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Abstract

Objectives: To assess temporal trends in incidence and underlying cause of
maternal deaths from obstetric hemorrhage in France and to describe clinical care
before and after implementation of the first national guidelines published in 2004
and updated in 2014.

Methods: Data from all hemorrhage-related maternal deaths between 2001-2015
were extracted from the French Confidential Enquiry into Maternal Deaths. We
compared the maternal mortality ratio (MMR), cause of obstetric hemorrhage and
death preventability by triennium. Critical care, transfusion and obstetric
management among women who died were described for 2001-2003
and 2013-2015.

Results: The MMR from obstetric hemorrhage significantly decreased over time
from 2.3/100,000 livebirths (54/2,391,551) in 2001-2003 to 0.8/100,000 livebirths
(19/2,412,720) in 2013-2015. In 2001-2003, uterine atony accounted for 50% (27/54)
of maternal deaths versus 21% (4/19) in 2013-2015. As compared to 2001-2003, an
increased proportion of women had hemodynamic continuous monitoring in
2013-2015 (30%, 9/30 versus 47%, 8/18), and received vasopressor infusion therapy
(57% 17/30 versus 72% 13/18) and a smaller proportion was extubated during
active hemorrhage (17%, 5/30 versus 0/18). Transfusion therapy was initiated more
frequently and earlier in 2013-2015 (71 versus 58 minutes). In 2013-2015, 88% of
maternal deaths due to hemorrhage remained preventable. Main identified
improvable care factors were related to delays in diagnosis and surgical
management, particularly after caesarean delivery.

Conclusion: Maternal mortality by obstetric hemorrhage decreased dramatically in
France between 2001 and 2015, particularly mortality due to uterine atony. Among
women who died, we detected fewer instances of substandard transfusion
management or critical care. Nevertheless, opportunities for improvement were
observed in most of the recent cases.
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Introduction

Maternal mortality (MM), although rare in high-income countries, remains a key
indicator of maternal health in those settings. Obstetric hemorrhage is one of the
leading causes of MM, and is considered as a specific marker of the quality of
obstetric care.(1) In depth analysis of maternal deaths through permanent
confidential enquiries has proven to be an efficient method to identify improvable
care factors related to both organizational and clinical components of care.(2)

In France, maternal mortality has been explored since 1995 through a permanent
confidential enquiry into maternal deaths (ENCMM).(3) The first publications of this
enquiry reported obstetric hemorrhage as the primary cause of MM, with a
maternal mortality ratio (MMR) due to obstetric hemorrhage twice that of
neighboring high-income countries. (4,5)

These findings led to a broad commitment of stakeholders to develop and
implement national multidisciplinary guidelines to prevent and treat postpartum
hemorrhage, and to reduce variation in local care policies. Therefore, the French
College of Gynecologists and Obstetricians (CNGOF) and the French Society
of Anesthesia and Critical Care (SFAR) published the first national guidelines in
2004,(6) updated in 2014.(7) These national multidisciplinary recommendations
addressed obstetric, anesthetic and critical care management, including
transfusion (Table 1). They were widely disseminated in France, notably through
numerous presentations at national and regional congresses. They have also been
widely implemented at regional and local levels into care protocols, as well as by
perinatal networks. Finally, these recommendations have been used in simulation
training sessions for clinicians. Five process quality indicators (COMPAQ-HPST) were
defined by the French National Authority for Health (HAS) in 2012 for the
prevention and early management of obstetric hemorrhage and implemented in
maternity units (supplemental Table S1).(8)

It is important not only for France, but also for other countries, to know whether
this general mobilization around the quality of obstetric hemorrhage management
has translated into any improvement in mortality on a national scale.
(Supplemental Figure S1).(9) Therefore, we aimed to assess temporal trends in
incidence and underlying causes of maternal deaths from obstetric hemorrhage
between 2001 and 2015 in France and to describe their clinical care before and
after implementation of the first national guidelines.
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Table 1. French CNGOF-SFAR guidelines on prevention and management of obstetric hemorrhage:

main content

2004 guidelines

2014 guidelines updates

Definition of
postpartum
hemorrhage

Definition of severe
postpartum
hemorrhage

Prevention hemorrhage

Hemorragic risk
assessment

Prophylactic uterotonic
Manual removal of the
placenta in the absence
of abnormal bleeding

Blood loss = 500 mL after birth
regardless route of delivery

Severe PPH: Not defined

PPH risk factors are not globally
predictive.

In women at risk for PPH,
multidisciplinary discussion of the
site of birth is necessary and must
take into account the nature of the
risk and the speed of access to
blood products

If prenatal anaemia: iron
supplementation

Oxytocin 5-10 Ul

slow IV infusion (over 1 minute for
women without cardiovascular and
over 5 minutes for women with
cardiovascular risk factors) or IM
just after birth

between 30 and 60 min after birth

Initial management of hemorrhage

Quantification of blood
loss

First line uterotonic
Assessment of the
genital tract

Manual uterine
exploration

Second line uterotonics

Sulprostone

Other second-line
uterotonics?!

Not mentioned

Oxytocin 5-10UI IV or IM
Within 30 min after obstetric
hemorrhage diagnosis

Within 30 min after obstetric
hemorrhage diagnosis

Sulprostone maximum 500 ug in
500ml/h.

Timing: within 30 min of PPH
diagnosis, should oxytocin be
ineffective

Association of sulprostone with
other second-line uterotonic not
recommended

No change

Severe PPH defined by a blood
loss = 1000 mL, regardless of the
route of delivery

No change
No change

No change
No change

Collector bag recommended once
PPH diagnosed (optional before)

No change
No change

No change

No change

No change



Table 1. (continued)

Trends in maternal mortality from obstetric hemorrhage in France

2004 guidelines

2014 guidelines updates

Nonpharmacological management

Uterine tamponade

Embolization

Conservative surgery?

Hysterectomy

Not mentioned

Cesarean: preference to proceed
immediately to conservative
surgical management after failure
of second line uterotonics
Vaginal birth: option in
hemodynamically stable patients
after failure of second line
uterotonics.

Cesarean: Recommended in case of
failure of second line uterotonics
Vaginal birth: recommended after
failure of second line uterotonics in
case of hemodynamically unstable
patients

No type of compression suture or
vascular ligation suture is
recommended over another.

