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Summary
Background Maternal mortality is higher in west Africa than in most industrialised countries, so the development and 
validation of eff ective interventions is essential. We did a trial to assess the eff ect of a multifaceted intervention to 
promote maternity death reviews and onsite training in emergency obstetric care in referral hospitals with high 
maternal mortality rates in Senegal and Mali.

Methods We did a pragmatic cluster-randomised controlled trial, with hospitals as the units of randomisation and 
patients as the unit of analysis. 46 public fi rst-level and second-level referral hospitals with more than 800 deliveries a 
year were enrolled, stratifi ed by country and hospital type, and randomly assigned to either the intervention group 
(n=23) or the control group with no external intervention (n=23). All women who delivered in each of the participating 
facilities during the baseline and post-intervention periods were included. The intervention, implemented over a 
period of 2 years at the hospital level, consisted of an initial interactive workshop and quarterly educational clinically-
oriented and evidence-based outreach visits focused on maternal death reviews and best practices implementation. 
The primary outcome was reduction of risk of hospital-based mortality. Analysis was by intention-to-treat and relied 
on the generalised estimating equations extension of the logistic regression model to account for clustering of women 
within hospitals. This study is registered with ClinicalTrials.gov, number ISRCTN46950658.

Findings 191 167 patients who delivered in the participating hospitals were analysed (95 931 in the intervention groups 
and 95 236 in the control groups). Overall, mortality reduction in intervention hospitals was signifi cantly higher than 
in control hospitals (odds ratio [OR] 0·85, 95% CI 0·73–0·98, p=0·0299), but this eff ect was limited to capital and 
district hospitals, which mainly acted as fi rst-level referral hospitals in this trial. There was no eff ect in second-level 
referral (regional) hospitals outside the capitals (OR 1·02, 95% CI 0·79–1·31, p=0·89). No hospitals were lost to 
follow-up. Concrete actions were implemented comprehensively to improve quality of care in intervention hospitals. 

Interpretation Regular visits by a trained external facilitator and onsite training can provide health-care professionals 
with the knowledge and confi dence to make quality improvement suggestions during audit sessions. Maternal death 
reviews, combined with best practices implementation, are eff ective in reducing hospital-based mortality in fi rst-level 
referral hospitals. Further studies are needed to determine whether the benefi ts of the intervention are generalisable 
to second-level referral hospitals.

Funding Canadian Institutes of Health Research.

Introduction
Maternal mortality remains high in sub-Saharan 
Africa,1 particularly in health facilities that provide 
emergency obstetric care. In many places across west 
Africa, more than 1% of women die giving birth in 
hospitals.2 Signifi cant inroads in reducing maternal 
mortality cannot be made without substantially increas-
ing access to emergency obstetric care services.3 How-
ever, service availability and quality of care in these 
referral hospitals are varied. Updating the skills of 
many professionals who do not currently have the 
competencies required to provide emergency obstetric 
care is urgently needed.4

An overview of interventions aimed at improving the 
performance of health professionals in low-income 
countries suggests that: simple dissemination of written 
guidelines is often ineff ective; educational outreach visits 

and audit with feedback are generally eff ective; and 
multifaceted inter ventions might be more eff ective 
than single inter ventions.5 Facility-based maternal death 
reviews seem particularly suitable to audits that aim to 
improve emergency obstetric care in referral hospitals in 
low-income countries.6,7 Although the results of some 
observational studies are promising,8–12 the current 
literature provides no rigorous evidence regarding the 
eff ectiveness of maternal death reviews in improving 
maternal outcomes, either alone or in combination with 
other interventions, nor concerning their nationwide 
implementation.

The primary objective of the QUARITE (quality of care, 
risk management, and technology in obstetrics) trial was 
to assess whether a multifaceted intervention to promote 
maternal death reviews and training for emer gency 
obstetric care in referral hospitals would reduce hospital-
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based mortality. The secondary objectives were to 
improve perinatal health, resource availability, and 
medical practices.

Methods
Setting and participants
The trial was undertaken in Senegal and Mali from 
Sept 1, 2007, to Oct 30, 2011. The public health system, 
which is almost the only provider of modern health-care 
services in both countries, is based on primary health-
care facilities or community health centres, district 
hospitals, regional hospitals, and national or teaching 
hospitals. Whereas these hospitals off er comprehensive 
emergency obstetric care, community health centres 
provide only basic obstetric services, including assisted 
deliveries. When an emergency complication arises in 
the com munity health centre, the patient is referred to a 
district or regional hospital. Mild complications are 
managed at the fi rst level of care—the district hospital. 
Patients needing more specialised health-care services 
are referred to second-level care—regional or national 
hospitals. In the capital cities of both countries (Dakar in 
Senegal and Bamako in Mali), both fi rst and second 
referral hospi tals are available. Disparities are apparent 
in the resource allocation and geographical accessibility 
between hospitals in Dakar and Bamako and hospitals 
outside the capitals.13 The trial consisted of a 1-year 
pre-intervention or baseline period (year 1), a 2-year 
intervention period (years 2 and 3), and a 1-year post-
intervention period (year 4), when the primary outcome 
was assessed. First-level and second-level public referral 
hospitals with more than 800 deliveries a year that had a 
functional operating room and had not done maternal 
death reviews previously were eligible to participate. 
Centres were included on the basis of formal, informed 
consent on the part of the hospital director and the 
person in charge of maternity services. All women who 
had delivered in each of the participating facilities during 
the study period were included. Women who delivered at 
home or in another centre with postnatal transfer were 
excluded. The study setting and methods were published 
in detail at the trial’s inception.13 This trial has been 
approved by the ethics committee of Sainte-Justine 
Hospital in Montreal, Canada, which manages the 
operating funds, and by the national ethics committees 
in Senegal and in Mali.

Study design
We used a stratifi ed cluster-randomised parallel-group 
trial design. The hospital was the unit of randomisation 
to avoid contamination between practitioners in the 
same service, since the intervention directly targeted 
teams of professionals. Hospitals were stratifi ed by 
country and hospital type (hospitals in the capital, 
regional hospitals, and district hospitals outside the 
capital). To ensure balance in size (number of deliveries 
per year) between hospitals assigned to the two groups, 

within each stratum blocked randomisation was used, 
with each block including two hospitals of similar size. 
Investigators were informed of the allocation status of 
the individual hospitals only after the collection of 
baseline data was completed and immediately before the 
fi rst workshop, as per protocol. 

After a 1-year pre-intervention data collection phase, 
each hospital was randomly assigned, in August 2008, 
to either an intervention group, in which the inter-
vention  was implemented, or a control group. All 
participating hospitals were randomised simultaneously, 
after their list was provided, which eliminated any risk 
of allocation bias.

The formula for calculating the required number of 
patients is that used for a cluster-randomised controlled 
trial design.13 The calculation was based on an overall 
maternal mortality rate of 1·5% in the pre-intervention 
phase and an expected reduction of 30% in maternal 
mortality in the hospitals of the intervention group, 
compared with the control group. To account for 
clustering of the outcomes within hospitals, we used the 
intraclass correlation coeffi  cient (ICC) estimated in the 
pilot study in Senegal.14 The calculation showed that a 
total of 38 205 patients and 46 hospitals allowed us to 
achieve a power of 82% to detect a 30% reduction in 
hospital-based maternal mortality between groups (OR 
0·70) with two-sided signifi cance test at α=0·05 and with 
ICC=0·001 (ACluster-design 2005, version 2.0, World 
Health Organization).

