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Summary

We compared blood component requirements during major obstetric haemorrhage, following the introduction of
fibrinogen concentrate. A prospective study of transfusion requirements and patient outcomes was performed for
12 months to evaluate the major obstetric haemorrhage pathway using shock packs (Shock Pack phase). The study
was repeated after the pathway was amended to include fibrinogen concentrate (Fibrinogen phase). The median
(IQR [range]) number of blood components given was 8.0 (3.0-14.5 [0-32]) during the Shock Pack phase, and 3.0
(2.0-5.0 [0-26]) during the Fibrinogen phase (p = 0.0004). The median (IQR [range]) quantity of fibrinogen
administered was significantly greater in the Shock Pack phase, 3.2 (0-7.1 [0-20.4]) g, than in the Fibrinogen phase,
0 (0-3.0 [0-12.4]) g, p = 0.0005. Four (9.5%) of 42 patients in the Shock Pack phase developed transfusion associ-
ated circulatory overload compared with none of 51 patients in the Fibrinogen phase (p = 0.038). Fibrinogen
concentrate allows prompt correction of coagulation deficits associated with major obstetric haemorrhage, reducing
the requirement for blood component therapy and the attendant risks of complications.
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Introduction
Despite the decline in mortality due to major obstetric
haemorrhage [1], it remains the most frequent cause
of major morbidity in the obstetric population [2],
leading to postpartum hysterectomies and intensive
care admissions. Major obstetric haemorrhage is often
associated with coagulopathy of dramatic onset, the
severity of which varies depending on the cause, with
varying contributions from dilution as well as the con-
sequences of consumption of coagulation factors.
Fibrinogen represents 85-90% of the whole amount
by weight of plasma coagulation factors, and is the first
to fall below a critical level during bleeding and
haemodilution [3]. Fibrinogen depletion in early post-
partum haemorrhage (PPH) was the single variable
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independently associated with progression to a severe
PPH [4, 5]. Early detection and aggressive correction of
this depletion may be crucial to effective PPH manage-
ment. At the Liverpool Women’s Hospital, we have
routinely used ROTEM® (TEM International GmbH,
Munich, Germany) for near-patient testing of coagula-
tion since April 2011, alongside our major obstetric
haemorrhage pathway. The EXTEM test measures the
extrinsic coagulation pathway, by the addition of tissue
factor to a citrated sample of blood. The FibTEM test
measures the effect of fibrinogen by eliminating the
contribution of platelets to clot strength, through the
addition of cytochalasin D. The normal value for Fib-
TEM maximum clot firmness (MCF) in the third tri-
mester of pregnancy is 15-19 mm, significantly higher
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than in the non-pregnant population (10-12 mm) [6].
The MCF result is available 3040 min after the test
has started. In an earlier study, we found that clot firm-
ness results available at 5 min (A5) showed close corre-
lation with the subsequent MCF values [7]. We have
used A5 values in our algorithm, so that decisions
about the need for fibrinogen-containing products
could be made soon after obtaining a blood sample.
The rate-limiting step then became the time for blood
products to become available from the blood bank.

In the UK, the fibrinogen replenishing products
commonly used in acquired hypofibrinogenaemia are
fresh frozen plasma (FFP) and cryoprecipitate. The
treatment of major haemorrhage with the use of for-
mulaic shock packs is a recent trend based on retro-
spective studies of military casualties, which suggested
that mortality was lowest in those given a 1:1:1 ratio
of packed red cells, FFP and platelets [8, 9]. A
Consensus Panel of the Canadian National Advisory
Committee on Blood and Blood Products examined
the evidence for this approach in 2011 [10]. It con-
cluded that the survivorship bias has probably con-
tributed substantially to the observed reduction in
mortality seen in retrospective studies, and that there
was a lack of evidence to support 1:1:1 blood compo-
nent ratios as a standard of care. In a civilian setting,
the use of these products is associated with a time
delay for crossmatch, thawing and transport. They
are also associated with serious hazards of transfusion
such as infection, transfusion-associated circulatory
overload and transfusion-related acute lung injury.