Surgical approach: subtotal
hysterectomy

Timing: In case of failure of
compression sutures/vascular
ligation or embolization

Resuscitation and transfusion management

Coagulation screening

Fluid replacement
therapy

Red blood cells

Regularly after failure of initial
management of PPH, bedside
haemoglobin testing optional.

Crystalloids and then colloids in
case of severe obstetric
hemorrhage

Timing: start in case of obstetric
hemorrhage

Start transfusion to maintain a
hemoglobin between 7 and 10 g/dL
if bleeding persists.

Use left to the clinician’s choice.
Timing: after failure of second
line uterotonic and before
surgical or radiological
embolization

No change

No change

Surgical approach depending on
surgeon’s preference
No change in timing

No change

Crystalloids. Colloids can be given
in case of severe obstetric
hemorrhage

Timing: start after 500 mL of blood
loss

Maintain a haemoglobin level >
8g/dL

Timing: initiate based on clinical
signs of hemorrhage severity
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Table 1. (continued)

2004 guidelines

2014 guidelines updates

Fresh frozen plasma

Platelets

rFVila

Fibrinogen concentrate

Tranexamic acid

Organization of care

Call for help
Documentation

Inter hospital transfer

Leadership

Multidisciplinary
training

In case of coagulopathy associated
to persistent bleeding FFP (10 a
15mL/kg) can be used.

Cesarean birth: supplement if
platelets <50 x 10%/L

Vaginal birth: supplement if
platelets <30 x 10%/L

Not mentioned

Not mentioned

Not mentioned

At the diagnosis of obstetric
hemorrhage
Not mentioned

Recommended if patient
hemodynamically stable

Senior anaesthesiologist in the
lead of resuscitation management.
Senior obstetrician in the lead of
obstetric management

Not mentioned

Depending on the severity of the
hemorrhage or coagulopathy

Maintain above 50 x 107/!
regardless mode of birth

Only for uncontrolled
haemorrhage after failure of
conventional treatment and after
having attempted to correct
platelet levels and other
haemostasis indicators

Maintain fibrinogenemia > 2.0 g/
L. In ongoing bleeding with >
2000 mL and in the absence of
laboratory results, a dose of 2 gr
Fibrinogen can be given.

Left to the clinicians ‘choice

1 gram IV, could be repeated 30
min later in case of persistent
bleeding

At the diagnosis of obstetric
hemorrhage

The management and
monitoringsteps for obstetric
hemorrhage must be recorded on
a special monitoring form

No change

No change

Each department is responsible
for training all professionals
likely to deal with patients with
PPH to manage this situation
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Methods

In this study, the Strengthening The Reporting of Observational studies in
Epidemiology (STROBE) statement was followed.(10)

Study population

We conducted a retrospective study of all maternal deaths due to obstetric
hemorrhage in France between 2001 and 2015 identified through the French
Confidential Enquiry into Maternal Deaths (Enquéte Nationale Confidentielle sur les
Morts Maternelles, ENCMM). Ethical approval for the ENCMM was granted by the
French Commission on Information Technology and Liberties (CNIL) on June 26,
2018, DR-2018-157 and informed consent was waived. Collected data are fully
anonymized with no identifying features of individual patients or healthcare
providers. We analyzed maternal deaths from all France, including overseas
departments (Réunion, Guadeloupe, Martinique and French Guyane) except those
in Mayotte, as this territory was not part of France over the complete study period.
The ENCMM has been set up in 1996 under the authority of the national Public
Health Agency (Santé Publique France) and the national institute for health
research (Institut National de la Santé et de la Recherche Médicale) to identify and
document all maternal deaths in France.(3,11) In the ENCMM, deaths of women
while pregnant or within 1 year after the end of pregnancy, regardless of the cause
of death, defined as pregnancy-associated deaths, are identified through four
sources: 1) spontaneous notifications by clinicians; 2) death certificates with any
cause of death coded in the pregnancy chapter of the International Classification of
Diseases, 10th revision (ICD-10), or any mention of pregnancy or puerperium in the
text, or when the pregnancy checkbox was ticked; 3) computer-based national
linkage of the death register with the birth register; and 4) the national hospital
discharge database. This method has been described in detail elsewhere.(3):(12)
For each identified pregnancy-associated death, a team of two assessors (an
obstetrician or midwife and anesthetist) conducts a confidential enquiry, using a
standardized questionnaire to collect relevant information about the case via on-
site interviews and manual review of medical records and autopsy reports. The
team of assessors is recruited on a voluntary basis after validation by professional
bodies and members of the expert committee. When a confidential enquiry is not
possible, information from the death certificate and hospital discharge summary is
analyzed. Each death is then anonymously reviewed in a plenary session by the
national expert committee of the ENCMM which aims to agree unanimously on
1) the underlying cause of death; 2) whether it was a maternal death, defined as the
death of a woman during pregnancy or within 1 year of its end regardless of the
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duration and site of the pregnancy, from any cause related to or aggravated by the
pregnancy or its management (but not accidental or incidental);(11) and 3) the
quality of care (optimal or non-optimal) and maternal death preventability
(probably or possibly preventable, not preventable, undetermined) referring to any
event in management, organization or patient behavior that might have prevented
fatal outcome. Among probably or possibly preventable maternal deaths,
contributing factors may be related to (a) care provided, (b) organization of care
and (c) patient and health care system interaction (in non-exclusive categories).
The committee’s assessment is collected using a standardized form for each death.
The main characteristics of the woman, her pregnancy and care pathway, as well as
the conclusions of the expert committee are entered in an electronic
permanent database.

Overall, the maternal death enquiry process remained essentially the same during
the study period. The main changes include: 1) the introduction of the computer-
based national linkage of the death register with the birth register in 2007 to
improve maternal death identification; this improvement mostly concerned late
maternal deaths and maternal deaths from indirect causes, and very few maternal
deaths from obstetric hemorrhage; and 2) improvement in cooperation and trust
from local clinical teams yielded a greater proportion of deaths for which detailed
information was collected to support a reliable confidential enquiry.

For this study, we identified all maternal deaths from obstetric hemorrhage (based
on the underlying cause of death selected by the national expert committee) from
2001-2015 (most recent available year of complete data when this analysis
was conducted).

