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ABSTRACT

Introduction

To evaluate ROTEM® FIBTEM A5 as an early point-of-care parameter for
predicting the progression to severe postpartum hemorrhage, and compare its
predictive value to that of fibrinogen.

Material and methods

Prospective cohort study in the Netherlands including women with 800 to 1500mL
of blood loss within 24 hours after birth. Blood loss was quantitatively measured
by weighing blood-soaked items and by using a fluid collector bag in the operating
room. Both FIBTEM A5 values and fibrinogen concentrations (Clauss method)
were measured between 800 to 1500mL of blood loss. Predictive accuracy of both
biomarkers for the progression to severe postpartum hemorrhage was measured
by area under the receiver operating curves. Severe postpartum hemorrhage
was defined as a composite endpoint of 1) blood loss >2000mL, 2) transfusion of
>4 packed red blood cells, and/or 3) need for an invasive intervention to cease
bleeding.

Results

Of the 391 women included, 72 (18%) developed severe postpartum hemorrhage.
Median (IQR) volume of blood loss at blood sampling was 1100mL (1000-1300)
with a median (IQR) fibrinogen concentration of 3.9¢/L (3.4-4.6) and FIBTEM A5
value of 17mm (13-20). The AUC for progression to severe postpartum hemorrhage
was 0.53 (95% CI 0.46-0.61) for FIBTEM A5 and 0.58 (95% CI 0.50-0.65) for
fibrinogen. Positive predictive values for progression to severe postpartum
hemorrhage for FIBTEM A5 <12mm was 22.5% (95% CI 14-33) and 50% (95% CI
25-75) for fibrinogen <2g/L.

Conclusions

The predictive value of FIBTEM A5 compared to fibrinogen concentrations
measured between 800 and 1500mL of blood loss following childbirth to
discriminate between women with and without progression towards severe
postpartum hemorrhage was poor.



FIBTEM A5 as an early predictor?

INTRODUCTION

Postpartum hemorrhage is a significant contributor to maternal morbidity in
high-income countries and the leading cause of maternal mortality worldwide.'
Hemorrhage following birth most commonly has a primary obstetric cause, and
although postpartum hemorrhage should be treated prior to development of
coagulopathy, it can be aggravated by hemostatic impairment.® Research into the
maternal coagulation profile during postpartum hemorrhage has indicated that
a low fibrinogen concentration (<2g/L) is associated with severity of bleeding.®*
However, detection of a fibrinogen deficiency during hemorrhage is often delayed
due to the long turnaround times of conventional coagulation tests (e.g. Clauss
fibrinogen assay), with results generally available following 60 minutes.’ For
this reason, conventional coagulation tests are not suitable for predicting the
progression of bleeding and to guide hemostatic interventions (e.g. administration
of fibrinogen concentrate) during the acute phase of postpartum hemorrhage.”

Viscoelastometric point-of-care testing using rotational thromboelastometry
(ROTEM®) provides an alternative approach to detect early changes in coagulation
parameters by analyzing clot formation, firmness, and lysis.'? The ROTEM®
FIBTEM assay determines the role of the extrinsic coagulation pathway to clot
firmness independent of platelets.!? The fibrinogen concentration is the major
contributing factor in the FIBTEM assay.’? Results from the FIBTEM amplitude
of clot firmness at 5 minutes (A5) can be obtained within 10 to 15 minutes
following blood sampling, and correlates well with the plasma-derived fibrinogen
concentrations during pregnancy and postpartum hemorrhage.®* A FIBTEM
A5 value of =12mm has been suggested as the most accurate cut-off point to
select women with a fibrinogen concentration of <2g/L during postpartum
hemorrhage.’® In a previous study, FIBTEM A5 was found to be a rapidly available
biomarker for predicting progression of postpartum hemorrhage.’® Nevertheless,
it remains unclear whether implementation of FIBTEM A5 measurements as part
of standard care during the onset of postpartum hemorrhage has the potential
to accurately diagnose low fibrinogen concentrations and is able to discriminate
between women with and without progression to severe postpartum hemorrhage.
We hypothesized that an early FIBTEM A5 measurement is able to predict the
progression to severe hemorrhage for the following reasons. First, a deterioration
in FIBTEM A5 measurements during the early stages of postpartum hemorrhage
might indicate that blood loss is greater than appreciated. Second, a deterioration
in FIBTEM A5 measurements might indicate an impairment in hemostasis
suggesting that these women have a higher than average propensity to bleed
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in relation to the primary obstetric cause. Early identification of hemostatic
impairment allows for earlier use of targeted hemostatic interventions. If so,
FIBTEM A5 could be a promising point-of-care parameter to identify women
who could possible benefit from targeted fibrinogen replacement therapy during
the earliest stages of postpartum hemorrhage, possibly preventing progression to
severe bleeding.