Fibrinogen concentrate (Haemocomplettan® P; CSL
Behring GmBH, Marburg, Germany) has been exten-
sively and exclusively used in place of cryoprecipitate in
major obstetric haemorrhage protocols in various coun-
tries across Europe for many vyears, because of its
improved safety profile [11-13]. It is a pasteurised,
freeze-dried product that is readily and quickly available
for treatment, without the need for thawing or cross-
match. The pasteurisation process minimises the risk of
viral pathogen transmission [14]. In the UK, fibrinogen
concentrate is available as Riastap® (CSL Behring),
which is only licensed for the treatment of congenital
hypofibrinogenaemia. Riastap and Haemocomplettan
P are identical in both form and preparation.
We obtained local approval to use Riastap on a
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named-patient basis to treat haemorrhage-associated
hypofibrinogenaemia within our Trust.

The initial dose of fibrinogen concentrate recom-
mended by the manufacturers is 2—4 g for a 70-kg
patient [15, 16]. We incorporated a dose of 3 g in our
algorithm, which allowed further doses to be titrated
according to the patient’s individual response to
treatment.

The aim of this study was to compare blood com-
ponent requirements, complications associated with
blood transfusion and patient outcomes following the
introduction of fibrinogen concentrate for the manage-
ment of coagulopathy associated with major obstetric
haemorrhage.

Methods

The local Ethics Committee and the Hospital Transfu-
sion Committee approved this prospective two-phase
study. All anaesthetists within the Trust received train-
ing in the use of ROTEM and major haemorrhage
pathway.

Patients were included in the study if they had a
major obstetric haemorrhage (estimated blood loss
> 1500 ml) associated with coagulopathy (FIBTEM
A5 < 12 mm, indicative of a plasma fibrinogen level
of 2 gl™'). Patients receiving anticoagulant therapy
were excluded.

Data were collected during the initial (‘Shock Pack”)
phase of the study from April 2011 to March 2012, when
major haemorrhage packs containing four units of red
cells, four units of FFP and one adult dose of platelets
were used to correct coagulation deficits (Appendix 1).

In July 2012, the major obstetric haemorrhage
algorithm was updated, removing the blind adminis-
tration of FFP from the start of the pathway. A Flow-
chart was added to guide interpretation of FIbTEM A5
values, and assist the clinical decision to use fibrinogen
concentrate (Appendix 2). Data were collected during
the second (‘Fibrinogen’) phase of the study from July
2012 to June 2013.

Table 1 shows the outcomes that were measured dur-
ing each phase of the study. The total quantity of fibrino-
gen was calculated by adding the average fibrinogen
content of each of the blood components administered. A
pooled bag of cryoprecipitate from five donors contains
1.552 g in a mean volume of 189 ml [16]. The fibrinogen
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Table 1 Outcomes measured during each phase of the
study.

Blood component
requirements

Total number of blood components
Proportion of patients receiving
fibrinogen replenishing products
Units of fresh frozen plasma
Pooled bags of cryoprecipitate
Total quantity of fibrinogen
Number of units of red blood cells
Number requiring > 6 units of red
blood cells
ICU admission
Transfusion-associated circulatory

Patient outcomes
and complications

of blood component  overload
transfusion Transfusion-related acute lung
injury
Postpartum hysterectomy
Death

content of FFP is more variable; a typical unit contains
0.8 g in a volume of 300 ml [17].

Statistical comparison was with Mann—Whitney U-
tests and Fisher’s exact tests, using GraphPad Prism
version 6.0d for Windows, GraphPad Software, La Jolla,
CA, USA, www.graphpad.com. A value of p < 0.05
indicated statistical significance.

Results

Data were collected from 42 patients in the Shock
Pack phase of the study and from 51 patients in the
Fibrinogen phase. There were no changes in overall
patient population, surgical/anaesthetic ~experience,
proficiency in use of the ROTEM or use of cell-salvage
between the two phases.

Table 2 shows the estimated blood loss, diagnosis
and surgical management of the study population. The
use of blood components is shown in Figs. 1 and 2.
There were significant differences between the Shock
Pack and Fibrinogen phases in the total number of
blood components units of FFP pooled bags of cryo-
precipitate total quantity of fibrinogen and doses of
platelets. A higher proportion of patients in the Shock
Pack phase received fibrinogen-containing products
(30/42; 71%) than in the Fibrinogen phase (21/51;
41%, p = 0.0062).