Studied variables

We collected the following maternal, pregnancy and delivery characteristics from
the ENCMM database: maternal age, country of birth, body mass index (BMI), parity,
prior obstetric hemorrhage, prior uterine scar, multiple pregnancy, term of delivery,
labor induction, mode of delivery, and the number of annual births in the
maternity unit of delivery. Conditions causing obstetric hemorrhage were also
collected (uterine atony, abnormal placentation, placenta abruption, uterine
rupture, genital tract trauma, cesarean surgical trauma, other/undetermined).
Characteristics of obstetrical, and critical and care and transfusion management
were also collected: use of prophylactic uterotonics, initial management of
obstetric hemorrhage (additional intravenous access, volume replacement, manual
placenta removal or manual exploration of the uterus, anesthetist and obstetrician
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called at the time of the diagnosis), use of second-line uterotonics (administration
of sulprostone and timing between diagnosis and sulprostone), radiological and
surgical procedures (third line interventions such as arterial embolization, uterine
compressive sutures, pelvic artery ligation, and the timing between obstetric
hemorrhage diagnosis and any of these procedures, hysterectomy, and the timing
between diagnosis and hysterectomy), monitoring of the women (central venous
access, invasive arterial blood pressure, blood test performed, and timing between
diagnosis of obstetric hemorrhage and first blood test), major aspects of
resuscitation and anesthesia (use of vasopressors infusion after the onset of
hemorrhage onset, inappropriate tracheal extubating while active hemorrhage,
cardiac arrest at the induction of general anesthesia), blood transfusion (no blood
transfusion, transfusion of =10 red blood cells (RBC), total number of RBC, timing
between diagnosis of obstetric hemorrhage and first RBC transfused, fresh frozen
plasma (FFP) transfusion, total number of FFP transfused, platelet transfusion), and
use of procoagulant agents (fibrinogen concentrate, tranexamic acid, recombinant
factor seven activated (rFVila)). The timing between diagnosis of obstetric
hemorrhage and maternal death was also extracted.

Statistical analysis

MMR was calculated as the number of maternal deaths per 100,000 live births,
overall and from obstetric hemorrhage, for each triennium between 2001 and 2015.
We described the distribution of the underlying cause of obstetric hemorrhage and
preventability of maternal deaths from obstetric hemorrhage for each triennium.

As we aimed to evaluate the trends since the publication of the French national
guidelines on obstetric hemorrhage in 2004, we described women’s characteristics
(analyzed as the proportion of women in high risk subgroups), obstetrical and
critical care and transfusion management, for the women who died before
(2001-2003) and those who died after guideline implementation (2013-2015, most
recent data available); this second part of the analysis was done among the women
for whom a confidential enquiry was conducted and provided those detailed data.

Qualitative data were expressed as number (percentage) and quantitative variables
as median (range). Because we studied the entire population of interest rather than
a sample, inferential statistical methods such as hypothesis tests were not used.
Statistical analyses were performed using Excel and Stata® v16 software.
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Results

During the 15-year study period, MMR from obstetric hemorrhage significantly
decreased from 2.3/100,000 livebirths (54/2,391,551) in 2001-2003 to 0.8/100,000
livebirths (19/2 412 720) in 2013-2015 (Table 2).

Table 2. Maternal mortality due to obstetric hemorrhage by 3-year periods in France: ratios (MMR)!
and distribution of causal conditions

2001-2003 2004-2006 2007-2009 2010-2012 2013-2015

Maternal deaths from all causes

Live births 2391551 2468315 2472650 2477240 2412720
All maternal deaths up to 42 235 203 234 225 186
days

MMR (/100 000 live births) 9.8 8.3 9.5 9.1 7.7

Maternal mortality due to obstetric hemorrhage?

n 54 44 39 29 19
MMR (/100 000 live - s L L o
births) ’ ' ’ ' ’
% of maternal death

% of maternal deaths 2.1 217 16.2 12.9 9.7

up to 42 days®

Maternal mortality due to obstetric hemorrhage by uterine atony

n 27 32 21 12 4
LIS L1 13 0.8 0.5 0.2
births)

0

OGELHELSTIE] 115 15.8 9.0 5.3 22

deaths up to 42 days

Underlying conditions causing obstetric hemorrhage in maternal deaths n (%)

All n=54 n=44 n=39 n=29 n=19
Uterine atony 27 (50) 32 (73) 21 (54) 12 (41) 4(21)
Abnormal placentation* 4(7) 4(9) 9 (23) 2(7) 4(21)
Placental abruption 4(7) 2 (5) 3(8) 1(3) 3(16)
Uterine rupture 11 (20) 2 (5) 3(8) 6(21) 2 (11)
Genital tract trauma 2 (4) 2 (5) 1(3) 0 0

Surgical injury during
caesarean section

Others/ Undetermined 5(9) 2 (5) 0.0 2(7) 2 (11)
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Table 2. (continued)

2001-2003 2004-2006 2007-2009 2010-2012 2013-2015

Preventability of maternal deaths n (%)

Preventability

. 30 (55 27 (61 26 (70 23 (79 18 (95
assessment possible = (61) (i) (79) =
Preventability of

hemorrhage related 97 89 89 100 88 0.5

maternal deaths (%)
(probably or possibly)

IMMR=maternal mortality ratio

2 Including 4 women for whom hemorrhage occurred in the immediate postpartum but who died >42
d after birth due to long stay in intensive care unit (n = 2 in 2001-2003, n = 1 in 2007-2009, n = 1 in
2013-2015). Those 4 deaths were not included in the calculation of the “% of all maternal deaths up
to42d.”

3Not including the 4 women who died >42 d after birth: n = 2 in 2001-2003, n = 1 in 2007-2009, n = 1
in 2013-2015.

“Placenta accreta spectrum (2001-2003: n = 4, 2004-2006: n = 4, 2007-2009: n = 7, 2010-2012: n = 2,
2013-2015: n = 2) and placenta previa (2001-2003: n = 0, 2004-2006: n = 0, 2007-2009: n = 2, 2010-
2012: n=0,2013-2015:n=2

The proportion of uterine atony as primary underlying cause of obstetric
hemorrhage decreased from 50% (27/54) in 2001-2003 to 21% (4/19) in 2013-2015,
while the proportion of surgical lesion in the context of cesarean delivery increased
from 2% (1/54) to 21% (4/19). Preventability of hemorrhage-related deaths
remained high during the whole study period (97% in 2001-2003 and 88%
in 2013-2015).