National guidelines on the prevention and management of postpartum hemorrhage
from the United Kingdom (Royal College of Obstetricians and Gynaecologists
[RCOG]) and the Netherlands (Dutch Society of Obstetrics and Gynaecology
[NVOG]) recommend routine coagulation testing in case of ongoing bleeding
exceeding 1000mL of blood loss following birth.'”® However, in anticipation of
postpartum hemorrhage, in some women intravenous access with simultaneous
collection of blood for coagulation screening may already have been established
before reaching the threshold of 1000mL blood loss. Therefore, the aim of this
study was to evaluate the value of FIBTEM A5 as a predictor for progression to
severe postpartum hemorrhage when collected between 800 and 1500mL blood
loss after birth, and compare its predictive value to that of the conventional Clauss
fibrinogen assay.
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MATERIALS AND METHODS

This study was part of the Towards better prognostic and diagnostic strategies for
Major Obstetric Hemorrhage (TeMpOH-2) study. TeMpOH-2 study was a multicenter
prospective cohort study of pregnant women in the Netherlands between February,
2015 and April, 2018. Pregnant women of at least 18 years old and with a gestational
age of at least 24 weeks were recruited at the outpatient clinics and maternity
wards of three participating hospitals; Leiden University Medical Center (tertiary
hospital), Erasmus Medical Center Rotterdam (tertiary hospital), and Isala Clinics in
Zwolle (secondary hospital). Included women were monitored for the occurrence of
postpartum hemorrhage (in the Netherlands defined as 21000mL blood loss within
24 hours after birth) and followed until discharge from hospital. In all hospitals,
consecutive measurements of blood loss at time of blood sampling and total volume
of blood loss when bleeding ceased was measured by weighing gauzes or other soaked
materials and by use of a collector bag and suction system in the operating room.
The clinician in charge was instructed to take at least one blood sample between 800
to 1500mL of blood loss. These samples were taken for full blood count, fibrinogen
measurement (according to the Clauss method)'®, and FIBTEM A5 measurement
performed on a ROTEM® Delta device (Tem International GmbH, Munich, Germany).
All measurement on the ROTEM® Delta device were conducted with a single use
reagent and in accordance with the recommendations of the manufacturer.’® In one
hospital, the ROTEM® Delta device was positioned in a utility room equipped with
laboratory devices at the maternity ward and measurements were carried out by
well-trained research nurses and clinical midwives. In the other two participating
hospitals, the ROTEM® Delta devices were located at the laboratory and samples
were handled by laboratory staff. Blood samples were collected before administration
of blood components and fibrinogen concentrate. If multiple blood samples were
taken between 800 and 1500mL of blood loss, the first sample above 1000mL was
selected for analysis as recommended by the Dutch and English national guidelines
on management of postpartum hemorrhage, which specifically recommends routine
coagulation testing in case of bleeding exceeding 1000mL of blood loss.’® Women
who used anticoagulants or had a known coagulation disorder were excluded from
the analysis. FIBTEM A5 results were not made available to the clinicians and women
were treated according to the Dutch national guideline for postpartum hemorrhage.'®

