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ABSTRACT

Introduction Maternal near miss (MNM) is a useful means
to examine quality of obstetric care. Since the introduction
of the WHO MNM criteria in 2011, it has been tested

and validated, and is being used globally. We sought to
systematically review all available studies using the WHO
MNM criteria to develop global and regional estimates

of MNM frequency and examine its application across
settings.

Methods We conducted a systematic review by
implementing a comprehensive literature search

from 2011 to 2018 in six databases with no language
restrictions. The predefined data collection tool included
sections on study characteristics, frequency of near-miss
cases and study quality. Meta-analysis was performed by
regional groupings. Reported adaptations, modifications
and remarks about application were extracted.

Results 7292 articles were screened by title and abstract,
and 264 articles were retrieved for full text review for the
meta-analysis. An additional 230 articles were screened
for experiences with application of the WHO MNM criteria.
Sixty studies with near-miss data from 56 countries were
included in the meta-analysis. The pooled global near-miss
estimate was 1.4% (95% Cl 0.4% to 2.5%) with regional
variation in MNM frequency. Of the 20 studies that made
adaptations to the criteria, 19 were from low-resource
settings where lab-based criteria were adapted due to
resource limitations.

Conclusions The WHO MNM criteria have enabled the
comparison of global and sub-national estimates of MNM
frequency. There has been good uptake in low-resource
countries but contextual adaptations are necessary.

BACKGROUND

During the last two decades, there has been
a substantial and worldwide reduction of
maternal mortality.' As maternal deaths
have dropped significantly over the past two
decades, measurement of maternal morbidity
is crucial to the ongoing elaboration of
the post-2015 Sustainable Development
Goals (SDGs). Studying maternal near miss
(MNM), women who nearly died but survived
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WHAT IS ALREADY KNOWN?

= In recent years, there has been growing interest
in the application of the maternal nearmiss (MNM)
concept as an adjunct to maternal mortality to im-
prove quality of care.

= -A previously conducted systematic review in 2012
on the prevalence of MNM found that there were
variations in the criteria used to identify MNM cas-
es and it was limited in its assessment of the WHO
MNM criteria as it was newly introduced.

WHAT ARE THE NEW FINDINGS?

= Using the WHO MNM criteria, the pooled glob-
al near-miss estimate was 1.4% (95% Cl 0.4% to
2.5%) and there was no substantial between-study
heterogeneity.

= In low-resource countries, the WHO MNM criteria
were modified and excluded a number of laboratory
tests and interventions due to resource constraints.

= The most commonly modified intervention was the
threshold for blood transfusion.

WHAT DO THE NEW FINDINGS IMPLY?

= The WHO MNM criteria have enabled standardised
case identification and allowed for the comparison
of global and subnational estimates of MNM fre-
quency and inform quality improvement efforts.

= There has been good uptake of the WHO MNM crite-
ria in low-resource settings.

= Due to resource constraints in low-resource set-
tings, there might be a need for local adaptation,
where appropriate.

a complication during pregnancy, childbirth
or post partum, is increasingly recognised as
a useful means to examine quality of obstetric
care.”

As the frequency of MNM cases at the
facility level are generally higher than
maternal deaths, a sufficient number of
cases can generate consistent and action-
able information to improve quality of care.
MNM also allows to facilities to work on cases
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with a survival outcome, enabling open discussions and
reducing the fear of blame. However, routine implemen-
tation and wider application of the near-miss approach
in reviewing clinical care has been limited due to the lack
of a standard definition and uniform case-identification
criteria. During the 1990s and early 2000s, there was a
multitude of operational definitions of MNM that made
it difficult to obtain overall estimates based on those
definitions.

In 2009, a World Health Organization (WHO) tech-
nical working group was established, and published an
identification criteria for near miss which aims to capture
standardised data that allows for comparability of the
quality of care between settings, geographical areas and
across time.

WHO has previously conducted two systematic reviews
in 2004 and 2012 to report on the prevalence of near
miss.* > The previous systematic reviews included all
available studies on near miss with an emphasis on the
different definitions of near miss and the criteria for
identification of the cases. The updated systematic review
in 2012 found that there were variations in the criteria
used to identify MNM cases especially in the literature
published before 2011.° Since 2011, the WHO NM criteria
have been tested and validated and therefore, the first
objective of our study was to determine the global and
regional frequency of MNM using studies that employed
the WHO MNM criteria. Our second objective was to
examine adaptions and modifications of the WHO MNM
criteria especially in resource- limited settings where the
uptake of the WHO MNM criteria has been high® and
the WHO has advocated for using context-relevant defi-
nitions in these settings.