There was no difference in the number of units of
red blood cells given in each phase. However, signifi-
cantly more patients received six or more units of red
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Table 2 Estimated blood loss, diagnosis and surgical
management of massive obstetric haemorrhage before
(Shock Pack phase) and after (Fibrinogen phase) intro-
duction of fibrinogen concentrate. Values are number,
with multiple diagnoses and surgical managements.

Shock Pack Fibrinogen
(n =42) (n =51)
Estimated blood loss; ml
< 1499 10 12
1500-2999 12 19
3000-4999 8 7
> 5000 3 3
Not recorded 9 10
Obstetric diagnoses
Abruption 3
Placenta praevia 5 1
Trauma 11 19
Atony 7 5
Uterine inversion 0 2
Other 15 18
Surgical management
Hysterectomy 6 3
Balloon tamponade 9 6
Brace suture 8 7
Repair of trauma 10 18
Exploratory laparotomy 2 1
Other 6 17

blood cells in the Shock Pack (12/42; 29%) than the
Fibrinogen group (5/51; 10%, p = 0.0299). Table 3
shows patient outcomes and complications as a result
of blood component transfusion.

Discussion
The incidence of massive obstetric haemorrhage is ris-
ing, having doubled from three per 1000 live births in
Scotland in 2004, to six per 1000 live births in 2011
[2]. Tt is the leading cause of admission to intensive
care units in women of childbearing age [18], with an
emergency postpartum hysterectomy required as a life-
saving measure in the most severe patients. When this
procedure is performed under these circumstances, it
is associated with considerable morbidity, and a
patient fatality rate of 0.6% has been reported [19].
The youngest patient ever to have had a postpartum
hysterectomy in our institution was 19 years of age.
We introduced an updated major haemorrhage
pathway into our clinical practice, following recom-
mendations by the North West Regional Transfusion
Committee in April 2011. The aim of this pathway
was to standardise investigations and treatment at the
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Figure 1 Total number of blood components, units of fresh frozen plasma, pooled bags of cryoprecipitate and units
of red blood cells before (Shock Pack phase) and after (Fibrinogen phase) introduction of fibrinogen concentrate.

Horizontal line, median; box, IQR; whiskers, range.
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Figure 2 Total quantity of fibrinogen and adult doses
of platelets before (Shock Pack phase) and after (Fibri-
nogen phase) introduction of fibrinogen concentrate.
Horizontal line, median; box, IQR; whiskers, range.

declaration of a major obstetric haemorrhage, clarify-
ing dialogue and teamwork between clinicians and
laboratory staff. The pathway also highlights the need
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Table 3 Patient outcomes and complications as a
result of blood component transfusion before (Shock
Pack phase) and after (Fibrinogen phase) introduction
of fibrinogen concentrate. Values are number (propor-
tion).

Shock Pack Fibrinogen

(n =42 (n =51) p value
ICU admission 4 (9%) 1 (2%) NS
TACO 4 (9%) 0 0.0367
TRALI 0 0 NS
Postpartum 6 (14%) 3 (6%) NS

hysterectomy

Death 0 0 NS

TACO, transfusion-associated circulatory overload; TRALI,
transfusion-related acute lung injury.

to correct coagulopathy at the outset, and to measure
fibrinogen concentration, which was often omitted
when coagulation tests were requested. However, there
remained significant delays in obtaining both FFP and
the results of laboratory fibrinogen measurements. We
also introduced ROTEM at this time, which was used
alongside laboratory measurements in an observational
capacity. The ROTEM machine was installed in the
obstetric theatre recovery area, with remote viewing
available in all obstetric theatres. All anaesthetists were
trained to use ROTEM for any patient with major
haemorrhage or suspected coagulopathy.
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A pilot study showed that 30 of 64 (47%) patients
had a normal FibTEM MCEF result at entry into the
major obstetric haemorrhage pathway. These patients
required significantly fewer units of packed red blood
cells than those whose first FIbTEM MCF was less
than 15 mm (mean number of units transfused 0.8 vs
3.7, p < 0.001; unpublished observation from internal
audit). We also found a robust correlation between
FibTEM MCF and A5 [7], which was confirmed in
subsequent studies [20, 21]. There is also a strong
reported correlation between FibTEM A5 measure-
ments and fibrinogen levels [22-28].