Trained research nurses obtained information on maternal and obstetric
characteristics from medical files that were available at the maternity ward and
operating theatre. The following parameters were recorded: maternal age at time
of birth, body mass index (BMI) at beginning of pregnancy, gestational age at
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time of birth, parity, ethnicity (Caucasian or non-Caucasian), multiple pregnancy,
presence of pre-eclampsia or HELLP syndrome, mode of birth (vaginal birth or
cesarean section), cause of hemorrhage (uterine atony, uterine rupture, placental
pathology [including placenta previa, retained placenta or placental remnants,
abnormally invasive placenta, and placental abruption], laceration of birth canal,
and surgical bleeding), administration of uterotonic agents (oxytocin, sulprostone,
ergometrine, misoprostol, and carbetocin), administration of non-uterotonic
agents (tranexamic acid, fibrinogen concentrate, and recombinant factor VlIla),
administration of clear fluids (crystalloids and colloids) and blood products
(packed cells, fresh frozen plasma, and platelets), and invasive interventions
to control bleeding (including intrauterine balloon tamponade, uterine artery
ligation, uterine compression sutures, uterine artery embolization, and peripartum
hysterectomy).

Severe postpartum hemorrhage was defined as a composite outcome of a total
blood loss exceeding 2000mL, a transfusion of =4 packed red blood cells, and/or
need for any invasive intervention, defined as intrauterine balloon tamponade,
uterine artery ligation, uterine compression sutures, uterine artery embolization,
or peripartum hysterectomy. These three outcomes are considered severe
postpartum hemorrhage-related core outcome sets based on two international
Delphi consensus studies.?*?!

Continuous data are presented as medians with interquartile ranges (IQR) and
categorical data are summarized as frequencies with percentages (%). The clinical
value of FIBTEM A5 and fibrinogen to predict progression to severe postpartum
hemorrhage was investigated by area under the receiver operating characteristics
curves (AUC) with 95% confidence intervals (CI) and positive and negative
predictive values. The correlation between FIBTEM A5 values and fibrinogen
concentrations was assessed by the Spearman’s rank correlation coefficient
(r.). Considering that the Dutch and English national guidelines are specifically
recommending coagulation testing when bleeding exceeds 1000mL, the clinical
value of FIBTEM A5 and fibrinogen to predict progression to severe postpartum
hemorrhage was also examined in a subgroup including only blood samples taken
between 1000 and 1500mL of blood loss. A complete case analysis was performed
and missing data were not imputed. Statistical analyses were performed using
Stata Statistical Software: Release 14 (StataCorp LP, TX, USA).
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Ethical approval

The TeMpOH-2 study was approved by the ethical committee of the Leiden
University Medical Center (P13.246; February, 2014) and by the institutional
review board of each participating hospital. Written informed consent was
obtained antenatally from women included in the study. However, the ethical
committee provided the possibility to ask women for verbal informed consent
during onset of postpartum hemorrhage in case they had not yet been included
during pregnancy. In these cases, written informed consent was obtained when
bleeding ceased. The TeMpOH-2 study was registered at ClinicalTrials.gov
(NCT02149472).
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RESULTS

During the three-year inclusion period of the TeMpOH-2 study there were 17.203
women of at least 18 years old and with a gestational age of 24 weeks onwards
who gave birth in one of the three hospitals. Of these women, 1605 (9.3%) had lost
at least 1000mL of blood, of whom 391 fulfilled the inclusion criteria, consented
to participate, and had a valid corresponding FIBTEM A5 and fibrinogen
measurement between 800-1500mL of blood loss after childbirth (Figure 1). Of
the 391 women included, 72 women (18%) had severe postpartum hemorrhage.

Baseline characteristics

Characteristics at study entry are presented in Table 1. The main cause of
bleeding was either uterine atony (N=145/391, 37%), or retained placenta or
placental remnant (N=148/391, 38%). Median (IQR) blood loss at time of blood
sampling was 1100mL (1000-1300) with a median (IQR) fibrinogen concentration
of 3.9g/L (3.4-4.6) and median (IQR) FIBTEM A5 value of 17mm (13-20). Lowest
median (IQR) fibrinogen concentration and FIBTEM A5 value at study entry were
associated with placental abruption, respectively 2.5¢g/L (1.7-3.7) and 13mm (8-
16) (see supporting Table S1 for FIBTEM A5 values and fibrinogen concentrations
for other postpartum hemorrhage causes). Sixteen (4%) women had a fibrinogen
concentration <2g/L and 80 (20%) women had a FIBTEM A5 value <12mm.
Colloids were infused in 28% (N=108, with a median [IQR] volume of 500mL
[0-500]) and crystalloids in 62% (N=241, with a median [IQR] volume of 500mL
[500-1000]) of the women before blood sampling.