METHODS

Systematic review and meta-analysis

Search strategy

We performed a literature search to identify peer-
reviewed articles published between 1 January 2011 and
31 December 2018. The databases that were searched
include: PubMed, Embase, Lilacs and Popline. We also
searched the following Regional Indexes Medici, coor-
dinated by each WHO Regional Office: African Index
Medicus, Index Medicus for Eastern Mediterranean
Region Western Pacific Region Index Medicus (Index
Medicus for South-East Asia Region. Reference lists
of the included articles were also reviewed in order to
further identify eligible studies . The search strategy in
table 1 reflects the main framework and key search terms.
The main framework of the search strategy was adapted
for each of the databases.

Selection criteria

Studies were eligible for inclusion for the meta-analysis
if they: (1) contained near-miss incidence or prevalence
data; (2) included data from 2011 onwards; (3) had a
sample size of 2200 subjects; (4) were published between

Table 1 Search strategy

1  WHO near miss.mp.

near miss.mp.

2 not 1

near miss*.mp.

exp Pregnancy Complications/
exp Pregnancy Outcome/

exp Maternal Mortality/

0 N OO o0 W DN

exp Maternal Health/
9 exp Maternal Health Services/
10 exp Postpartum Period/
11 exp Pregnancy/
12 exp Maternal Welfare/
13 (matern* or mother* or pregnan* or obstetric* or
postpartum or post-partum).mp.
14 50or6or7or8or9or10or11ori12ori3

1 January 2011 and 31 December 2018; and (5) used the
WHO MNM criteria. There were no language restrictions
in place. All authors reviewed publications in English.
Publications in Spanish and Portuguese were translated
in full by JPS and CLTR.

Data extraction
The titles and abstracts of all identified citations for the
meta-analysis were reviewed independently by at least two
assessors (CLTR, JPS or OT). Three reviewers (TF, CL
and CLTR) independently screened titles and abstracts of
the studies for the narrative review. Full text copies of any
studies that were considered to be potentially eligible for
inclusion by at least one assessor were retrieved. The full
text articles were assessed for inclusion independently
by two reviewers (CLTR and JPS), and any discrepancies
were resolved by discussion, or by consulting the third
reviewer (OT) if consensus could not be reached. The
reviewers were not blinded to the authorship or results
of the included studies. Any discrepancies were again
resolved by discussion, or by consulting the third reviewer.
Data were extracted from the full text articles inde-
pendently by two reviewers (CLTR and JPS), using a
predefined and piloted data collection form that was
initially developed for the 2012 review, and updated
accordingly for the current meta-analysis. Data were
extracted on the general study characteristics (eg,
study design, population, setting), and the prevalence/
incidence of MNM and the definition/identification
criteria used. The authors of the original studies were
contacted if additional information or clarification was
required. We adapted the National Institute of Health
(NIH) Quality Assessment Tool Observational Cohort
and Cross-Sectional Studies (https://www.nhlbi.nih.
gov/health-topics/study-quality-assessment-tools) for the
purposes of this study and rated studies as good, fair or
poor quality.
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Data analysis

The characteristics of each study were described, along
with the reported measures of MNM frequency. The inci-
dence or prevalence measures were calculated by dividing
the number of identified MNM cases by the number of
deliveries or live births (whichever was reported in the
study) that occurred during the study period. We aggre-
gated MNM incidence and prevalence to determine
frequency. NM frequency was reported as ranges and by
SDG regional groupings (https://unstats.un.org/sdgs/
report/2019/regional-groups/).

We performed a meta-analysis as we only included
studies that applied the WHO MNM criteria, and there-
fore, would not have variable definitions of near miss.
Estimates were reported as percentages with 95% Cls.
Between study heterogeneity was assessed using the &
statistic. All of the analyses were performed using STATA
V.16 (StataCorp).

Experiences with application of WHO NM criteria

We reviewed papers included in the meta-analysis to
understand the experiences with application by exam-
ining adaptions or modifications that were made to the
WHO MNM criteria. As we hypothesised that the WHO
MNM criteria would be highly used in low-resource
settings and possibly require contextual adaptations,
we conducted an additional search to identify further
papers from these settings. We defined low-resource
settings as low-income and lower-middle-income
countries as defined by the World Bank Country and
Lending Groups (https://datahelpdesk.worldbank.org/

knowledgebase/articles/906519-world-bank-country-
and-lending-groups). We searched the same databases as
the meta-analysis and used the same search terms as the
systematic review with the addition of ‘low’ and ‘lower
middle-income countries’. We handsearched references
of pertinent papers to identify further eligible papers. A
grey literature search using Google was also performed.