Intervention
The multifaceted intervention in the experimental group 
was implemented at the hospital level and targeted 
health-care professionals. The sequence of activities 
during the 2 years was directed toward developing local 
leadership and empowering obstetric teams. No fi nancial 
incentive was provided. First, one doctor and one 
midwife who were responsible for maternity services 
from each hospital in the intervention arm took part in a 
6-day training workshop provided by certifi ed instructors 
in September, 2008, in Senegal and in October, 2008, in 
Mali. Using the ALARM (Advances in Labour and Risk 
Management) international course,15 the session con-
sisted of 3 days of training in best practices in emergency 
obstetric care, 1 day of training in maternal death 
reviews, 1 day of awareness training related to economic, 
socio cultural, and ethical barriers (including sexual and 
reproductive rights), and 1 day of training in adult 
education methods. At the end of the session, a 
normative evaluation was done. These trainees then 
attended two recertifi cation sessions (once a year) to 
verify their knowledge, update them on the clinical 
content and process of maternal death audits, discuss 
their roles, share their experiences, and confi rm their 
capacity to provide leadership in their clinical settings. 
Just after the initial training, a multidisciplinary audit 
committee including physicians, midwives, nurses, and 

For the protocol see http://www.
thelancet.com/protocol-
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adminis trators was created in each participating site and 
trained in the process of undertaking maternal death 
reviews. The audit cycle and onsite training were then 
launched in each intervention site with the support of 
external facilitators (certifi ed instructors) during their 
quarterly educational outreach visits, in accordance with 
the approach proposed by WHO.7 The topics were 
selected by the audit committee depending on the 
principal causes of maternal mortality in a given 
hospital, as identifi ed during the reviews. If needed, 
local trainers who took part in the initial training 
workshop developed new clinical guidelines or updated 
existing guidelines according to best practices for 
emergency obstetric care.

The hospitals randomised to the control group did 
not receive any intervention from the research team. 
Administrators of these hospitals were informed that the 
6-day training workshop would be provided at the end of 
the trial.

Outcomes and blinding
The primary outcome was hospital-based maternal 
death, measured as the vital status of the mother at 
hospital discharge. A system of data collection, indepen-
dent of the intervention process, was set up in all 
participating hospitals. This system was based on the 
WHO global survey on maternal and perinatal health.16 
All deliveries that took place in participating centres were 
registered by local data collectors (appropriately trained 
nurses or midwives). They completed a standard form 
for each eligible patient that included information on 
maternal characteristics, prenatal care, labour and 
delivery, diagnosed complications, and vital status of 
both mother and child at hospital discharge. This infor-
mation was extracted from the hospital registers and 
from available medical records whose quality and 
archiving procedures were regularly monitored by the 
country-level study coordinators. Special attention was 
paid to ascertain all maternal deaths.13 These data were 
obtained on an ongoing basis throughout the study and 
transferred to the national coordinating centre for double 
data entry using Epi Info 2000 software, version 3.5. The 
electronic records containing the clinical data were 
cleaned on a quarterly basis, then transmitted to the 
trial’s main coordinating centre in Montreal for quality 
control and stored in a secure location.13 An independent 
data security and monitoring board did two planned 
blinded interim analyses at the end of the fi rst and 
second years of intervention13 and, on the basis of their 
results, recommended continuation of the trial.

The data collection and the implementation of the 
intervention were undertaken by diff erent and inde-
pendent organisations in each country. The organisations 
were not blinded with respect to randomisation but they 
were not involved in the assessment of the outcome. 
Until the end of the study, access to the clinical database 
was restricted to the data manager in Montreal, Canada.

We also assessed the eff ects of the intervention on three 
types of secondary outcomes: resource avail ability in each 
hospital, medical practice for emergency obstetric care, 
and perinatal mortality. Availability of resources required 
to provide high quality emergency obstetric care, as 
proposed by WHO in the African context, was quantifi ed 
by the hospital complexity index.16 We assessed the separate 
eff ects of the inter vention on the total complexity index 
score and on each of its eight subscores, corresponding to 
the availability of specifi c resources. For each hospital, the 
index was calculated separately for the baseline and year 4, 
on the basis of a systematic, standardised inventory of 
available resources. Perinatal deaths were assessed for all 
single ton pregnancies and were defi ned as either 
stillbirths, early neonatal deaths that occurred within the 
fi rst 24 h after the birth, or those that occurred later before 
hospital discharge. Medical care was assessed through the 
following essential obstetric interventions, con sidered 
eff ective in reducing maternal and perinatal mor-
tality: assisted delivery (forceps and vacuum extrac tion), 
caesarean section, trans fusion and hysterectomy, or trans-
fer to another, more specialised health facility.

We undertook a survey in participating hospitals in 
both control and intervention groups during the post-
intervention period regarding maternal death reviews 
and continuous education practices. We collected detailed 
information on specifi c activities implemented during 
the intervention period in each participating hospital 
using in-depth interviews with health services managers.

Figure 1: Study fl ow diagram

46 hospitals randomised, stratified into 
 six strata (country and hospital type) 
 at end of the baseline period

1 centre declined to participate
2 had already implemented maternal 
 death reviews

23 hospitals randomised to receive intervention 
 (mean 1843 [SD 1472] patients included per 
 hospital)

23 hospitals randomised to receive no external 
 intervention (control; mean 1938 [SD 1218] 
 patients included per hospital)

23 hospitals followed up in years 2, 3, and 4  
 0 hospitals lost to follow-up

23 hospitals followed up in years 2, 3, and 4
 0 hospitals lost to follow-up

49 referral hospitals

23 hospitals analysed
95 931 patients analysed
 44 324 patients included in baseline 
  period minus 1055 patients with 
  no data available
 53 658 patients included in year 4 minus 
  996 patients with no data 
  available