Management of hemorrhage

All women (N=391) received a uterotonic agent, of whom 79 (20%) had a second
uterotonic agent, 8 (2%) a third uterotonic agent, and 2 (0.5%) women a fourth
uterotonic agent during hemorrhage. Tranexamic acid was administered in
60 (15%) women, fibrinogen concentrate in 12 (3%) women, and recombinant
factor VII in none of the women. There were 21 invasive interventions in 19 (5%)
women, including 13 intrauterine balloons, 4 uterine compression sutures, 2
uterine artery embolization, and 2 peripartum hysterectomies. One woman had
intrauterine balloon tamponade in combination with uterine artery embolization
and one woman had intrauterine balloon tamponade followed by peripartum
hysterectomy. Seventy-one women (18%) were transfused packed red blood cells,
8 (2%) received fresh frozen plasma, and 9 (2%) received platelet concentrates
during bleeding.
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17.203 women of at least 18 years old and with a gestational age of 24 weeks
gave birth in one of the participating hospitals during the inclusion period

[ e 15.631 women had less than 1000mL of blood loss after birth ]

[ 1572 women had at least 1000mL of blood loss within 24 hours after birth ]

lL [ * 897 women were not asked or did not agree to participate ]

675 women had consented to participate in the study, either written or orally ]

N
e 71 women did not sign the informed consent

* 45 women were excluded due to blood sampling error
* 01 woman did not participate due to a language barrier

558 women (701 samples) with a written informed consent and with at least

one valid ROTEM® Delta FIBTEM A5 or Clauss Fibrinogen measurement
J

N
* 85 ROTEM® samples without FIBTEM A5 measured (53 women)
* 42 laboratory samples without Fibrinogen measured (27 women)
J

N
478 women (574 samples) with a valid ROTEM® Delta FIBTEM A5 and Clauss
fibrinogen measurement during the course of postpartum hemorrhage

N
* 00 samples were taken below 800mL of blood loss (0 women)
¢ 147 samples were taken above 1500mL of blood (74 women)

404 women (427 samples) with a valid ROTEM® Delta FIBTEM A5 and Clauss
fibrinogen measurement between 800 and 1500mL of blood loss after birth

e 11 women used oral anticoagulants (12 samples)
* 01 woman with a known coagulation disorder (1 sample)
* 01 woman received fibrinogen prior to sampling (1 sample)

N

391 women (413 samples) with a valid ROTEM® Delta FIBTEM A5 and Clauss
fibrinogen measurement between 800 and 1500mL of blood loss after birth

iL [ e 22 repeated samples between 800 to 1500mL of blood loss ]

391 women (391 samples) with a valid ROTEM® Delta FIBTEM A5 and Clauss
fibrinogen measurement between 800 and 1500mL of blood loss after birth

Figure 1. Flowchart of study enrollment.
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Table 1. Baseline characteristics for women with postpartum hemorrhage and a valid

corresponding FIBTEM A5 and fibrinogen measurement between 800 and 1500mL of

blood loss following birth.

Severe postpartum

hemorrhage
Total No Yes
N=391 N=319 N=72

Maternal age, years* 32 (28-35) 32 (28-35) 32 (28-35)
Gestational age, weeks* 39 (38-40) 39 (38-40) 39 (37-40)
Body mass index, kg/m?* 24 (22-28) 24 (22-28) 25 (22-29)
Caucasian, n (%) 336 (86%) 276 (87%) 60 (83%)
Nulliparity, n (%) 201 (51%) 166 (52%) 35 (49%)
Multiple pregnancy, n (%) 34 (9%) 23 (1%) 11 (15%)
Pre-eclampsia, n (%) 32 (8%) 24 (8%) 8 (11%)
Mode of birth, n (%)
Vaginal birth 304 (78%) 246 (77%) 58 (81%)
Cesarean section 87 (22%) 73 (23%) 14 (19%)
Cause of hemorrhage, n (%)
Uterine atony 145 (37%) 120 (38%) 25 (35%)
Retained placenta or remnants of 148 (38%) 112 (35%) 36 (50%)
placental tissue
Placenta previa 5 (1%) 4 (1%) 1(1.5%)
Placental abruption 3 (1%) 3 (1%) 0 (0%)
Abnormally invasive placenta 5 (1%) 2 (1%) 3 (4%)
Laceration of the birth canal 42 (11%) 36 (11%) 6 (8%)
Iatrogenic surgical bleeding 39 (10%) 38 (12%) 1(1.5%)
Uterine rupture 4 (1%) 4 (1%) 0 (0%)
Blood loss at study entry, mL* 1100 1100 1100