The methods section of each study was carefully
reviewed to determine whether adaptations or modifi-
cations were made to one or more aspects of the WHO
MNM criteria (severe maternal complications, crit-
ical interventions or intensive care unit (ICU) use and
life-threatening conditions). The discussion section of
studies was also reviewed for remarks on challenges to
applying the WHO MNM criteria in the study setting.
Data were extracted on general study characteristics (eg,
study design, setting and country) and adaptations made
to each aspect of the MNM criteria Relevant text on chal-
lenges to applicability were also extracted. The data are
reported in a narrative fashion.

Patient and public involvement
As this is a systematic review, there was no patient or
public involvement

RESULTS

A total of 7292 articles underwent initial screening by
title and abstract, 264 had a full text evaluation, and a
total of 60 studies met all of the criteria for inclusion
for the meta-analysis (figure 1).7% Four of these studies

PubMed Embase Lilacs

N=4815 N=2712 N=69

Popline AIM

N=210 N=852 N=38

WPRIM

N=8696

Citations from database search

1-January-2011 to 31-December-2018

Removal of identified
duplicate publications

N=7292

Initial screening of titles and abstracts to identify
unique citations

Citations excluded based on

review of title and/or abstract

N=264

Full texts assessed for eligibility

Studies excluded —did not

meet inclusion criteria

60 studies included in systematic review

Figure 1 Review and selection of articles.
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Table 2 Overview of near miss frequency and meta-
analysis by region

Near miss
frequency Near miss meta-analysis ES
(range) [95% CI]

Region [N=60 studies] [N= 57 studies]

Central and 1.67-120 0.022 [95% CI —-0.012 to 0.055]

Southern Asia

Eastern and South 2.1-12.7
Eastern Asia

Sub Saharan Africa 0.39-198.5

Latin Americaand 2.2-77.2
the Caribbean

0.006 [95% CI -0.090 to 0.102]

0.024 [95% CI —-0.004 to 0.052]
0.011 [95% CI -0.001 to 0.023]

Northern Africa 3.1-12.9 0.007 [95% CI -0.087 to 0.100]
and Western Asia

Oceania 4.8-25.4 0.016 [95% CI —0.093 to 0.126]
Europe and 47.9 0.048 [95% CI -0.031 to 0.127]

Northern America

were multi-country studies.'® 773955 The remaining 56
studies were from 24 countries, with 15 studies (27%)
from Sub-Saharan Africa, 3 studies (5%) from Northern
Africa and Western Asia, 15 studies (27%) from Central
and Southern Asia, 3 studies (5%) from Eastern and
South-Eastern Asia, 14 studies (25%) from Latin America
and the Caribbean, 5 studies (9%) from Oceania and
one study (2%) from Europe and Northern America.
Only four studies were from high-income countries and
19 studies were from upper-middle-income countries.
The majority were cross sectional studies (57%) and
all studies used data from facilities, mainly tertiary care
hospitals. Only 10 studies used deliveries as the denomi-
nator to report MNM rate while the other 50 studies used
live births as the denominator. Study characteristics are
detailed in online supplemental table SI. Seventy-three
percent of the studies were rated as good quality, 25%
were of fair quality and only one study (4%) was found to
be of poor quality (online supplemental table S2).

Table 2 summarizes the MNM frequencies and meta-
analysis results by region.

Near miss by SDG regional groupings

Online supplemental table 3 shows the near-miss ratios
in each region. Sub-Saharan Africa had the largest varia-
tion, with the lower near-miss ratio being 0.39/1000 live
births and the upper near-miss ratio being 198.5/ 1000
live births. Latin America and the Caribbean also had
a variable range, 2.2-77. 2/1000 live births. In Central
and Southern Asia, the near-miss ratio ranged from 1.67—
120/ 1000 live births. NM ratios in Eastern and South-
Eastern Asia (2.1-12.7/1000 live births) and Northern
Africa and Western Asia (3.1-12.9/ 1000 live births)
were similar. Studies from Oceania had a reported range
of 4.8-25.4/ 1000 live births. There was only one study
from Europe and Northern America, from the USA,
which had a near-miss rate of 47.9/ 1000 live births.” This
study specifically looked at a multi-ethnic population

3

and sought to determine differences in near-miss rates
between different ethnic groups.

Meta-analysis of near miss using WHO approach

Three studies were excluded from the meta-analysis.
Using the same approach as the 2012 review, two studies
were deemed to be outliers as the data points were
out of range when compared with other regional data
points.” ** One multicountry study was excluded because
we could not determine the data for individual countries
included in the study.”