23 hospitals analysed
95 236 patients analysed
 44 442 patients included in baseline 
  period minus 2787 patients with 
  no data available
 54 912 patients included in year 4 minus 
  1331 patients with no data 
  available
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Analysis
The intervention eff ect on the primary outcome was 
estimated as the diff erence between the allocation groups 
in the change of individual mothers’ risk of hospital-
based mortality from the baseline (year 1) to the post-
intervention (year 4) periods. Primary intention-to-treat 
analyses used hospital-based death of individual mothers 
as the binary individual-level outcome and relied on the 
generalised estimating equations (GEE) extension of 
the logistic regression model, with exchangeable co-
variance structure, to account for clustering of women 
within hospitals.17 Using the diff er ence-in-diff erences 
approach,18 additional reduction of the risk that a mother 
in the intervention group would die before being 
discharged from hospital, relative to the reduction in the 
control group, was estimated by the odds ratio with 
95% CIs for the interaction between indicators of trial 
group (intervention vs control) and time (year 4 vs 1) from 
the GEE model. The GEE model-based two-sided Wald 
test of this interaction, at α=0·05, was used to test the 
signifi cance of the intervention eff ect. The GEE model 
adjusted for the two stratifi cation variables: hospital type 
and country, as well as for variables selected a priori as 

potential risk factors for hospital-based mortality, 
including both (a) baseline (year 1) characteristics of 
hospitals (availability of adult intensive care unit, blood 
bank, anaesthetist, and gynaecologist-obstetrician) and 
(b) characteristics of indi vidual women (residence, age, 
parity, previous caesarean delivery, any pathology during 
pregnancy, prenatal visit attendance, multiple pregnancy, 
referral from another health facility, antepartum or post-
partum haemorrhage, pre-eclampsia or eclampsia, 
prolonged or obstructed labour, uterine rupture, and 
puerperal infection or sepsis). Because of the small 
number of hospitals in each of the six strata, as well as 
important diff erences in both the resources present in 
particular hospitals and in the characteristics of the 
women who delivered in the diff erent hospitals, such 
adjustments were important to minimise potential 
confounding bias. Interactions with each of the two 
stratifi cation variables were tested at two-tailed α=0·05 to 
assess whether the intervention eff ect varied by hospital 
type or country. If the interaction was signifi cant, the 
intervention eff ects were reported separately for each 
stratum of the respective variable.

All individual-level secondary binary outcomes, related 
to either medical practice or perinatal deaths, were 
analysed using the same methods as for the primary 
outcome. The only diff erence was that, for some 
outcomes, the multivariable GEE logistic models, which 
accounted for clustering of outcomes within the 
hospitals, did not converge. This occurred whenever a 
given outcome was not observed at all in any of the 
mothers or infants, in some among the 46 participating 
hospitals. For those outcomes, we reported the results of 
a corresponding conventional multivariable logistic 
regression, fi tted at the preliminary stage of GEE 
analyses. The odds ratios (OR) estimated through the 
conventional logistic regression models are known to be 
similar to the corresponding GEE-based ORs, but the 
standard errors are systematically underestimated when 
the logistic model, which ignores clustering, is fi tted to 
clustered data.17 Therefore, to account for the spuriously 
low p values, for all outcomes analysed with logistic 
regression, we used a conservative cutoff  of p<0·001 as a 
criterion for signifi cance.

To assess the eff ect of the intervention on the resource 
availability, quantifi ed by the hospital complexity index 
score, we adapted the diff erence-in-diff erences approach, 
described above for the primary outcome, to the analyses 
of a quantitative hospital-level outcome. Specifi cally, for 
the total complexity score and for each of its eight 
subscores, we estimated the multivariable mixed linear 
model, with 46 hospitals as the units of the analysis. 
Exchangeable covariance structure was assumed to 
account for the correlation of the two complexity scores, 
for years 1 (baseline) and 4 (post-intervention), within the 
same hospital. The multivariable mixed linear model 
adjusted the eff ects of the year, the randomisation group 
and their interaction for the two stratifi cation variables 

Year 1 Year 4

Intervention 
(n=23)

Control 
(n=23)

Intervention 
(n=23)

Control 
(n=23)

Mean number of qualifi ed personnel per 
hospital (SD)

22·5 (22·9) 26·7 (27·7) 20·9 (12·9) 21·6 (12·7)

Doctors 3·0 (1·7) 3·2 (1·7) 3·3 (2·1) 4·3 (3·1)

Midwives 9·7 (8·9) 9·4 (9·4) 6·1 (6·3) 6·4 (5·7)

Nurses with midwifery training 7·2 (14·7) 10·8 (18·1) 7·9 (6·4) 8·3 (5·3)

Nurses with anaesthesiology training 2·7 (1·6) 3·3 (3·6) 2·7 (2·3) 2·6 (2·4)

Country, n (%)

Hospitals in Mali 11 (47·8%) 11 (47·8%) 11 (47·8%) 11 (47·8%)

Hospitals in Senegal 12 (52·2%) 12 (52·2%) 12 (52·2%) 12 (52·2%)

Type of hospital, n (%)

Hospital in the capital 6 (26·1%) 6 (26·1%) 6 (26·1%) 6 (26·1%)

Regional hospital outside the capital 7 (30·4%) 7 (30·4%) 7 (30·4%) 7 (30·4%)

District hospital outside the capital 10 (43·5%) 10 (43·5%) 10 (43·5%) 10 (43·5%)

Level of care,* n (%)

First-level referral hospital 15 (65·2%) 16 (69·6%) 15 (65·2%) 16 (69·6%)

Second-level referral hospital 8 (34·8%)  9 (39·1%) 8 (34·8%) 9 (39·1%)

Resource availability per hospital, n (%)

Obstetrician-gynaecologist on staff 17 (73·9%) 15 (65·2%) 17 (73·9%) 18 (78·3%)

Physician specialised in anaesthesia on staff 12 (52·2%) 10 (43·5%) 11 (47·8%) 10 (43·5%)

Staff  member specialised in anaesthesia 
(nurse or physician) available 24 h a day 

7 (30·4%) 11 (47·8%) 10 (43·5%) 8 (34·8%)

Blood bank 14 (60·9%) 13 (56·5%) 17 (73·9%) 16 (69·6%)

Adult intensive care unit 8 (34·8%) 9 (39·1%) 9 (39·1%) 8 (34·8%)

Data are mean (SD) or number of hospitals (%). *Mild complications are managed in the district hospital, which 
constitutes the fi rst level of care. If the patient needs more specialised health-care services, they are referred to the 
regional or national hospital—the second level of care.

Table 1: Characteristics of hospitals by group allocation during the baseline period (year 1) and the 
post-intervention period (year 4)
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(country and hospital type). Statistical signifi cance of the 
intervention eff ect was assessed by testing the year-by-
group interaction, which indicated if the mean change in 
the complexity scores (year 4–year 1) over time diff ered 
between the two trial arms.

To include all eligible women in the intention-to-treat 
analyses, missing data for individual characteristics 
were imputed based on their distributions in the study 
population. In sensitivity analysis, women who died 
before labour were excluded because they usually sought 
care only after developing severe complications at home. 
We hypothesised that the multifaceted intervention could 
not have changed the outcomes for these high-risk 
women. All analyses were done with SAS version 9.2 
statistical software. This study is registered with Current 
Controlled Trials, number ISRCTN46950658.

Role of the funding source
The trial was funded by the Canadian Institutes of Health 
Research. The sponsor of the study had no role in study 
design, data collection, data analysis, data inter pretation, 
or writing of the report. The corresponding author had 
full access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication. 

Results
The trial fl ow chart is presented in fi gure 1. Of the 
49 eligible hospitals, 46 agreed to participate and were 
included in the trial. No hospital was lost to follow-up.