The characteristics of the women who died are presented for 2001-2003 and
2013-2015 in supplemental Table S2. Confidential enquiry was not available for 24
women in 2001-2003 and for 1 woman in 2013-2015. As compared to the 2001-2003
period, women in the most recent time period were more often older than 35 years
(61% (11/18) versus 43% (13/30)), obese (33% (6/18) versus 14% (4/30)) and with
prior uterine scar (55% (10/18) versus 27% (8/30)). More than two thirds of the
women who died had a caesarean delivery in both time periods.

The proportion of women who died within the first 12 hours after obstetric
hemorrhage diagnosis decreased from 63% to 39% between the two time periods.
Nonetheless, 66% (8/12) and 75% (3/4) of maternal deaths from obstetric
hemorrhage due to uterine atony occurred within 12 hours after the diagnosis in
2001-2003 and 2013-2015, respectively (Table 3).
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Table 3. Critical care and transfusion management in maternal deaths from obstetric hemorrhage in
France, 2001-2003 and 2013-2015

2001-2003 2013-2015
N=30 N=18
n (%) n (%)
Monitoring
Central venous access 16 (53) 10 (59) «
Invasive arterial blood pressure 9 (30) 8 (47) »
Blood test performed 27 (90) 16 (94) «

Time between obstetric hemorrhage diagnosis
and first blood test 25 (0-270) 30 (5-240) »
- minutes (median (min-max))

Resuscitation

Vasopressors! 17 (57) 13 (72)
Tracheal extubation while active hemorrhage 5(17) 0
Cardiac arrest at the induction of general
facarr induction ot g 3(10) 1(6)-

anaesthesia
Transfusion
No blood transfusion 2(7) 1(6)e
Transfusion of = 10 RBC 12 (40)s 10 (59) «
Total number of RBC transfused (median (min- 9 (2-64)- 14 (2-41) -
max))
Time between hemorrhage diagnosis and first

. . . . 71 (0-135) 48 (5-390) «
RBC transfusion in minutes (median (min-max))
FFP transfusion 23 (77) 15 (88) «
Total number of FFP transfused (median (min-

8(2-67)e 14 (2-46) «

max))
Platelets Transfusion 12 (40) 14 (82) «
Pro-coagulant agents
Fibrinogen concentrate 13 (43) 14 (82) «
Tranexamic acid 0 8 (47) »

rFVila 0 7(41)
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Table 3. (continued)

2001-2003 2013-2015
N=30 N=18
n (%) n (%)
Delay between obstetric hemorrhage
diagnosis and maternal death
Time between hemorrhage diagnosis and
maternal death-minutes- (median (min-max))
Overall group of women 360 (1h-150 days) 1920 (2h40-265 days)
Women with obstetric hemorrhage due
. g 351 (2h20-6 days) 501 (6h-17 days)
uterine atony
Death < 12h from hemorrhage diagnosis n (%)
All women 19 (63) 7(39)
Women with obstetric hemorrhage due to
8 (66) 3(75)

uterine atony

lexcepting vasopressors for cardiac arrest

+1 missing datum

Abbreviations: RBC: red blood cells; FFP: fresh frozen plasma; max, maximum; min, minimum; rFVII1,
recombinant factor 7 activate

No difference was observed in prophylactic and initial obstetric hemorrhage
management between the two time periods (supplemental Table S3).

Around 30% of women died without a hysterectomy in both time periods (Table 4).
All the six women who died without hysterectomy in 2013-2015 gave birth by
emergency cesarean delivery. In three of these six women the obstetrician did not
have the surgical skills to perform hemostatic surgery, resulting in a time delay
while waiting for a more experienced surgeon. ln the three other women, for two of
them hysterectomy was not performed as diagnosis of hemorrhage came too late
(patient already in cardiac arrest before relaparotomy), and for one woman,
surgeons first aimed to perform conservative surgery, and she died during
this procedure.
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Table 4. Obstetric management in maternal deaths from obstetric hemorrhage in France, 2001-2003

and 2013-2015

Abbreviations: min, minimum; max, maximum; OH, obstetric hemorrhage

All causes All causes Atony Atony
2001-2003 2013-2015 2001-2003 2013-2015
N=30 N=18 N=12 N=4
Second line uterotonics
Sulprostone administration n
P 16 (53) 9 (50) 8 (67) 4 (100)
(%)
Time OH-diagnosis and
! fagnosts 6 (20) 5(28) 4(33) 3(75)
sulprostone <30min n (%)
Time OH-diagnosis and
sulprostone - minutes (median 34 (0-110) 15 (0-375) 38 (0-105) 9 (0-35)
(min-max))
Radiological and surgical procedures
Any third line procedure n (%) 8 (27) 6 (33) 4(33) 2 (50)
arterial embolization 6 2 2 2
Uterine compressive sutures 1 2 0 2
Pelvic artery ligation 6 3 2 2
Time OH-diagnosis and third-
line procedure - minutes 50 (5-210) 60 (44-320) 50 (5-260) 265 (44-320)
(median (min-max))
Hysterectomy n (%) 21 (70) 12 (67) 9 (75) 4(100)
Preceded by third line
. . 7 3 4 2
intervention
Followed by selective artery
3 1 0 0

embolization

Delay OH-diagnosis and
hysterectomy (median (min-
max))

Hysterectomy alone

After conservative third line
procedure

126 (37 - 935)

123 (37-395)

145 (90-360)

240 (85-840)

260 (110-840)

120 (85-365)

210 (70-570)

145 (70-376)

345 (210-570)

180 (85-365)

180 (180-180)

225 (85-365)