(1000-1300) (1000-1300) (1000-1300)
Hb level at study entry, g/dL* 10.3(9.0-11.4) 10.5(9.4-11.4) 9.5(8.1-11.1)
Fibrinogen at study entry, g/L* 3.9 (3.4-4.6) 4.0 (3.4-4.7) 3.9 (2.8-4.4)
FIBTEM A5 at study entry, mm~* 17 (13-20) 17 (13-20) 16 (13-21)

*Reported as median with (interquartile ranges).
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Outcomes

Median (IQR) total blood loss was 1400mL (1100-2000), 66 (17%) women had a
total blood loss more than 2000mL and 13 (3%) women had 4 or more packed
red blood cells transfused. The number of women with the composite endpoint
defined as severe postpartum hemorrhage was 72 (18%). The distribution of
outcomes according to increasing fibrinogen concentrations and FIBTEM A5
values at study entry are presented in Table 2 (and visually displayed in Figure
S1). Maternal deaths did not occur among women included in this study.

Predictive value

Fibrinogen concentrations and FIBTEM A5 values were moderately correlated
(r.=0.53). The AUC for progression to severe postpartum hemorrhage was 0.58
(95% CI0.50-0.65) for fibrinogen and 0.53 (95% CI 0.46-0.61) for FIBTEM A5 when
measured between 800 and 1500mL of blood loss following childbirth (Figure 2).
Fibrinogen had an AUC for progression to total blood loss >2000mL of 0.55 (95%
CI 0.47-0.62), AUC for progression to >4 packed red blood cells of 0.63 (95% CI
0.44-0.81), and AUC for progression to any invasive intervention of 0.59 (95% CI
0.42-0.75). FIBTEM A5 had an AUC for progression to total blood loss >2000mL
of 0.50 (95% CI 0.42-0.58), AUC for progression to >4 packed red blood cells of
0.51 (95% CI 0.33-0.70), and AUC for progression to any invasive intervention of
0.53 (95% CI 0.38-0.68) (Figure S2-4). Positive predictive value for progression
to severe postpartum hemorrhage for a fibrinogen concentration <2g/L was 50%
(95% CI 25-75) and 22.5% (95% CI 14-33) for a FIBTEM A5 value <12mm when
measured between 800 and 1500mL of blood loss. Negative predictive values for
a fibrinogen concentration >2g/L and FIBTEM A5 value >12mm were 83% (95%
CI79-87) and 83% (95% CI 78-87), respectively.

Subgroup analysis

There were 306 women with postpartum hemorrhage and a valid corresponding
FIBTEM A5 and fibrinogen measurement between 1000 and 1500mL of blood loss
following childbirth. Median (IQR) total blood loss was 1500mL (1200-2000) and
61 women (20%) developed severe postpartum hemorrhage. AUCs for progression
to severe postpartum hemorrhage was 0.57 (95% CI 0.49-0.65) for fibrinogen and
0.55 (95% CI 0.47-0.64) for FIBTEM A5 (Figure S5), and were indistinguishable
from the AUCs for fibrinogen and FIBTEM A5 when measured between 800 and
1500mL of blood loss.
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Table 2. Distribution of outcomes categorized to fibrinogen concentrations and FIBTEM
A5 values measured between 800 and 1500mL of blood loss following birth.

