




















Clinical and Applied Thrombosis/Hemostasis

Figure 2. Proposed algorithm for the management of traumatic acute hemorrhage. aPTT indicates activated partial thromboplastin time; CA10,
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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