For the subgroup of women with obstetric hemorrhage due to uterine atony,
second-line uterotonics were used more frequently in the most recent triennium
and median delay before their administration decreased from 38 minutes in
2001-2003 to 9 minutes in 2013-2015.
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In the 2013-2015 triennium, critical care interventions and transfusion therapy were
applied earlier and more frequently (Table 3). Hemodynamic continuous
monitoring with invasive arterial blood pressure increased from 30% (9/30) to 47%
(8/18) and the use of vasopressors after the onset of hemorrhage (excluding those
used to manage cardiac arrest) increased from 17/30 (57%) to 12/18 (70%). While in
2001-2003, five of 30 (17%) obstetric hemorrhage-related maternal deaths were
extubated during active hemorrhage, this did not happen in 2013-2015.
The proportions of women transfused with red blood cells (RBC), fresh frozen
plasma (FFP) and platelets increased with time and delay before the start of
transfusion was reduced by one third between the two time periods. During the
course of obstetric hemorrhage, the FFP:RBC ratio remained greater than 0.6 in the
most recent time period (Figure 1). The use of fibrinogen concentrate doubled
(from 13/30 women (43%) in 2001-2003 to 14/18 women (82%) in 2013-2015).
Tranexamic acid and rFVila, that were never used during the first study period,
were administered in 47% and 41% of women respectively in 2013-2015. Point of
care hemostatic testing was unavailable for use at either time point at any of the
hospitals where maternal deaths occurred during the 2 time periods.

The most common preventability factors found in 2001-2003 and in 2013-2015 are
summarized in supplemental Table S4.

Discussion

Over 15 years, maternal mortality from obstetric hemorrhage in France has
decreased by two thirds. Over time, fewer women died from uterine atony while
the contribution of maternal deaths from surgical injury in the context of cesarean
birth increased. Concomitantly, critical care and transfusion management, as well
as obstetric management for uterine atony, improved among the women who died
from hemorrhage. Nonetheless, most maternal deaths from obstetric hemorrhage
across the entire study period including the most recent triennium were deemed
preventable, warranting further evaluation of diagnosis, surgical and resuscitation
management strategies.

Strengths of our study are the detailed data obtained through the ENCMM system,
allowing us to reliably determine the cause of death, and to describe management
strategies before and since the implementation of the national guidelines. We were
able to explore timing, chronology of diagnosis and interventions in the course of
obstetric hemorrhage, all being important determinants of obstetric hemorrhage-
related severe maternal outcomes.(13) Thanks to the national population-based
design, selection bias was absent, guaranteeing representativeness of our results.
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This study had also some limitations. The number of women included remained
small, inherent to the rarity of the maternal death event; studies on women with
obstetric hemorrhage-related severe maternal morbidity would usefully
complement our analysis, but such detailed clinical data are unavailable at a
national level. Some maternal deaths occurring in 2001-2003 could not be analyzed
due to insufficient available clinical data; we cannot make assumptions on the
quality of care in those cases and how they would modify our findings. French
guidelines on obstetric hemorrhage management were marginally updated in 2014,
in particular regarding transfusion management (Table 1),(7) and some women in
the 2013-2015 period were included before this update. However, we consider the
implementation of guidelines as a continuous process of practice improvement,
and we aimed to compare the period before the publication of the first guidelines
with the period of the most recent data available, corresponding to 2013-2015.
Finally, temporal changes in management observed in maternal deaths may not be
extrapolated to all cases of obstetric hemorrhage as deaths are, by definition,
extreme events with cumulative management failure. Nevertheless, management of
these deceased women improved over time.

The 65% decrease in MMR due to obstetric hemorrhage we observed provides
further evidence of important improvements in management strategies over time in
France. Unlike obstetric management, critical care and transfusion management
are independent from the underlying cause of hemorrhage and therefore reliable
markers to evaluate to which extent guidelines have changed practices. Over the
last ten years, transfusion management among trauma and surgical patients has
fundamentally evolved, with earlier balanced RBC transfusion, FFP and platelets
and increased use of fibrinogen concentrate and tranexamic acid. Moreover,
massive transfusion protocols were implemented as a standard of care.(14-16) In
France, anesthetists are the physicians mainly in charge of critical care
management for women with hemorrhagic shock from obstetric hemorrhage, as for
surgical and trauma patients. This explains why guidelines on transfusion
management in women with obstetric hemorrhage were based on those used in
surgical and trauma patients and probably why these changes have been rapidly
translated into obstetric hemorrhage management.(6,7) We reported improvements
in hemodynamic continuous monitoring with more frequent use of invasive
monitoring of the women with active bleeding. Indeed, besides providing
continuous accurate blood pressure monitoring, an arterial line facilitates access
for repetitive blood sampling. Short length central venous access provides secure
venous access for vasopressor infusion and for massive transfusion in patients with
hemorrhagic shock.(5,17)
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Point of care viscoelastic testing was unavailable in maternity units where these
maternal deaths occurred. Expanding access to point-of-care might have a positive
impact in the future on transfusion management as suggested by an observational
study(18), but this remains to be confirmed by adequately powered randomized
controlled trials.

General practice in obstetrics improved in France during the study period, with
standardization of human resources(19), development of quality indicators by the
French National Authority for Health for maternity units’ certification, and
improvement in overall obstetrics care content and organization. These
advancements in general practice might have contributed to the improved
management of women with obstetric hemorrhage during the study period. Despite
these positive trends, the MMR from obstetric hemorrhage in France remains higher
as compared to some neighboring countries, as reported in a recent paper
comparing MMR in European countries with enhanced systems for MM surveillance.
(20) As compared to guidelines from neighboring countries, French guidelines do
not recommend as second-line uterotonic drugs the association of ergot alkaloids
with sulprostone; they recommend that uterine tamponade use, as well as
tranexamic acid administration, to be left to the clinician’s choice as they were
published before evidence for these 2 interventions become available; finally, while
most guidelines specify the presence of a senior obstetrician in case of arterial
ligation, in particular in case of internal iliac artery ligation, this is not the case in
the French guidelines.(21)

The proportion of preventable deaths in France remained very high in the most
recent period (88%), stressing further improvement of maternity care in women
with obstetric hemorrhage is necessary. The profile of maternal deaths from
obstetric hemorrhage we report for the last period suggests that future research
should focus on some subgroups, such as women suffering from surgical lesion in
the context of cesarean delivery, which now appears as one of the main underlying
causes of fatal cases in France.