Fibrinogen, g/L

Total <2 2.1-3.0
(N=391) (N=16) (N=49)
Total volume of blood loss, L* 1.4 (1.1-2.0) 2(1.8-2.6) 1.5 (1.2-2)
Severe postpartum hemorrhage, n (%) 72 (18%) 8 (50%) 11 (23%)
Women with blood loss >2000mL, n (%) 66 (17%) 7 (44%) 8 (16%)
Women receiving 24 packed cells, n (%) 13 (3%) 3 (19%) 2 (A%)
Women with invasive intervention, n (%) 19 (5%) 2 (13%) 6 (12%)

*Reported as median with (interquartile ranges).

Sensitivity
0.50 0.75 1.00

0.25

0.00

0.50
1-Specificity

= Fibrinogen FIBTEM A5 ————- Reference

Figure 2. ROC curves for fibrinogen (black) and fibrin-based thromboelastometry amplitude
of clot firmness at 5 min (FIBTEM A5) (gray) for progression to severe postpartum
hemorrhage when measured between 800 and 1500mL of blood loss following childbirth.
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FIBTEM A5, mm

3.1-4.0 >4 g/L <12 13-15 16-22 >23
(N=138) (N=178) (N=80) (N=74) (N=191) (N=46)
15(1.2-1.9) 1.3(11-1.7) 1.6(1.3-2.0) 1.5(1.2-1.9) 1.3(1.1-17) 1.5(1.2-2.0)
23 (17%) 28 (16%) 18 (23%) 16 (22%) 30 (16%) 8 (17%)

21 (15%) 28 (16%) 14 (18%) 14 (19%) 30 (16%) 8 (17%)

3 (2%) 5 (3%) 4 (5%) 1(1%) 6 (3%) 2 (4%)

3 (2%) 8 (5%) 5 (6%) 5 (7%) 6 (3%) 3 (%)
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DISCUSSION

This multicenter, prospective cohort study found that the point-of-care test
FIBTEM A5 correlates only moderately with the Clauss fibrinogen assay and
lacks the ability to single out women who develop severe postpartum hemorrhage
when routinely measured between 800 and 1500mL. Women with a fibrinogen
concentration =2g/L had a 50 percent risk to develop severe postpartum
hemorrhage, vs 23 percent of women with a FIBTEM A5 value <12mm.

Main strength was that we prospectively collected fibrinogen and FIBTEM A5
measurements in a large cohort, within a specific range of blood loss during
the onset of hemorrhage. By using postpartum hemorrhage-related core
outcome sets, our results may be used in systematic reviews and/or meta-
analyses regarding viscoelastometric point-of-care testing.?®?* Our median
(IQR) FIBTEM A5 value of 17mm (13-20) measured between 800 to 1500mL
of blood loss appeared lower than the median (IQR) FIBTEM A5 value of
21mm (18-23) measured in healthy laboring women.?? This is not surprising
given that fibrinogen, for which FIBTEM A5 is a surrogate measure, falls early
in the course of postpartum hemorrhage.® Generalizability is hampered by
challenges in having women provide consent and executing trial procedures
in acute situations where women had rapid blood loss, a problem previously
encountered.?*?* An examination of potential cases showed that women who
lost large volumes of blood in short time frames were more frequently not
included. Trial procedures were hampered in more serious bleedings leading
to 74 women with blood samples solely taken >1500mL and 80 with only
one valid FIBTEM A5 or Clauss fibrinogen measurement. This could have
resulted in underestimation of fibrinogen concentrations <2g/L or FIBTEM
A5 values <12mm, and fewer women with severe postpartum hemorrhage.
However, the proportion of women who had a fibrinogen concentration <2g/L
(4%) was similar to that in the United Kingdom and Denmark.'®?® Given that
we collected a limited number of variables, we were unable to present all
known risk factors associated with severe postpartum hemorrhage as baseline
characteristics. In addition, numbers of women with specific characteristics
predisposing to coagulopathy or severe postpartum hemorrhage were small,
restricting possible subgroup analyses to determine whether FIBTEM A5 might
be more predictive in some, e.g. women with a placental abruption (N=3).
Managing clinicians were intended to be blinded for the FIBTEM A5 results.
However, it appeared that clinicians from one of the participating hospitals
had been able to see FIBTEM A5 results. The finding that of the 19 women
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with a FIBTEM A5 value <12mm in this hospital, none received fibrinogen
concentrate suggests that little was done with this information. No noticeable
differences were found between hospitals regarding patient characteristics,
FIBTEM A5 values, fibrinogen concentrations, incidence and management of
postpartum hemorrhage.