We identifi ed 1067 qualifi ed health-care professionals 
(doctors, midwives, and nurses) in the maternity units 
at trial entry (536 in Senegal and 531 in Mali). Staff  
turnover was low in participating hospitals (overall 3% 
per year). In both countries, obstetric care was provided 
by doctors, midwives, and registered nurses with mid-
wifery training. Staff  specialised in anaesthesia (nurse or 
physician) participated in the management of com-
plicated cases. During the baseline period, the mean 
number of qualifi ed personnel per hospital was 
22·5 (SD 22·9) in intervention and 26·7 (SD 27·7) in 
control hospitals, and it did not change markedly during 
the post-intervention period (table 1). The mean number 
of deliveries annually was 1843 (SD 1472) and 1936 (SD 
1218) for the intervention and control hospitals, re-
spectively. In all, 197 336 patients were enrolled during 
the baseline and post-intervention periods (97 982 in 
intervention and 99 354 in control arms). Of these, 
clinical records were not retrieved for 6169 (3%) patients, 
and no information except the date of delivery was 
available for 2051 of 97 982 (2·1%) in the intervention 
arms and 4118 of 99 354 (4·1%) in the control arms. These 
women were excluded from the analyses. Since we 
identifi ed all the female deaths that occurred in the 
participating hospitals using the various registries 
available (admissions, hospitalisations, operating rooms, 
and morgue),13 we assumed none of the patients with no 
data available died during their hospital stay. Finally, 

191 167 patients who delivered in the participating hos-
pitals were analysed (95 931 in the intervention arms and 
95 236 in the control arms).

The infrastructural capabilities of the participating 
hospitals were associated with the level of care. The 
personnel were more qualifi ed (ie, specialist gynae-
cologist-obstetricians, physicians specialised in anaes-
thesia) and the health services were more specialised (ie, 
intensive care unit, blood bank, microbiology labora-
tories) in second-level than in fi rst-level referral hos-
pitals. Of the 12 hospitals in the capital cities (Bamako 
and Dakar), three were second-level referral teaching 
hospitals and nine were fi rst-level referral hospitals. The 
14 regional hospitals outside the capital cities were all 

Year 1 Year 4

Intervention 
(n=43 269)

Control 
(n=41 655)

Intervention 
(n=52 662)

Control 
(n=53 581)

Residence

In the city of the hospital 36 974 (85·4%) 35 782 (85·9%) 45 560 (86·5%) 47 272 (88·2%)

Outside the city but in the 
same region

4008 (9·3%) 5125 (12·3%) 5957 (11·3%) 5386 (10·1%)

Outside the region 2242 (5·2%) 509 (1·2%) 1115 (2·1%) 854 (1·6%)

Age ≥35 years 4356 (10·1%) 4195 (10·1%) 5325 (10·1%) 5210 (9·7%)

Nulliparous 28 435 (65·7%) 26 939 (64·7%) 35 908 (68·2%) 36 397 (67·9%)

Previous caesarean delivery 3112 (7·2%) 2782 (6·7%) 5196 (9·9%) 4920 (9·2%)

Any pathology before 
pregnancy*

406 (0·9%) 324 (0·8%) 516 (1·0%) 648 (1·2%)

No prenatal visit 4221 (9·8%) 4535 (10·9%) 4780 (9·1%) 5250 (9·8%)

Any pathology during current 
pregnancy†

3976 (9·2%) 3401 (8·2%) 3897 (7·4%) 4834 (9·0%)

Multiple pregnancy 1768 (4·1%) 1555 (3·7%) 2139 (4·1%) 2135 (4·0%)

Referred from another health 
facility

11 644 (26·9%) 9384 (22·5%) 15 382 (29·2%) 13 097 (24·4%)

Forceps/vacuum extraction 921 (2·1%) 854 (2·1%) 1019 (1·9%) 1068 (2·0%)

Elective caesarean delivery 920 (2·1%) 954 (2·3%) 1711 (3·2%) 1786 (3·3%)

Emergency antepartum 
caesarean delivery

1627 (3·8%) 966 (2·3%) 2256 (4·3%) 1110 (2·1%)

Emergency intrapartum 
caesarean delivery

6483 (15·0%) 5268 (12·6%) 8963 (17·0%) 8931 (16·7%)

Any obstetric complication 10 585 (24·5%) 9533 (22·9%) 13 599 (25·9%) 14 136 (26·4%)

Antepartum or post-partum 
haemorrhage

2743 (6·3%) 2477 (6·0%) 3165 (6·0%) 2869 (5·4%)

Pre-eclampsia/eclampsia 1758 (4·1%) 1233 (3·0%) 2385 (4·5%) 2172 (4·0%)

Prolonged/obstructed labour 7173 (16·6%) 6649 (16·0%) 9725 (18·5%) 10 937 (20·4%)

Uterine rupture 321 (0·7%) 248 (0·6%) 348 (0·7%) 267 (0·5%)

Puerperal infection/sepsis 242 (0·6%) 428 (1·0%) 354 (0·7%) 216 (1·4%)

Blood transfusion 1220 (2·8%) 1074 (2·6%) 1644 (3·1%) 1310 (2·4%)

Hysterectomy 127 (0·3%) 114 (0·3%) 152 (0·3%) 115 (0·2%)

Transportation to another hospital 72 (0·2%) 83 (0·2%) 53 (0·1%) 35 (0·1%)

Data are number of patients (%). *Pathology diagnosed before pregnancy: HIV, chronic respiratory conditions, cardiac or 
renal diseases, sickle cell trait, or chronic hypertension. †Pathology diagnosed during current pregnancy: pyelonephritis or 
urinary infection, malaria, severe maternal anaemia (<70 g/L), gestational diabetes, pregnancy-induced hypertension, 
vaginal bleeding near full-term, or chorioamnionitis.

Table 2: Characteristics of patients by group allocation during the baseline period (year 1) and the 
post-intervention period (year 4)
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second-level referral hospitals, and the 20 district 
hospitals were all fi rst-level referral hospitals (tables 1 
and 2). Essential resources for emergency obstetric care 
did not change markedly during the study period, except 
for the number of blood banks, which increased in both 
allocation groups but remained somewhat more frequent 
in the intervention hospitals (table 1). The availability of 
staff  specialising in anaesthesia diff ered between the two 
groups. The two groups also diff ered in some patient 
characteristics in the baseline year: the proportions of 
women who lived outside the area of the hospital, had an 
obstetric complication, or had an emergency caesarean 
delivery (antepartum or intrapartum) were higher in 
intervention than in control hospitals (table 2). These 
diff erences could partly explain why women in the 
intervention arm had higher pre-intervention crude 
hospital-based mortality (table 3). There were no missing 
data for hospital characteristics, whereas for patient 
characteristics the proportion of missing data varied 
from 0% for parity to a maximum of 1% for age (1910 of 
191 167 patients). 