The pooled near-miss estimate using the WHO criteria
was 1.4% (95% CI 0.4% to 2.5%). Confidence inter-
vals (CI) in the analysis were generally narrow (Online
supplemental table S4a). Our data do not show substan-
tial between-study heterogeneity (online supplemental
table S4b).

Regional meta-analysis found a pooled near-miss esti-
mate of 0.6% in Eastern and South-Eastern Asia, 0.7% in
Northern Africa and Western Asia, 1.1% in Latin America
and the Caribbean, 1.6% in Oceania, 2.2% in Central
and Southern Asia, 2.4% in sub-Saharan Africa and 4.8%
in Europe and Northern America.

Experiences of application of WHO NM criteria

In addition to reviewing each of the papers included in
the meta-analysis, we screened an additional 230 articles
for adaptations, modifications and remarks on applica-
tion of the WHO NM criteria. A total of 20 studies from
14 countries met our inclusion criteria of modifying or
adapting the WHO MNM criteria (online supplemental
table S5), 1317 23-25 30 48 44 49-52 54 60 64 6771

Fifteen studies from the meta-analysis included adapta-
tions to the WHO MNM criteria,'? 72325 30 43 44 49-52 5460 64
Fourteen of these studies were from low-resource settings
and only one study was from an upper-middle-income
country.'” The additional search yielded five more
papers, all of which were from low-resource settings.” "'

Twelve of the included studies were from sub-Saharan
Africa,!? 23 13 #5254 616771 e srudy each from Northern
Africa and Western Asia,50 three studies from Central and
Southern Asia,16 230 two studies from Eastern and South-
eastern Asia'” **and two studies from Oceania.**' All were
observational studies with one study being a population-
based study** and another being a mixed-methods
descriptive study.'® Almost all were set in tertiary, teaching
or referral hospitals. Five studies were set in district hospi-
tals'® ¥ 51 %70 i cluding one study which was set in rural
district hospitals.”” Two studies adapted the WHO MNM
criteria for use at the community level.'®**

At the level of tertiary or district hospitals, nine studies
expanded the criteria for severe maternal complica-
tions to include conditions such as obstructed labour,
uterine infection, complications of caesarean section and
malaria, 2 #3505400646768 71 po - studies included additional
criteria for life threatening conditions.™ **°" % Three of
these studies included anaemia but with varying defini-
tions.™ ** % The most commonly excluded laboratory
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criteria due to unavailability were lactate (10 studies), pH
(11 studies), arterial oxygen tension (pAOZ2)/fractional
inspired oxygen (FiO2) (10 studies), urine ketoacids (6
studies), creatinine (3 studies), bilirubin (four studies)
and platelets (1 study). Interventions excluded due to
unavailability were dialysis (five studies) and continuous
use of vasoactive drugs (six studies). The threshold for
blood transfusion was modified in 63% of the studies
(n=12).13 2 #ABL6TTL Ope study included all types of
blood products whereas one study modified it to >4 units,
four studies modified it to 23 units and 3 studies each
to =22 units and =1 unit, respectively.

The two studies that modified the WHO MNM criteria
for use in the community applied them at community
level birthing centres in Nepal'® and in villages in four
districts in Lao People’s Democratic Republic.** Both of
these studies predominantly used clinical markers for
organ dysfunction. The study from Nepal also expanded
the criteria for severe maternal complications to include
severe postpartum hemorrhage, placenta previa and
obstructed/prolonged labour.'

Although regional comparisons cannot not be made,
the Haydom criteria was used in two studies in Tanzania'”
and Rwanda,” and the Papua New Guinea (PNG)
criteria were used in the two studies from Oceania.* !
The Haydom criteria excluded six laboratory parameters
(PaO2/Fi02, creatinine, bilirubin, pH, lactate and urine
ketoacids) and two management interventions (vasoac-
tive drugs and dialysis). The PNG criteria only excluded
four laboratory parameters (PaO2/FiO2, pH, lactate and
urine ketoacids).

Fifteen studies made qualitative remarks about chal-
lenges, of which five studies”®”® did not make adapta-
tions to the MNM criteria. The most commonly cited
challenges were the absence of an ICU (four studies),
lack of laboratory testing (four studies) and unavail-
ability of blood products (two studies). Three studies also
commented on the applicability of the MNM criteria in
private facilities and lower level facilities due to limited
facilities, the need to separate MNM cases on arrival
hospital vs those that develop in the hospital setting and
a need for MNM criteria at the community level.