The burden of obstetric hemorrhage due to surgical complications of cesarean with
hemoperitoneum we observed in this study has also been reported by the UK and
the Netherlands.(22,23) Recognition of obstetric hemorrhage after cesarean
delivery with postoperative hemoperitoneum can indeed be challenging.(24,25)
Specific guidance seems needed to optimize the monitoring of parturients at the
recovery ward after caesarean. Bedside abdominal ultrasounds should be readily
available and systematically performed in case of hemodynamic instability after a
cesarean without vaginal bleeding to detect a hemoperitoneum as recommended,
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(26). Inferior vena cava ultrasound evaluation by the anesthesiologist can also be
helpful in the extremely rare cases where retroperitoneal bleeding is suspected. In
addition, next national guidelines update should consider bedside abdominal
ultrasound to be performed by either obstetricians or anesthesiologists, as they are
both trained for ultrasound diagnosis of hemoperitoneum. Good interdisciplinary
collaboration is particularly important in this postoperative context.

The observed lack of surgical skills to perform hemostatic surgery leading to
significant delay in hysterectomy has also been reported in national surveys among
French residents and among obstetricians.(27,28) This emphasizes the need to
involve an experienced obstetrician when hemostatic surgery is needed.(29,30) As
peripartum hysterectomies remain rare events, attending planned complex surgical
procedures and simulation trainings might be interesting tools to improve and
maintain these skills.(31,32)

We found no change in the total number of maternal deaths due to placenta
accreta spectrum, which currently appears as a marginal contributor to obstetric
hemorrhage mortality in France. Although this might result from a relatively low
prevalence of placenta accreta spectrum risk factors in France, in particular
previous caesarean, it might also be explained by different management strategies
for placenta accreta spectrum between countries, with conservative management
in a third of women affected in France.(23,33,34) (35)

The main opportunities of care improvement among preventable maternal deaths
by obstetric hemorrhage in the 2013-2015 are summarized in supplemental
Table S5.

Conclusion

MM by obstetric hemorrhage dramatically decreased by two-thirds in France
between 2001 and 2015, in particular mortality from uterine atony, which dropped
by 80%. Among women who died, increased resuscitative efforts in the last
triennium suggest that proactive hemorrhage management is improving over time.
Nonetheless, maternal death occurred despite better efforts and with an ongoing
preventability rate stable over time, which warrants continued emphasis on
improving care. Further evaluation of practices in the prevention and treatment of
hemorrhage after cesarean delivery seems necessary to guide future guidelines and
training targeting this context.



Trends in maternal mortality from obstetric hemorrhage in France | 211

References

1.  Wildman K, Bouvier-Colle MH. Maternal mortality as an indicator of obstetric care in Europe.
Bjog. févr 2004;111(2):164-9.

2. Lewis G. Saving Mothers’ Lives: the continuing benefits for maternal health from the United
Kingdom (UK) Confidential Enquires into Maternal Deaths. Semin Perinatol.
févr2012;36(1):19-26.

3. Deneux-Tharaux C, Saucedo M. [Enhanced system for maternal mortality surveillance in France,
context and Methods]. Gynecol Obstet Fertil Senol. 20201113€ éd. janv 2021;49(1):3-8.

4. Benhamou D, Chassard D, Mercier FJ, Bouvier-Colle MH. [The seventh report of the confidential
enquiries into maternal deaths in the United Kingdom: comparison with French data]. Ann Fr
Anesth Reanim. 20081219° éd. janv 2009;28(1):38-43.

5. Bonnet MP, Deneux-Tharaux C, Bouvier-Colle MH. Critical care and transfusion management in
maternal deaths from postpartum haemorrhage. Eur J Obstet Gynecol Reprod Biol. 20110531°
éd. oct 2011;158(2):183-8.

6. Goffinet F, Mercier F, Teyssier V, Pierre F, Dreyfus M, Mignon A, et al. [Postpartum haemorrhage:
recommendations for clinical practice by the CNGOF (December 2004)]. Gynecol Obstet Fertil.
20050407¢ éd. avr 2005;33(4):268-74.

7.  Sentilhes L, Vayssiére C, Deneux-Tharaux C, Aya AG, Bayoumeu F, Bonnet MP, et al. Postpartum
hemorrhage: guidelines for clinical practice from the French College of Gynaecologists and
Obstetricians (CNGOF): in collaboration with the French Society of Anesthesiology and
Intensive Care (SFAR). Eur J Obstet Gynecol Reprod Biol. mars 2016;198:12-21.

8. Messarat-Haddouche Z, Leleu H, Nitenberg G, Couralet M, Minvielle E, Goffinet F. [Development
and validation of indicators relating to the quality of prevention and early management of
postpartum haemorrhage (COMPAQ-HPST research project)]. J Gynecol Obstet Biol Reprod
(Paris). 20120302¢ éd. mai 2012;41(3):271-8.

9.  World Health Organization. Maternal death surveillance and response: technical guidance
information for action to prevent maternal deaths. Geneva: World Health Organization; 2013.
2016; Disponible sur: http://www.who.int/maternal_child_adolescent/documents/
maternal_death_surveillance/en/

10. von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP, et al. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet. 20 oct 2007;370(9596):1453-7.

11. Saucedo M, Deneux-Tharaux C, Bouvier-Colle MH, French National Experts Committee on
Maternal Mortality. Ten years of confidential inquiries into maternal deaths in France,
1998-2007. Obstet Gynecol. oct 2013;122(4):752-60.

12. INSERM, Santé Publique France. Maternal deaths in France: better understanding for better
prevention. 6th Report of the National Confidential Enquiries on Maternal Mortality (ENCMM):
2013-2015 [Internet]. 2021. Disponible sur: http://www.epope-inserm.fr/en/grandes-enquetes/
enquete-nationale-confidentielle-sur-les-morts-maternelles



212

Chapter 6

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Main EK, Cape V, Abreo A, Vasher J, Woods A, Carpenter A, et al. Reduction of severe maternal
morbidity from hemorrhage using a state perinatal quality collaborative. Am J Obstet Gynecol.
20170130° éd. mars 2017;216(3):298.e1-298.e11.

McCall SJ, Henriquez D, Edwards HM, van den Akker T, Bloemenkamp KWM, van der Bom J, et
al. A total blood volume or more transfused during pregnancy or after childbirth: Individual
patient data from six international population-based observational studies. PLoS One.
20210122¢ éd. 2021;16(1):e0244933.

