reports describing PCC or
FXIII therapy in obstetric patients with noninherited coagula-
tion deficiency.?’

If a deficiency in thrombin generation is suspected, the
group recommends the administration of FFP (12-15 mL ini-
tially, up to 20 mL/kg if severe hemorrhage) and/or PCC (20-
30 TU/kg), the latter preferably guided by ROTEM. 038115

FXIIl deficiency. The group suggests the administration of FFP
(12-20 mL/kg) or, if available, FXIII concentrate (30 IU/kg
or 1250 IU) in cases of ongoing or diffuse bleeding and low clot
strength, despite adequate fibrinogen concentration.

The group extended the recommendation of the ESA guide-
lines on coagulation management in severe perioperative
bleeding to situations of PPH: “In cases of ongoing or diffuse
bleeding and low clot strength, despite adequate fibrinogen
concentrations, it is likely that FXIII activity is critically
reduced. In cases of significant FXIII deficiency (ie, <60%
activity), we suggest that FXIII concentrate (30 IU kg™ ') can
be administered” (grade 2C).20®P273: p304)

Recombinant activated factor VII. The group recommends rFVIla
(90-120 ng/kg) as a last-line nonsurgical intervention if bleed-
ing persists after correction of fibrinogen concentration and
other physiological parameters (acidosis, hypocalcemia,
hypothermia, thrombocytopenia, and hyperfibrinolysis) but
advises that this is an off-label use and its administration is
at the discretion of the treating physician.

As in other clinical scenarios, clinicians’ opinions about the
off-label use of rFVlIla is still controversial in PPH. The ESA
guidelines recommend that because of its thromboembolic risk,
and rFVIIa should only be considered as a last-line therapy in
obstetric bleeding (grade 1B).?° Nevertheless, bleeding control
has been reported in women with major hemorrhage.'?%!?!

The group accepts the off-label administration of rFVIIa in
PPH as the last-line, nonsurgical intervention but advises that
this is an off-label use and decision is at the discretion of the
treating physician, always based on the clinical judgment of
each specific situation. It was previously demonstrated that in
the case of severe PPH, adequate levels of platelets and fibrino-
gen levels are essential for rFVIIa to be effective.'** Accord-
ingly, the group also emphasizes that these parameters should
be optimized before rFVIIa administration and also recom-
mends the optimization of pH, Ca®>", and temperature. The
administered dose of rFVIla chosen by the group is 90 to 120
ng/kg, the dose most commonly used.'?*'?! However, doses
can vary between 16 and 228 pg/kg.'?°

Last-line measures. The group suggests hysterectomy as a last-
line action and only if all previously recommended therapies
have failed to correct PPH.

As a life-saving approach, when all the previous actions
have failed, the final intervention for PPH is hysterectomy. The
decision should be made by an experienced obstetrician and

should take into account the woman’s circumstances and
expectations.

Conclusion

The algorithms developed by the working group can be adapted
for use in different hospitals and under different logistics
settings. They can also be used even when rapid diagnostic tools
are not available, by following a logical, pathophysiology-
determined sequence of hemostatic therapy, considering clinical
signs of coagulopathy. The group suggests that hemostatic ther-
apy could consider the results of standard laboratory tests along
with the clinical criteria indicating coagulation factor deficien-
cies. However, when available, POC testing using viscoelastic
methods such as ROTEM or TEG should be performed to guide
the early correction of deficient factors. The group recommends
blood screening tests (Hb, Het, and platelets), blood gases, and
coagulation status assessments to be periodically repeated until
bleeding is controlled and coagulopathy is corrected. Finally, the
group highlighted the importance of communication between
different specialties involved in the care of bleeding patients in
order to achieve better results.
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