Clinical utility of FIBTEM A5 as a predictor for progression of postpartum
hemorrhage has only been described once.’® Contrary to our results, this study
from the United Kingdom found that FIBTEM A5 could be used as a predictive
biomarker for progression to transfusion of >4 packed cells (AUC 0.78, 95% CI
0.69-0.88), need for invasive intervention (AUC 0.69, 95% CI 0.52-0.86), and
total blood loss >2500mL (AUC 0.75, 95% CI 0.66-0.85)."® However, this study
also included samples taken above 1500mL and women were not enrolled when
bleeding stopped simultaneously or soon after reaching the entry criteria.’® The
fact that we did include such women may explain the lower proportion of women
in our study with =4 packed cells (3% versus 9%) or any invasive intervention
(5% versus 11%).1®* However, these findings could also indicate differences in
management or transfusion policies. Nevertheless, the proportion of women with
fibrinogen concentrations <2g/L appeared to be the same in the United Kingdom
(4%, N=12/341).1 These combined findings suggest that FIBTEM A5 is not a good
predictor for progression of bleeding when routinely taken during the onset of
postpartum hemorrhage at a blood loss <1500mL.

The low number of women with fibrinogen concentration <2g/L reflects the
hypercoagulable state of pregnancy.?*??” Although low fibrinogen concentrations
are associated with severity of bleeding® 7 28, the likelihood of a fibrinogen
concentration <2g/L <1500mL is low.? 2 2? Our study population was relatively
low risk; only a small proportion of women had a fibrinogen concentration <2g/L
or FIBTEM A5 value <12mm. Hemostatic impairment is more likely to occur in
the presence of more severe persistent bleeding or risk factors for coagulopathy.
Furthermore, in our study many women stopped bleeding soon after 1000mL.
Therefore, the role of a single routine FIBTEM A5 measurement during onset
of hemorrhage <1500mL appears limited, and may explain the poor predictive
value of FIBTEM A5 for progression to severe postpartum hemorrhage. However,
multiple consecutive measurements during an ongoing bleeding might still
detect a downfall in FIBTEM A5 values indicating fibrinogen deficiency and could
identify women who may benefit from targeted fibrinogen replacement therapy.
Additionally, FIBTEM A5 might be useful in specific causes of ongoing bleeding
more likely to involve coagulopathy, such as trauma-related hemorrhage.
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Whether correction of fibrinogen based on FIBTEM A5 improves maternal
outcome is still being investigated. The OBS2 trial showed that infusion of
fibrinogen concentrate in women with FIBTEM A5 value <15mm and a bleeding
exceeding 1500mL did not improve outcome.?* Subgroup analyses showed that
FIBTEM A5 values >12mm or fibrinogen concentrations >2g/L are sufficient to
maintain hemostasis.?? Another study from the United Kingdom compared a
fixed-ratio transfusion protocol with targeted fibrinogen replacement therapy on
the basis of FIBTEM A5 results and obstetric hemorrhage >1500mL.*° A significant
reduction in total use of allogeneic blood products was found when fibrinogen
concentrate was infused based on FIBTEM A5 values <7mm, or values <12mm
with ongoing bleeding.*¢

This is important considering that guidelines on postpartum bleeding are
recommending the use of fixed-ratio protocols. The observational counterpart of
the OBS2 found no significant hemostatic impairment when fresh frozen plasma
was withheld in FIBTEM A5 values >15mm.*" Therefore, FIBTEM A5 seems to
have potential to avoid unnecessary transfusion of blood products. However, our
study found a moderate correlation between FIBTEM A5 values and fibrinogen
concentrations. The same moderate correlation (r,.=0.59) was found between both
test results in the study from the United Kingdom that evaluated FIBTEM A5
as a predictive biomarker.’® Only one small observational study found a strong
correlation (r,=0.86) between FIBTEM A5 values and fibrinogen concentrations,
but volume of blood loss at time of blood sampling was not described, an important
omission considering that an increase in correlation between FIBTEM A5 values
and fibrinogen concentrations in higher volumes of blood loss was previously
found.’ This raises the question whether FIBTEM A5 is accurate enough in
guiding or withholding hemostatic interventions during the whole course of
postpartum hemorrhage. This requires further study and calls for the need of
more accurate point-of-care tests to quantify plasma fibrinogen concentrations.*?