Crude hospital-based maternal mortality in the base line 
period was higher in regional hospitals than in capital and 
district hospitals in both allocation groups (table 3). During 
the study period, the secular trends of crude maternal 
mortality rates in regional hospitals were similar in the 
intervention and control groups. By contrast, in both 
capital and district hospitals, crude mortality decreased 
markedly in the intervention group and increased slightly 
in the control group (appendix p x). There was a steady 
decline in the intervention hospitals in the capital cities. 
For the district hospitals outside the capital cities, the 
benefi t was demonstrated later (year 4) following the 
education programme. In multivariable GEE analyses that 
accounted for clustering and were adjusted for hospital 
and patient characteristics, the post-pre-intervention 
reduc tion of hospital-based mater nal mortality in inter-
vention hospitals was signifi cantly greater than the 
reduction in control hospitals (adjusted OR 0·85; 95% CI 
0·73–0·98, p=0·0299). However, there was a statistically 
signifi cant interaction with hospital type (p=0.0107). 
Analyses that accounted for this interaction indicated that 
the benefi ts of the intervention were limited to capital 
hospitals (adjusted OR 0·86; 95% CI 0·74–0·99, p=0·0374) 
and district hospitals (0·65; 0·55–0·77, p<0·0001), with no 
signifi cant eff ect for regional hospitals (1·02; 0·79–1·31, 
p=0·89). Excluding maternal deaths before labour from 
the analyses did not substantially change the results (0·84; 
0·73–0·97, p=0·0229 for the eff ect pooled across hospital 
types). The intervention eff ects did not vary signifi cantly 
across the two countries (OR 1·11 for the interaction with 
the country; 95% CI 0·83–1·48, p=0·47).

Antepartum or post-partum haemorrhage, pre-eclampsia 
or eclampsia, and indirect causes (anaemia, malaria, HIV/
AIDS, and cardiovascular disease) were the leading 
causes of hospital-based maternal deaths in both groups 
(table 4). In the post-intervention period, we noted a 
marked decrease in the number of deaths related to 
haemorrhage, pre-eclampsia or eclampsia, and puerperal 
infection in the intervention group.

Tables 5 and 6 summarise the results for secondary 
outcomes related to resource availability, medical practice, 

Intervention group Control group

Year 1 Year 4 Year 1 Year 4

Uterine rupture 32 (7·2%) 24 (6·7%) 25 (7·4%) 24 (6·3%)

Haemorrhage 144 (32·4%) 122 (34·3%) 111 (32·9%) 128 (33·5%)

Pre-eclampsia/eclampsia 101 (22·7%) 63 (17·7%) 78 (23·1%) 85 (22·3%)

Obstructed labour 5 (1·1%) 2 (0·6%) 4 (1·2%) 3 (0·8%)

Puerperal infection/sepsis 41 (9·2%) 21 (5·9%) 15 (4·5%) 26 (6·8%)

Other direct causes* 25 (5·6%) 29 (8·1%) 34 (10·1%) 19 (5·0%)

Other indirect causes† 95 (21·3%) 95 (26·7%) 68 (20·2%) 94 (24·6%)

Unclassifi ed 2 (0·4%) 0 2 (0·6%) 1 (0·3%)

Total 445 (100%) 356 (100%) 337 (100%) 381 (100%)

Data are number of maternal deaths (%). *Excluding uterine rupture, antepartum or post-partum haemorrhage, 
pre-eclampsia, obstructed labour, and puerperal infection, the complications during surgery or anaesthesia, suspected 
amniotic fl uid embolism, and thromboembolism (not confi rmed by autopsy but diagnosis based on clinical judgment) 
were the most common direct causes of maternal death. †Anaemia, malaria, HIV/AIDS, and cardiovascular disease 
were the most common indirect causes of maternal death.

Table 4: Causes of hospital-based maternal mortality by group allocation during the baseline (year 1) and 
post-intervention period (year 4)

Intervention group Control group Eff ect of the intervention

Baseline rate Rate in year 4 Rate 
change*

Baseline rate Rate in year 4 Rate 
change*

Diff erence in rate 
change (95% CI)

Adjusted OR† 
(95% CI)

p

Hospitals in the capital 2·5 (52/20543) 1·4 (39/27615) −1·1 2·8 (46/16704) 3·2 (73/23032) 0·4 −1·4 (−2·9 to −0·2) 0·86 (0·74 to 0·99) 0·0374

Regional hospitals 18·1 (241/13305) 15·5 (204/13135) −2·6 13·3 (211/15906) 10·2 (189/18499) −3·0 0·4 (−3·4 to 4·3) 1·02 (0·79 to 1·31) 0·8911

District hospitals 16·1 (152/9421) 9·5 (113/11912) −6·6 8·8 (80/9045) 9·9 (119/12050) 1·0 −7·6 (−11·7 to −3·6) 0·65 (0·55 to 0·77) <0·0001

Total 10·3 (445/43269) 6·8 (356/52662) −3·5 8·1 (337/41655) 7·1 (381/53581) −1·0 −2·5 (−4·2 to −0·9) 0·85 (0·73 to 0·98) 0·0299

Data are number of maternal deaths per 1000 patients (crude hospital-based maternal mortality rates) by group allocation and period. *Post-intervention period – pre-intervention rate. †Additional reduction of 
the risk that a mother in the intervention group would die before being discharged from hospital, relative to the reduction in the control group, adjusted by country, hospital characteristics (availability of adult 
intensive care unit, blood bank, anaesthetist, and gynaecologist-obstetrician), and patient characteristics (age, parity, previous caesarean delivery, any pathology during pregnancy, prenatal visit attendance, 
multiple pregnancy, referral from another health facility, antepartum or postpartum haemorrhage, pre-eclampsia/eclampsia, prolonged/obstructed labour, uterine rupture, puerperal infection/sepsis). Clustering 
was taken into account using generalised estimating equations models and interchangeable structure of the residual covariance matrix.

Table 3: Primary outcome

See Online for appendix
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and perinatal mortality. In the case of a signifi cant 
interaction with the country or the hospital type, separate 
intervention eff ects are reported, respectively, for Mali 
and Senegal or for capital, regional, and district hos pitals. 
Firstly, the intervention resulted in a signifi cant increase 
in the probability of transfusions (overall eff ect was 
marginally signifi cant, adjusted OR 1·44, 95% CI 
0·99–2·11, p=0·06), especially in regional hospitals (2·32; 
1·52–3·55, p<0·0001). Furthermore, the probability of 
emergency antepartum caesarean deliveries increased 
signifi cantly (1·33; 1·19–1·50, p<0·0001). The main 
indications for antepartum caesarean delivery were 
pre-eclampsia and eclampsia (27% of all antepartum 
caesareans). By con trast, the overall frequency of intra-
partum caesarean deliveries decreased signifi cantly 
(adjusted OR 0·87, 95% CI 0·82–0·92, p<0·0001), but the 
eff ects varied signifi cantly by country and hospital type. 
Specifi cally, the study intervention had no eff ect on the 
probability of intrapartum caesarean deliveries in the 
capital hospitals, whereas for regional and district 
hospitals it decreased in probability in Senegal but 
increased in Mali (table 6). The main indications for intra-
partum caesarean deliveries were prolonged or obstructed 
labour, suspected cephalo pelvic disproportion (37%) and 
fetal distress (16%). The overall frequency of assisted 
deliveries (forceps or vacuum) increased in Senegal 
(adjusted OR 3·10, 95% CI 1·85–5·20, p<0·0001), with 
no eff ect in Mali (0·51, 0·16–1·59, p=0·25). Intervention 
had no eff ect on the overall resource availability, as the 
increases over time in the total score for the hospital 
complexity index were similar for the two trial arms 
(table 5). However, the improvements over time in the 
mean scores indicating the provision of clinical protocols 
and training were signifi cantly greater in the intervention 
than in the control group (table 5). The study intervention 
resulted in a marginally signifi cant decrease in neonatal 

mortality before 24 h (adjusted OR 0·74; 95% CI 
0·61–0·90, p=0·0023 in logistic model) and no signifi cant 
eff ects on stillbirths (1·05; 0·91–1·22, p=0·48). Finally, 
the eff ects on neonatal mortality after the fi rst day of life 
varied considerably depending on hospital type, with a 
sig nifi cant decrease in capital hospitals (0·24; 0·13–0·45, 
p<0·0001), no eff ect in district hospitals (0·81; 0·41–1·62, 
p=0·56), and marginally signifi cant increase in regional 
hospitals (2·36, 1·36–4·09, p=0·0022 in logistic model).