Deleu F, Deneux-Tharaux C, Chiesa-Dubruille C, Seco A, Bonnet MP, Appendix) E study group
(see. A population-based analysis of French transfusion practices for women experiencing
severe postpartum hemorrhage. Int J Obstet Anesth. 20190719¢€ éd. 5apr. J.-C.;42:11-9.

Deleu F, Deneux-Tharaux C, Chiesa-Dubruille C, Seco A, Bonnet MP. Fibrinogen concentrate and
maternal outcomes in severe postpartum hemorrhage: A population-based cohort study with a
propensity score-matched analysis. J Clin Anesth. 20220602€ éd. oct 2022;81:110874.

Padilla CR, Shamshirsaz A. Critical care in obstetrics. Best Pract Res Clin Anaesthesiol.
20220218€ éd. mai 2022;36(1):209-25.

Snegovskikh D, Souza D, Walton Z, Dai F, Rachler R, Garay A, et al. Point-of-care viscoelastic
testing improves the outcome of pregnancies complicated by severe postpartum hemorrhage.
J Clin Anesth. févr 2018;44:50-6.

Sentilhes L, Galley-Raulin F, Boithias C, Sfez M, Goffinet F, Le Roux S, et al. Staffing needs for
unscheduled activity in obstetrics and gynecology. Eur J Obstet Gynecol Reprod Biol.
févr 2020;245:19-25.

Diguisto C.; Saucedo M. KA et al. Maternal mortality in eight European countries with enhanced
surveillance systems: descriptive population based study. BMJ. 2022;379:e070621.

de Vries PLM, Deneux-Tharaux C, Baud D, Chen KK, Donati S, Goffinet F, et al. Postpartum
haemorrhage in high-resource settings: Variations in clinical management and future research
directions based on a comparative study of national guidelines. BJOG. 31 mai 2023;

Ramler PI, Beenakkers ICM, Bloemenkamp KWM, Van der Bom JG, Braams-Lisman BAM,
Cornette JMJ, et al. Nationwide confidential enquiries into maternal deaths because of
obstetric hemorrhage in the Netherlands between 2006 and 2019. Acta Obstet Gynecol Scand.
20220302°€ éd. avr 2022;101(4):450-60.

Knight M BK Tuffnell D, Jayakody H, Shakespeare J, Kotnis R, Kenyon S, Kurinczuk JJ (Eds) on
behalf of MBRRACE UK. Saving Lives, Improving Mothers’ Care - Lessons learned to inform
maternity care from the UK and Ireland Confidential Enquiries into Maternal Deaths and
Morbidity 2014-16. Oxford: National Perinatal Epidemiology Unit, University of Oxford 2018
[Internet]. 2018; Disponible sur: https://www.npeu.ox.ac.uk/assets/downloads/mbrrace-uk/
reports/MBRRACE-UK%20Maternal%20Report%202018%20-%20Web%20Version.pdf



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Trends in maternal mortality from obstetric hemorrhage in France

Les morts maternelles en France: mieux comprendre pour mieux prévenir. 6e rapport de
’Enquéte Nationale Confidentielle sur les Morts Maternelles (ENCMM), 2013-2015. [Internet].
Saint-Maurice: Santé publique France; 2021. Disponible sur: https://
www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-cardiovasculaires-et-
accident-vasculaire-cerebral/maladies-vasculaires-de-la-grossesse/documents/enquetes-
etudes/les-morts-maternelles-en-france-mieux-comprendre-pour-mieux-prevenir.-6e-rapport-
de-l-enquete-nationale-confidentielle-sur-les-morts-maternelles

Morau E, Ducloy JC, Le Roux S, Weber P, Dreyfus M. Mortalité maternelle par hémorragie,
résultats de ENCMM, France 2010-2012. Gynécologie Obstétrique Fertilité & Sénologie.
2017;45, Issue 12:524-30.

Pencole L, Peyronnet V, Mandelbrot L, Lepercq J. Risk factors of relaparotomy for intra-
abdominal hemorrhage after cesarean delivery. Eur J Obstet Gynecol Reprod Biol. 20210319¢
éd. mai 2021;260:118-23.

Bouet PE, Brun S, Madar H, Schinkel E, Merlot B, Sentilhes L. Surgical management of
postpartum haemorrhage: survey of French obstetricians. Sci Rep. 27 juill 2016;6:30342.

Bouet PE, Madar H, Froeliger A, El Hachem H, Schinkel E, Mattuizi A, et al. Surgical treatment of
postpartum haemorrhage: national survey of French residents of obstetrics and gynecology.
BMC Pregnancy Childbirth. 2019;19(1):91.

Mavrides E AS Chandraharan E, Collins P, Green L, Hunt BJ, Riris S, Thomson AJ on behalfof the
Royal College of Obstetricians and Gynaecologists. Prevention and management of post-
partum haemorrhage. 2016;(124):€106-49.

D Schlembach HH W Henrich, C von Heymann, F Kainer, W Korte,, M Kiihnert HL H Maul, W Rath,
S Steppat, D Surbek, J Wacker. Peripartum Haemorrhage, Diagnosis and Therapy. Guideline of
the DGGG, OEGGG and SGGG. 2018;(78):382-99.

Kerbage Y, Debarge V, Lucot JP, Clouqueur E, Rubod C. Simulation training to teach postpartum
hemorrhage surgery to residents. Eur J Obstet Gynecol Reprod Biol. 20160318¢ éd.
juin 2016;201:27-30.

Dawe SR, Pena GN, Windsor JA, Broeders JA, Cregan PC, Hewett PJ, et al. Systematic review of
skills transfer after surgical simulation-based training. Br J Surg. 20140515¢ éd.
aolit 2014;101(9):1063-76.

Fitzpatrick KE, Sellers S, Spark P, Kurinczuk JJ, Brocklehurst P, Knight M. Incidence and risk
factors for placenta accreta/increta/percreta in the UK: a national case-control study. PLoS
One. 20121227¢éd. 2012;7(12):e52893.

Bowman ZS, Eller AG, Bardsley TR, Greene T, Varner MW, Silver RM. Risk factors for placenta
accreta: a large prospective cohort. Am J Perinatol. 20131212¢ éd. oct 2014;31(9):799-804.