We considered targeting fibrinogen-containing
products on the basis of FIbTEM A5 results, but there
was concern that delays in treatment could occur if we
did not order FFP for all patients at the initiation of
the pathway, due to the time required for crossmatch,
defrosting and transportation.

Our interest in fibrinogen concentrate was trig-
gered by the publication of a case series showing its
benefits in major obstetric haemorrhage [29]. We dis-
cussed this with our haematologists and the Hospital
Transfusion Committee. The Liverpool Women’s Hos-
pital is a stand-alone tertiary referral centre that does
not have 24-h on-site transfusion laboratories. We
requested that a supply of fibrinogen concentrate be
available on the delivery suite for use on a named-
patient basis, guided by FIbTEM A5 results. This was
accepted by our Clinical Governance Committee to
address the risks inherent in delivering parturients at
high risk of major haemorrhage in our Trust. The sec-
ond phase of the study was then conducted to provide
assurance to the same committee that this approach
would result in improved outcomes.

We chose a conservative threshold for treating
haemorrhage-induced coagulopathy, giving fibrinogen
concentrate to all patients with a FIbTEM A5 below
7 mm, indicative of a fibrinogen level of 1.5-2 gl™', a
conventional level at which fibrinogen replacement
therapy has been widely recommended [28, 30, 31].
Our algorithm allowed us to reassess the response to
its administration promptly, and administer more
fibrinogen rapidly if the FibTEM value still indicated
abnormality.

Our results show that there was a significant
reduction in the total usage of allogeneic blood prod-
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ucts, similar to evidence from cardiac [32], vascular
[24, 30, 33] and trauma [34] studies, as well as a
systematic Cochrane review [35]. We did not find any
adverse events associated with fibrinogen concentrate,
in line with other studies [36]. Volume overload with
FFP is a significant clinical problem [16], even in rela-
tively young fit patients. Following the change in our
clinical practice from large volume infusions of FFP to
targeted small volumes of fibrinogen concentrate, we
have not had any further cases of transfusion-associ-
ated circulatory overload.

This audit demonstrates a key change in the role
of obstetric anaesthetists when dealing with massive
obstetric haemorrhage. In the past, obstetricians dealt
with the diagnosis and management of the four Ts
(tone, tissue, trauma and thrombin), while anaesthe-
tists faced the challenge of maintaining normovola-
emia in a patient with ongoing rapid blood loss,
guided by information from appropriate monitors of
haemodynamic parameters. Now that we have experi-
ence of using real-time monitoring of coagulation, the
obstetric anaesthetist can diagnose and treat haemor-
rhage-associated coagulopathy at the earliest possible
stage.

Fresh frozen plasma is an inappropriate fluid for
volume resuscitation due the high risk of allergic reac-
tions [16]. Furthermore, the concentration of fibrino-
gen within a typical unit of FFP (2.6 g.l_l) [17] is
around half that of the median (IQR) concentration of
5 gl™' (4.4-5.8) seen in the third trimester of preg-
nancy [26]. Administration of FFP to a pregnant
patient at term may thus result in a reduction in
fibrinogen levels. Our study suggests that early correc-
tion of low fibrinogen levels with fibrinogen concen-
trate results in fewer patients who require massive
transfusion of red cells, additional doses of fibrinogen-
containing products, or platelets.

The choice of sample size for this single centre
study was pragmatic, and based on the number of par-
turients who met our inclusion criteria at each phase
of our study. This was sufficient to detect differences
in blood component usage, but the study was not suffi-
ciently powered to determine whether the observed
reduction in the number of hysterectomies was attrib-
utable to chance, or represented a major benefit arising
from effective correction of coagulopathy.
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As a sequential phased study, we cannot exclude
the effects of increased experience with ROTEM and
improved teamwork as contributory factors to the
improved outcomes. However, we feel that these are
minor, when compared with the ease and speed with
which we have been able to correct and monitor
observed coagulopathy, using our bespoke algorithm to
guide fibrinogen concentrate administration. These
findings from our study need to be confirmed by a
randomised controlled trial. In November 2013, we
commenced recruitment as one of four centres in the
Obstetrics Bleeding Study 2, which compares fibrino-
gen concentrate with placebo for the treatment of
post-partum haemorrhage. Recruitment for this study
will end in December 2014 [37].
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Appendix 1