Our results show that the clinical utility of FIBTEM in postpartum bleedings below
1500mL is limited and should encourage researchers and clinical caregivers to
reserve the use of FIBTEM A5 to more severe bleedings, especially considering
the high costs associated with ROTEM® tests. FIBTEM A5 might still be useful
in a selected population of women at high risk of coagulopathy or with ongoing
bleeding reaching a certain, yet undefined but presumably >1500mL, volume of
blood loss. Further research in these situations is needed as to whether FIBTEM
A5 is able to detect development of fibrinogen deficiency in order to identify
women at risk of progression to severe postpartum hemorrhage and who may
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benefit from targeted fibrinogen replacement. As stated by the RCOG and National
Institute of Health and Care Excellence, the role of viscoelastometric point-of-care
testing during postpartum hemorrhage requires evaluation before FIBTEM A5
may be implemented into guidelines.'”**
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CONCLUSION

Our study results suggest that FIBTEM A5 is not a good predictor for progression
of bleeding when routinely measured as part of standard clinical care during
the onset of postpartum hemorrhage. Nevertheless, FIBTEM A5 might still be
a promising point-of-care test with clinical advantages in women with ongoing
hemorrhage exceeding 1500mL of blood loss, especially considering the potential
to provide rapid results at which blood products can be withheld. However,
given the moderate correlation between FIBTEM A5 values and fibrinogen
concentrations, and the costs that come with running and interpreting ROTEM®
tests, more clinical and cost effectiveness research is needed before FIBTEM
A5 may be implemented into guidelines on prevention and management of
postpartum hemorrhage.
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Figure S1. Visual display of the distribution of the outcomes categorized to fibrinogen
concentrations and fibrin-based thromboelastometry amplitude of clot firmness at 5 min
(FIBTEM A5) values measured between 800 and 1500mL of blood loss following childbirth.
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Table S1. Fibrinogen concentrations and FIBTEM A5 values for each cause of hemorrhage

separately when measured between 800 and 1500mL of blood loss following childbirth.

Cause of hemorrhage N Fibrinogen, FIBTEM A5,
g/L* mm*
Uterine atony 145 4.1(3.4-4.7) 18 (14-20)
Retained placenta or remnants of placental tissue 148 3.8 (3.3-4.4) 16 (12-21)
Placenta previa 4.4 (3.7-5.8) 21 (14-21)
Placental abruption 2.5 (1.7-3.7) 13 (8-16)
Abnormally invasive placenta 3.5(3.1-4.0) 15 (13-17)
Laceration of the birth canal 42 4.1(3.5-4.6) 18 (15-20)
Iatrogenic surgical bleeding 39 4.1(3.5-4.7) 15 (13-18)
Uterine rupture 4 4.6 (4.1-5.4) 15 (10-23)

*Reported as median with (interquartile ranges).
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Figure S2. ROC curves for fibrinogen (black) and fibrin-based thromboelastometry
amplitude of clot firmness at 5 min (FIBTEM A5) (gray) for progression to a total blood loss
>2000mL when measured between 800 and 1500mL of blood loss following childbirth.
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Figure S3. ROC curves for fibrinogen (black) and fibrin-based thromboelastometry
amplitude of clot firmness at 5 min (FIBTEM A5) (gray) for the progression to a transfusion
of 24 packed cells when measured between 800 and 1500mL of blood loss following
childbirth.
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Figure S4. ROC curves for fibrinogen (black) and fibrin-based thromboelastometry
amplitude of clot firmness at 5 min (FIBTEM A5) (gray) for progression to any invasive
intervention when measured between 800 and 1500mL of blood loss following childbirth.
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Figure S5. ROC curves for fibrinogen (black) and fibrin-based thromboelastometry
amplitude of clot firmness at 5 min (FIBTEM A5) (gray) for progression to severe postpartum
hemorrhage when measured between 1000 and 1500mL of blood loss following birth.
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