Regular educational outreach visits by a certifi ed 
instructor to promote maternal death reviews occurred in 
all intervention hospitals as required by the protocol, and 
no control hospital received this type of visit by external 
facilitators during the study period (appendix). National 
support from opinion leaders varied somewhat between 
Senegal and Mali. A professor from the Department of 
Obstetrics and Gynaecology of the University of Bamako 
(MT) took part in all visits in Mali. In Senegal, an 
obstetrician-gynaecologist from the National Reproductive 
Health Offi  ce visited only half of the intervention hospitals 
during the fi rst supervision, and did not take part in the 
other visits. The proportions of intervention hospitals that 
planned regular meetings for maternal death reviews, 
trained staff  personnel in emergency obstetric care, and 
updated or developed new clinical guidelines were high 
(95·6%, 100%, and 74%, respectively), but these activities 
were also implemented in some control hospitals 
(appendix). This was particularly true for regional 
hospitals in the control group, where four of the seven 
maternity units carried out maternal death reviews and 
continuous staff  education in emer gency obstetric care 
with the support of the government or international 
organisations and new clinical guide lines for emergency 
obstetric care were introduced in fi ve of the seven control 
hospitals. In the hospitals in the intervention arm, the 
audit meetings were held every two or three months 

Intervention group Control group Diff erence between 
mean changes (95% CI)

p

Baseline Year 4 Mean 
change

Baseline Year 4 Mean 
change

Basic services 6·78 (0·52) 6·87 (0·34) 0·09 6·74 (0·62) 6·74 (0·92) 0 0·09 (–0·29 to 0·47) 0·6454

General medical services 13·87 (3·51) 15·09 (4·75) 1·22 13·52 (4·79) 15·35 (4·17) 1·83 –0·61 (–2·49 to 1·27) 0·5179

Laboratory tests 8·96 (1·62) 8·74 (1·32) –0·22 8·78 (1·35) 9·22 (1·35) 0·44 –0·65 (–1·54 to 0·23) 0·1446

Anaesthesia resources 4·43 (0·73) 4·61 (1·75) 0·18 4·22 (1·57) 4·39 (1·59) 0·17 0·01 (–0·98 to 0·98) 1

Emergency obstetric care 10·26 (1·84) 10·96 (1·66) 0·70 9·30 (2·30) 10·04 (2·23) 0·74 –0·04 (–0·79 to 0·70) 0·907

Intrapartum care 8·22 (1·44) 9·30 (1·61) 1·08 8·70 (1·87) 8·91 (1·50) 0·21 0·87 (–0·26 to 1·99) 0·1265

Human resources 8·43 (3·41) 9·57 (3·40) 1·14 8·48 (3·64) 9·35 (3·69) 0·87 0·26 (–1·30 to 1·83) 0·7386

Protocol and training 5·48 (1·90) 7·30 (1·15) 1·82 7·04 (0·98) 7·00(2·37) –0·04 1·87 (0·70 to 3·03) 0·0023*

Total (all categories) 66·43 (8·25) 72·43 (10·52) 6·00 66·78 (12·50) 71·00 (10·51) 4·22 1·78 (–1·95 to 5·51) 0·3539

Data are mean (SD, complexity index) by group allocation and period, unless otherwise stated. *The range of service available in each facility were assessed with an adapted 
version of the complexity index developed for the WHO Global Survey project in African countries.16 This index consists of eight categories refl ecting the: standard of building/
basic services, maternal intrapartum care and human resources; availability of general medical care, anaesthesiology, emergency obstetric services; and provision of screening 
tests and academic resources and clinical protocols. The original hospital complexity index was used by WHO in Latin America and Asia and adapted for use in Africa. We 
implemented minor adaptations to refl ect the context of Mali and Senegal. The maximum total score (all of the eight categories) in one hospital is 100.

Table 5: Secondary outcomes—hospital complexity index
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depending on the number of cases to be audited. Between 
six and 23 people per hospital (median 13 [IQR 9–19]) 
attended these meetings. Actions recommended by the 

audit committees to prevent maternal deaths varied 
considerably between centres and were context-specifi c. 
However, making organisa tional changes to improve 

 Intervention group Control group Adjusted OR 
(95% CI)

p

Baseline Year 4 Mean 
change

Baseline Year 4 Mean 
change

Blood transfusion (G) 2·82% (1220/43269) 3·12% (1644/52662) 0·30% 2·58% (1074/41655) 2·44% (1310/53581) –0·13% 1·44 (0·99 to 2·11) 0·0597*

Hospitals in capital 1·59% (327/20543) 0·97% (267/27615) –0·62% 1·19% (199/16704) 1·15% (266/23032) –0·04% 0·64 (0·41 to 1·00) 0·0502*

Regional hospitals 4·75% (632/13305) 6·94% (912/13135) 2·19% 4·74% (754/15906) 4·26% (788/18499) –0·48% 2·32 (1·52 to 3·55) <0·0001†

District hospitals 2·77% (261/9421) 3·90% (465/11912) 1·13% 1·34% (121/9045) 2·12% (256/12050) 0·79% 0·97 (0·62 to 1·53) 0·9022

Blood transfusion in patients with 
haemorrhage (L)

44·48% (1220/2743) 51·94% (1644/3165) 7·47% 43·36% (1074/2477) 45·66% (1310/2869) 2·30% 1·30 (1·10 to 1·52) 0·0017*

Hysterectomy (G) 0·29% (127/43269) 0·29% (152/52662) 0% 0·27% (114/41655) 0·21% (115/53581) –0·06% 1·39 (0·90 to 2·14) 0·1415

Hysterectomy in patients with 
haemorrhage (L)

4·63% (127/2743) 4·80% (152/3165) 0·17% 4·60% (114/2477) 4·01% (115/2869) –0·59% 1·34 (0·89 to 2·01) 0·1644

Transportation to another 
hospital (L)

0·17% (72/43269) 0·10% (53/52662) –0·07% 0·20% (83/41655) 0·07% (35/53581) –0·13% 1·81 (1·06 to 3·10) 0·0307

Transportation in patients with 
complication (L)

0·68% (72/10585) 0·39% (53/13599) –0·29% 0·20% (83/41655) 0·07% (35/53581) –0·13% 1·81 (1·06 to 3·10) 0·0307

Elective caesarean delivery (G) 2·13% (920/43269) 3·25% (1711/52662) 1·12% 2·29% (954/41655) 3·33% (1786/53581) 1·04% 0·92 (0·68 to 1·26) 0·6261 