Massive Obstetric Haemorrhage Algorithm April 2011 to March 2012

Transfusion Management of Massive Haemorrhage in Obstetrics

Transfusion Lab Tel Number(s)
4127/4627

After 21:00

- RLUH Haem lab via switch

Activate Level 1 transfusion
protocol:

Time to receive at clinical area:
-Level 1: 30 mins

-Level 2: 90 mins

*Emergency O red cells
- 6 units in blood fridge on DS
-2 units in Gynae theatre

Blood Courier @

07717 516 171

Consultant Haematologist @
Via RLUH switchboard

STOP THE

BLEEDING

Haemorrhage Control
Bimanual compression
Ergometrine 500 micrograms IV
Syntocinon 10 IU IV

& 40 IU infusion

Check placenta and for trauma
Carboprost IM.

EUA

Tamponade

Compression sutures
Hysterectomy

Haemostatic Drugs

Vit K and Prothrombin complex
concentrate for warfarinised
patients and

Other haemostatic agents:
discuss with Consultant
Haematologist

Cell salvage if available and
appropriate

Consider ratios of other
components:

1 unit of red cells = ¢.250 mls
salvaged blood

>1500 mls and ongoing severe bleeding
or 150 mls/min
Use of emergency O-ve blood
Collapse/Clinical shock
If “LEVEL 1” transfusion protocol is activated

(\—//-\\“

Liverpool Women’s «

Activate Massive Haemorrhage Pathway (SpR/ST3 and above)

4 Call for help 2222

‘Massive Haemorrhage, Location, Specialty’
Alert emergency response team (including blood
transfusion laboratory, portering/transport staff)

Consultant involvement essential
\ Move patient to HDU when safe to do so

] L

T
/ Take bloods and send to lab:
XM, FBC, PT, APTT, fibrinogen, U+E, Ca?*
NPT: ABG, ROTEM
and
Order MHP 1
Red cells* 4 units
FFP 4 units
Platelets 1 dose (ATD)
(*Emergency O blood, group specific blood,

XM blood depending on availability) /

—H—
[ Give MHP 1 ]
T1

o

Reassess

Suspected continuing haemorrhage
requiring further transfusion
Take bloods and send to lab:
FBC, PT, APTT, fibrinogen, U+E, Ca?*

NPT: ABG, ROTEM
. =
Order Products:
According to ROTEM

or Order MHP 2
4 units

Red cells
FFP 4 units
Platelets 1 dose (ATD)
request Cryoprecipitate 2 packs if
fibrinogen <2
= =

[ Give MHP 2 ]
1

Once MHP 2 administered, repeat bloods:
FBC, PT, APTT, fibrinogen, U+E,
NPT: ABG, TEG if available
To inform further blood component
requesting

ABG — Arterial Blood Gas
FFP- Fresh Frozen plasma
PT- Prothrombin Time

RESUSCITATE
Airway

Breathing
Circulation

2 packs cryoprecipitate if

fibrinogen <2 g/l or as guided <+

by ROTEM

Aims for therapy

Aim for:

Hb 8-10 g/dl

Platelets >75 x 10%/I

PT ratio <15

APTT ratio <15

Fibrinogen >2 g/l
<:> Ca? >1 mmol/

Temp > 36°C

pH >7.35 (on ABG)

Monitor for hyperkalaemia

Prevent Hypothermia
Consider Calcium Chloride
Continuous cardiac monitoring

Thromboprophylaxis should be considered when patient stable

APTT — Activated partial thromboplastin time
MHP — Massive Haemorrhage Pack
TEG/ROTEM- Thromboelastography

© 2014 The Association of Anaesthetists of Great Britain and Ireland

ATD- Adult Therapeutic Dose
NPT — Near Patient Testing

XM - Crossmatch V1 2011
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Appendix 2
Major Obstetric Haemorrhage Algorithm incorporating ROTEM-guided Fibrinogen Concentrate, July 2012 to
June 2013

Transfusion Management of Massive Haemorrhage in Obstetrics

Transfusion Lab Tel Number(s)
4127/4627

After 21:00

- RLUH Haem lab via switch

Activate Level 1 transfusion
protocol:

-Level 1: 30 mins
-Level 2: 90 mins

eEmergency O red cells
- 6 units in blood fridge on DS
-2 units in Gynae theatre

Time to receive at clinical area:

>1500 mls and ongoing severe bleeding
or 150 mls min=t (
Use of emergency O-ve blood
Collapse/Clinical shock
If “LEVEL 1” transfusion protocol is activated

=

Liverpool Women'’s ¢

Activate Massive Haemorrhage Pathway (SpR/ST3 and above)

4 Call for help 2222

‘Massive Haemorrhage, Location, Specialty’
Alert emergency response team (including blood
transfusion laboratory, portering/transport staff)

Consultant involvement essential
\ Move patient to HDU when safe to do so

] [

RESUSCITATE
Airway

Breathing
Circulation

Blood Courier @

07717 516 171

Consultant Haematologist &
Via RLUH switchboard

STOP THE
BLEEDING

Haemorrhage Control
Bimanual compression
Ergometrine 500 micrograms IV
Syntocinon 10 IU IV

&40 IU infusion

Check placenta and for trauma
Carboprost IM.

EUA

Tamponade

Compression sutures
Hysterectomy

Haemostatic Drugs

Vit K and Prothrombin complex
concentrate for warfarinised
patients and

Other haemostatic agents:
discuss with Consultant
Haematologist

Cell salvage_if available and
appropriate

Consider ratios of other
components:

1 unit of red cells = ¢.250 mls
salvaged blood

ABG — Arterial Blood Gas
FFP- Fresh Frozen plasma
PT- Prothrombin Time
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-
ASSESS :Take bloods for:
XM, FBC, PT, APTT, fibrinogen, U+E, Ca%*
NPT: ROTEM, HEMOCUE, ABG

3 g of Fibrinogen Concentrate if
fibrinogen <1.5 g I or as guided

by ROTEM *
Order No ROTEM?
Red cells 4 units OOrder ’
Platelets 1 dose : .
or R Aims for therapy
then follow FFP 4units Aim for:
ROTEM Pathway Platelets 1 dose Hb 8-10 g dit
I I Platelets >75x10° 1
Fibrinogen >2glt
Suspected or continuing haemorrhage requiring Ca?* >1 mmol I
further transfusion : REASSESS consider Temp >36°C I—
arterial line, FBC, PT, APTT, fibrinogen, U+E, Ca2* pH >7.35 (on ABG)
REPEAT ROTEM, HEMOCUE, Monitor for hyperkalaemia
Discuss with HAEMATOLOGIST *

.

X

No ROTEM?
Red Cells 4 units
or FFP 4 units

Platelets 1 dose

Suspected continuing haemorrhage
requiring further transfusion : REASSESS
FBC, PT, APTT, fibrinogen, U+E, Ca%*
REPEAT ROTEM, HEMOCUE, ABG
Consider Tranexamic Acid

Prevent Hypothermia
Consider Calcium Chloride
Continuous cardiac monitoring
and CVP line insertion

Follow ROTEM
Pathway

Thromboprophylaxis should be considered when patient stable.
*Discuss with Consultant Anaesthetist/Obstetrician and Haematologist.

ATD- Adult Therapeutic Dose
NPT — Near Patient Testing
XM — Crossmatch

APTT — Activated partial thromboplastin time
MHP — Massive Haemorrhage Pack
TEG/ROTEM - Thromboelastography
July 2012
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Appendix 2. (Continued)

Protocol for Massive Obstetric Haemorrhage,
guided by results from ROTEM C
*-—/’\.h

Liverpool Women’s(

Order/give 4 Units Red Cells
Run FibTEM and EXTEM

) ; Order FFP
YES_| Active YES .
[ CT EXTEM > 100 s bleeding? (give when
ready)
NO NO
1 g
—'{ Wait 5 minutes for FIbTEM and ExTEM results ]l—
[
FIboTEM A5 <7 FIbTEM A5 7-12 FIbTEM A5 > 12
AND AND AND
EXTEM A5 < 47 EXTEM A5 < 47 EXTEM A5 > 47

Active/high risk ;

[ of bleeding? ][ Not Bleeding ]
Fibrinogen

Concentrate 3 g

[ Recheck ROTEM in 10 minutes
|

Low ExTEM but normal FibTEM
Or if 10 units of blood or more Platelets

*On agreement between Consultant Anaesthetist and Obstetrician
NB Always base treatment upon clinical scenario

June 2013
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