McCall SJ, Deneux-Tharaux C, Sentilhes L, Ramakrishnan R, Collins SL, Seco A, et al. Placenta
accreta spectrum - variations in clinical practice and maternal morbidity between the UK and
France: a population-based comparative study. Bjog. 20220429€ éd. sept 2022;129(10):1676-85.

213



214 | Chapter 6

Supplemental information

https://www.has-sante.fr/upload/docs/application/pdf/2012-12/ipaqgss-rapport-hpp-v3.pdf

Supplemental Table S1. COMPAQ indicators related to the quality of prevention and early
management of postpartum hemorrhage, defined by the French national Authority for Health (HAS)
in 2012

PPH prevention at delivery  Indicator 1:
Prophylactic injection of oxytocin and placental examination in
accordance with the national guidelines

Indicator 2:

Clinical monitoring of the woman after delivery with:

measurements of heart rate, and blood pressure, assessment of uterine
tonicity and assessment of blood loss

at least twice within the 2 hours following delivery

PPH initial management Indicator 3: PPH diagnosis:
timing of PPH diagnosis
blood loss quantification (in mL) at the time of PPH diagnosis

Indicator 4: Manual endo-uterine exploration

Indicator 5: Antibiotic prophylaxis in accordance with national guidelines

Supplemental Table S2. Characteristics of women who died from obstetric hemorrhage in France,
2001-2003 and 2013-2015

2001-2003 2013-2015
N=n3° N=18
n (%) n (%)
Maternal characteristics
Age > 35 years 13 (43) 11 (61)
Born abroad 17 (57) 10 (59)
BMI >=30kg/m? 4 (14)s 6 (33)e
Parity
P1 4(13) 5(28)
P2 6 (20) 8 (44)
P3 or more 20 (67) 5(28)
Prior obstetric hemorrhage 1(3) 1(6)

Prior uterine scar 8 (27) 10 (55)
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Supplemental Table S2. (continued)

2001-2003 2013-2015
N=n30 N=18
n (%) n (%)
Pregnancy and delivery characteristics
Multiple pregnancy 3(10) 0
Preterm delivery 7(24) 7 (44)
Labour induction 6 (20) 5(31)
Mode of delivery
Cesarean delivery 21 (70) 12 (66)
Operative vaginal birth 3(10) 0
Spontaneous vaginal birth 5(17) 4(22)
Numbers of annuals births in maternity
unit of birth
<1000 deliveries/year 3(10) 4(22)
1001-2000 deliveries/year 12 (40) 3(17)
>2000 deliveries/year 15 (50) 11 (61)

+ 1 missing datum

Supplemental Table S3. Prophylactic and initial management in women who died from

obstetric hemorrhage

2001-2003 2013-2015
N=30 N=18

Prevention of obstetric hemorrhage
Prophylactic uterotonic 29 (96) 14 (82)1.
Initial management of obstetric hemorrhage
Additional intravenous access 30 (100) 17 (100) «
Volume replacement therapy by crystalloids 28 (93) 16 (94) «
Ll\:ltaer;ssl placenta removal or exploration of the 28 (93) 12 (92) -
Anaesthetist called at OH-diagnosis 28 (93) 17 (100) »
Obstetrician called at OH diagnosis 30 (100) 17 (100) »

+ 1 missing datum

1Two of the three women without prophylactic uterotonics
peripartum hysterectomy for placenta accreta spectrum.

Abbreviations: OH = obstetric hemorrhage

were women having a planned
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Supplemental Table S4. Main improvable care factors among women who died from obstetric
hemorrhage in France in 2001-2003 as compared to 2013-2015

Main improvable care factors 2001-2003

Main improvable care factors 2013-2015

Delay in transfusion management

Long delay before start transfusion management
Limited number of laboratory assessments to
evaluate necessity to adapt or intensify
transfusion management

Suboptimal transfusion therapy
Administration of insufficient blood products
and procoagulant management

Inadequate FFP:RBC ratio

Delay in hemorrhage management

Delay before start administration second line
uterotonics after failure of first-line treatment of
hemorrhage

Late application of invasive interventions such
as arterial ligation, embolization, and
hysterectomy to arrest bleeding

Inadequate hemodynamic monitoring

Late application of methods to
hemodynamically monitor the patient.
Insufficient hemodynamic monitoring due to
limited use of central venous access or invasive
arterial line

Delay in intra-abdominal bleeding diagnosis
after cesarean delivery

Late detection of abnormal vital parameters due
to suboptimal postpartum surveillance
particularly in the recovery ward

Late or no performance of bedside ultrasound to
detect intra-abdominal bleeding

Delay in hemorrhage management

Delay in surgical management of hemorrhage
due to insufficient surgical skills to perform
hemostatic surgery

Delay in adequate management of hemorrhage
due to underestimation of the severity of
bleeding

Delay in transfusion management

Although delays before start transfusion
management reduced as compared to
2001-2003, a certain delay remains present with
no point of care testing available.

Abbreviations: FFP= fresh frozen plasma, RBC=red blood cells
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Supplemental Table S5. Overview of the main opportunities of care improvement among
preventable maternal deaths by obstetric hemorrhage in the most recent period

Reduce delays in diagnosis of hemorrhage

- Guidelines could include specific recommendations to optimize the monitoring of
parturients at the recovery ward after cesarean delivery

- Such recommendations could include frequency of monitoring of vital parameters and the
inclusion of other parameters to evaluate hemodynamic instability such as the

shock index.

Improve diagnosis of hemorrhage among women with no exteriorized bleeding

- Abdominal ultrasound should be systematically performed to detect hemoperitoneum
- Bedside abdominal ultrasound can be performed by either obstetricians

or anesthesiologists

Reduce delays of hemorrhage management

- Obstetricians should train their skills to perform hemostatic surgery by attending planned
complex surgical procedures and surgical simulation trainings.
- An experienced obstetrician should be always available on call.

Figure S1: Continuous cycle of maternal death
surveillance and response

High maternal mortality ratio from
obstetric hemorrhage

Fz Mobilisation of stakeholders
Production and publication of guidelines
Implementation of guidelines

Improvement in practices

Decrease in severe maternal outcome

Supplemental Figure S1. Continuous cycle of maternal death surveillance and response
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