Senegal 2·44% (571/23413) 3·06% (757/24742) 0·62% 3·03% (675/22274) 4·14% (970/23448) 1·11% 0·71 (0·44 to 1·14) 0·1578 

Mali 1·76% (349/19856) 3·42% (954/27920) 1·66% 1·44% (279/19381) 2·71% (816/30133) 1·27% 1·22 (0·94 to 1·58) 0·1276 

Emergency antepartum caesarean 
delivery (L)

3·76% (1627/43269) 4·28% (2256/52662) 0·52% 2·32% (966/41655) 2·07% (1110/53581) –0·25% 1·33 (1·19 to 1·50) <0·0001†

Emergency intrapartum caesarean 
delivery (L)

15·92% (6483/40722) 18·41% (8963/48695) 2·49% 13·26% (5268/39735) 17·62% (8931/50685) 4·36% 0·87 (0·82 to 0·92) <0·0001†

Senegal         

Hospitals in capital 10·78% (745/6914) 17·60% (1280/7273) 6·82% 9·72% (649/6677) 13·21% (884/6690) 3·49% 0·87 (0·75 to 1·02) 0·0936

Regional hospitals 21·02% (2072/9855) 19·15% (1818/9493) –1·87% 15·04% (1600/10635) 25·03% (2670/10667) 9·99% 0·45 (0·40 to 0·50) <0·0001†

District hospitals 6·65% (306/4599) 9·40% (506/5385) 2·75% 2·17% (75/3456) 4·50% (195/4332) 2·33% 0·59 (0·43 to 0·81) 0·0011*

Mali    

Hospitals in capital 14·40% (1778/12350) 14·80% (2718/18365) 0·40% 14·06% (1278/9087) 16·87% (2535/15029) 2·81% 0·93 (0·84 to 1·04) 0·2125

Regional hospitals 23·58% (586/2485) 41·77% (1013/2425) 18·19% 13·96% (610/4370) 16·75% (1090/6507) 2·79% 2·23 (1·87 to 2·67) <0·0001†

District hospitals 22·04% (996/4519) 28·24% (1628/5764) 6·20% 19·17% (1056/5510) 20·87% (1557/7460) 1·70% 1·25 (1·08 to 1·44) 0·0021*

Forceps/vacuum extraction (G) 2·26% (921/40722) 2·09% (1019/48695) –0·17% 2·15% (854/39735) 2·11% (1068/50685) –0·04% 0·95 (0·43 to 2·11) 0·904

Senegal 1·25% (279/22368) 2·24% (496/22151) 0·99% 1·76% (366/20768) 0·65% (142/21689) –1·11% 3·10 (1·85 to 5·20) <0·0001†

Mali 3·32% (642/19354) 1·97% (523/26544) –0·35% 2·57% (488/18967) 3·19% (926/28996) 0·62% 0.51 (0.16 - 1.59) 0·2460

Perinatal outcomes, % (n)‡    

Stillbirth (G) 9·39% (3883/41368) 8·40% (4238/50426) –0·99% 8·60% (3441/39992) 8·32% (4270/51324) –0·28% 1·05 (0·91 to 1·22) 0·4828

Neonatal mortality before 
24 h (L)

1·16% (434/37485) 0·97% (446/46188) –0·19% 0·90%  (332/36551) 1·07% (505/47054) 0·17% 0·74 (0·61 to 0·90) 0·0023*

Neonatal mortality after 24 h 
and before hospital discharge (L)

0·62% (232/37485) 0·40% (185/46188) –0·22 % 0·27% (99/36551) 0·21% (99/47054) –0·06% 0·88 (0·63 to 1·25) 0·4826

Hospitals in capital 0·44% (83/18894) 0·13% (33/25576) –0·31% 0·20% (31/15499) 0·18% (38/21140) –0·02% 0·24 (0·13 to 0·45) <0·0001†

Regional hospitals 1·00% (108/10757) 1·00% (107/10737) 0% 0·34% (45/13229) 0·18% (28/15600) –0·16% 2·36 (1·36 to 4·09) 0·0022*

District hospitals 0·52% (41/7834) 0·46% (45/9875) –0·06% 0·29% (23/7823) 0·32% (33/10314) 0·03% 0·81 (0·41 to 1·62) 0·5564

Data are % (n/N; crude hospital–based rates) by group allocation and period, unless otherwise stated. For medical practice and perinatal outcomes, (G) or (L) indicates which of the two alternative types of multivariable 
models were used to estimate the adjusted eff ect of the intervention on the specifi c outcome: (G) the results of the generalised estimating equations (GEE) model with exchangeable structure of the residual covariance 
matrix to take into account the clustering, are presented whenever the GEE model converged. (L) The logistic model was fi tted when the GEE model did not converge.  For both types of models, the intervention eff ect is 
shown as the adjusted odds ratio (OR; 95% CI). Adjusted ORs present the additional change in the odds for a given procedure (for practice outcomes) or for the risk of perinatal death, relative to the concurrent change 
(from year 1 to year 4) in the control group, adjusted for country, hospital type and hospital characteristics, patient characteristics, and birthweight (for perinatal outcomes). Overall eff ect is reported always; the subgroup–
specifi c eff ects are reported only if there is a signifi cant interaction with the corresponding stratifi cation variable (ie, country and/or hospital type). *p value between 0·001 and 0·003 (a marginally signifi cant eff ect). †In 
GEE models, p<0·05 is signifi cant, whereas p between 0·05 and 0·06 is considered a marginally signifi cant eff ect. †In logistic models, because of underestimated variance, only p<0·001 is considered signifi cant. ‡Perinatal 
outcomes were assessed for singletons only, excluding multiple pregnancies from the analyses. Adjusted OR=additional change in the odds ratio for a given procedure (for practice outcomes) or for the risk of perinatal 
death, relative to the concurrent change (from year 1 to year 4) in the control group, adjusted for country, hospital type and hospital characteristics, patient characteristics, and birthweight (for perinatal outcomes).

Table 6: Secondary outcomes—medical practice
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service availability and moni toring patients were the 
actions implemented most frequently during the 
intervention period. We observed no unintended eff ect of 
maternal death reviews, such as litigation or threats to 
personnel, in any of the hospitals. Additionally, the local 
trainers at each site organised in their own hospitals 
between four and eight training sessions in best practices 
during the intervention period, with the support of 
external facilitators. Between eight and 38 people per 
hospital (median 15 [IQR 10–21]) attended these sessions. 
The most recurrent topics were pre-eclamspia and 
manage ment of post-partum haemor rhage.

Discussion
Hospital-based maternal mortality was reduced by 15% 
in Mali and Senegal in the year after a multifaceted 
intervention that was implemented over a 2-year period 
to promote maternal death reviews and onsite training in 
emergency obstetric care. This eff ect was limited to 
capital and district hospitals.

This complex intervention was based on a combination 
of three potentially eff ective approaches for improving 
performance among health-care professionals: de-
veloping opinion leaders;19 undertaking educational, 
clinically-oriented, and evidence-based outreach visits 
focused on emergency obstetric care;20,21 and conducting 
clinical audits (maternal death reviews).22 Indeed, the 
signifi cant reduction of maternal mortality in the capital 
and district hospitals refl ects the combined eff ect of all 
the above components of the intervention. The lack of 
eff ect on stillbirth is not surprising because the 
intervention did not specifi cally target prenatal care, 
which is considered eff ective in reducing fetal intra-
uterine deaths.23 By contrast, the decrease in neonatal 
mortality before 24 h could be explained by the overall 
quality improvement in intrapartum care and changes 
in the mode of delivery.23,24 On the other hand, the eff ect 
of the intervention on neonatal mortality after 24 h 
varied considerably depending on the type of hospital. 
The likely reason is that other, possibly unmeasured 
neonatal and institutional variables, might have aff ected 
neonatal outcomes after the fi rst day of life. The 
sequence of activities during the 2-year intervention 
period was directed toward developing local leadership 
and em powering obstetric teams. Indeed, 22 of the 
23 inter vention hospitals planned regular meetings for 
maternal death reviews and all intervention hospitals 
provided regular onsite training on emergency obstetric 
care. Quarterly visits by a trained external facilitator and 
onsite training facilitated maternal death reviews by 
providing health care professionals with the knowledge 
and confi dence to make quality improvement sug-
gestions during the audit sessions. The intervention 
resulted in medical practice changes (increase in the 
probability of transfusions and antepartum caesareans 
for hypertensive complications), which are considered 
eff ective in reducing maternal mortality.3 Indeed, the 

intervention was particularly eff ective in reducing 
maternal deaths from haemorrhage and pre-eclampsia 
or eclampsia. The decrease in intrapartum caesarean 
deliveries could also have contributed to the improve-
ment of maternal outcomes, because this mode of 
delivery is associated with increased risks in mothers in 
Mali and Senegal.24 Although local leadership and 
ownership, as well as the nature and focus of recommen-
dations drawn up during maternal death reviews, varied 
considerably by hospital, concrete interventions were 
implemented compre hensively to improve the quality of 
care in all intervention hospitals. Organisational changes 
to im prove 24 h service availability and patient 
monitoring contributed most to improving emergency 
obstetric care and, as a consequence, to improving 
maternal outcomes. We also noted no unintended eff ect 
of the reviews, such as litigation or threats to personnel, 
in any of the hospitals.

This eff ect of the multifaceted intervention was limited 
to capital and district hospitals, which mainly acted as 
fi rst-level referral hospitals in this trial. The poor eff ect in 
second-level referral (regional) hospitals outside the 
capitals could be due to potential contamination bias. 
Indeed, during the period of this trial, international 
(bilateral cooperation) and governmental organisations 
implemented maternal death reviews and onsite training 
in four of the seven regional hospitals in the control 
group (appendix).

Comparing the eff ect of this intervention with other 
results in similar contexts is diffi  cult because of the 
lack of strong evidence (panel). Most papers on the 
eff ectiveness of training in emergency obstetric care 
describe positive reactions, increased knowledge and 
skills, and improved behaviour after training, but fail to 
show improved maternal outcomes.22 Observational or 
quasi-experimental studies in sub-Saharan countries on 
the eff ect of critical incident audits and feedback 
(including maternal death) suggested a decrease in 
hospital-based maternal mortality ranging from 27% to 
80%, but failed to control for concurrent reduction in 
mortality, refl ecting secular trends.8–12,25

This study is one of the largest trials on hospital-based 
maternal mortality in sub-Saharan Africa. The partici-
pant hospitals were representative of the existing health 
system in both countries, taking into account the various 
contexts and levels of care. The large database (around 
100 000 patients per year) and the system of data control 
we implemented in all participating hospitals allowed us 
to obtain reliable information on maternal outcomes.13 
Thus, this trial provides strong evidence to promote 
maternal death reviews and onsite training in referral 
hospitals in low-resource settings.

Potential limitations of this trial should be taken 
into account in interpreting our results. First, data are 
restricted to hospital-based maternal deaths; therefore, 
maternal mortality in the population cannot be inferred. 
We have no data for trends in deaths outside of hospital, 
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but the reduction in hospital-based deaths, especially the 
incremental reduction observed in the fi rst-level hos pitals 
in the intervention group, is unlikely to be ex plained by an 
increase in out-of-hospital deaths. Despite our eff orts to 
ascertain all maternal deaths, some eligible women with 
no data available could have died before discharge. Since 
the frequency of these women with no data was very low 
and twice as high in the control group (4·1% vs 2·1%), the 
assumption that none of these women died before 
discharge could not explain a signifi cant reduction of 
mortality in the intervention hospitals. Second, the 
QUARITE trial was a pragmatic cluster-randomised 
controlled trial in two countries with ongoing national 
programmes designed to reduce maternal mortality. The 
most relevant programmes that could potentially have had 
an eff ect on hospital-based maternal mortality and were 
implemented during this research were: the free caesarean 
section programmes launched in 2005 in Mali and 
Senegal to reduce the fi nancial barrier for caesarean 
deliveries (patients did not pay for surgery, supplies, or 
drugs); and the national maternity referral system 
launched in 2002 in Mali to improve the accessibility to 
emergency obstetric care services. The free caesarean 
section programme was implemented in all referral 
hospitals in Mali and all referral hospitals in Senegal, 
except in the capital (Dakar).26,27 Strengthening the referral 

system involved all referral hospitals in Mali.27 For these 
reasons, these co-interventions were balanced between 
the hospitals in the two allocation groups. This balance 
ensured that the incremental reduction of maternal 
mortality observed in the intervention group, relative to 
simultaneous changes in mortality in the control group, 
could not be attributed to concurrent implementation of 
the aforementioned programmes. Accordingly, such co-
interventions should not aff ect the results regarding the 
eff ectiveness of our multifaceted intervention. The activity 
related to data collection may also have had an impact on 
quality improvement and maternal outcomes in 
participating hospitals. However, this data collection eff ect 
was a priori similar in the two groups (intervention vs 
control). Finally, the variation in the implementation of 
the key components of the multifaceted intervention 
between participating hos pitals of the intervention group 
could have resulted in an underestimation of the real 
eff ectiveness of our multi faceted intervention. However, 
all those hospitals had educational outreach visits and 
regular onsite training, which are potentially eff ective 
interventions to improve the quality of care and, as a 
consequence, to improve maternal outcomes.20,21 Thus, we 
do not believe the heterogeneity among sites of ownership 
and adoption of the audit approach—ie, maternal death 
reviews—had an important role in underestimating the 
real eff ectiveness of this programme.

Facility-based maternal death reviews combined 
with educational outreach visits by a trained external 
facilitator are eff ective in reducing hospital-based 
maternal mortality in fi rst-level referral hospitals with 
high maternal mortality rates. This multifaceted inter-
vention was particularly eff ective at reducing maternal 
death from direct obstetric causes (antepartum or post-
partum haemorrhage, pre-eclampsia or eclampsia, and 
puerperal infection). The preventive strategies and treat-
ments for these complications are well known.3 Our 
educational programme facilitated the implementation 
of these best practices. Further studies are needed to 
determine whether the benefi ts of this intervention are 
generalisable to second-level referral hospitals.
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