DISCUSSION

We have included 60 studies from 56 countries in this
meta-analysis with a pooled near-miss estimate using the
WHO MNM criteria of 1.4% (95% CI 0.4% to 2.5%).
We found that the near-miss rates differed between the
SDG regions, with sub-Saharan Africa having the largest
variation in range. While we expected a high degree of
heterogeneity between the studies given the observa-
tional nature of the included studies and the fact that the
studies were drawn from different hospital settings and
from numerous countries around the world, our analysis
of MNM rates by regional groupings did not find substan-
tial in between study heterogeneity.

While the utilisation of the WHO MNM approach
has increased over time, with 52.2% of papers on MNM
published in 2017 using this approach, the WHO MNM
criteria is predominantly used in low-resource coun-
tries.” Of the 60 studies we included in our review, only
4 studies were conducted in high-income countries
(USA, Australia and New Zealand) and 19 studies were
from upper-middle income countries. Of the 15 papers
from the meta-analysis that made adaptations to the
WHO MNM criteria, only one was from an upper middle
income country. We found that a number of adaptations
and modifications were made to the WHO MNM criteria
in low-resource settings, particularly to laboratory inves-
tigations. Interventions such as dialysis and the contin-
uous use of vasoactive drugs were excluded and almost
two-thirds of the studies reduced the threshold for blood
transfusion due to resource limitations. Our findings are
in keeping with other reviews which have also found that
the WHO MNM approach has mainly been used in Asian
and African countries and rarely in North American and
European countries.’

Our study builds on the 2012 WHO systematic review.’
At that time, a meta-analysis of near miss could not be
conducted because of the variety of identification criteria
and as the WHO MNM criteria was only newly intro-
duced, the previous review was limited in its assessment
of the WHO MNM criteria. To our knowledge, there is
one previous systematic review and meta-analysis that has
looked at the %lobal prevalence of MNM using the WHO
MNM criteria.”” Our study is more comprehensive in its
scope as it includes a larger number of studies and did
not have language or population restrictions while the
other review included 49 studies, English language only
and excluded studies that did not include a generalisable
population . The review had a similar weighted pooled
MNM prevalence (1.867% (95% CI 16.23% to 21.06%))
to ours but unlike us, the review found significant hetero-
geneity between studies in their regional analysis

Our paper is the first to bring together a meta-analysis
and an examination of applications across different
settings. We included a large number of papers in the
meta-analysis as we did not have language restrictions.
We analysed adaptations globally across all settings while
previously published literature have focused on adapta-
tions in sub-Saharan Africa only.”® As we hypothesised
that contextual adaptations to the WHO MNM criteria
would be needed in low-resource settings, we conducted
an additional search to capture more papers from these
settings to fully understand the types of adaptations that
are needed to operationalise the criteria with resource
limitations.

One of the limitations of our analysis is that the
denominators for MNM rate included both deliveries
and live births. Using deliveries instead of live births in
the denominator may result in underestimation of the
MNM frequency. We did not examine the variation in
the reported rates of MNM, which could also reflect
differences in monitoring and reporting due to different
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practices or patient populations.” We purposefully
included studies prior to the COVID-19 pandemic in
order to avoid bias from the impact of the pandemic on
maternal health outcomes. The COVID-19 pandemic has
had profound impact on healthcare systems and during
this time, global maternal and fetal outcomes have wors-
ened with an increase in maternal deaths and morbidity,
particularly in low-resource settings.”” MNM events could
be another key indicator to study the impact of the
pandemic.

As we continue to use MNM as an indicator to monitor
the quality of obstetric care, there is a need to be aware of
adaptations and modifications that are required in low-
resource settings and interpret data accordingly. Some
studies have also found that the application of the WHO
MNM tool in low-resource settings has resulted in under-
reporting of life-threatening events, which are felt to be
due to lack of blood for transfusion and lack of labora-
tory and diagnostic resources.*’ Although several of the
WHO MNM parameters may not be applicable to low-
resource settings, there is a lack of well-founded alterna-
tive parameters. In 2017, a Delphi consensus group was
convened to develop an adapted set of criteria for Sub-
Saharan Africa that focus more on clinical criteria rather
than lab parameters.* While we have not identified any
studies using this adapted tool, several studies have eval-
uated modified versions with a lower threshold for blood
transfusion in low-resource settings and have found that
lowering the threshold for blood transfusion leads to a
higher detection rate of MNM and can provide a more
consistent estimate of MNM incidence and mortality
index.”” ® Future directions could include integrating
the use of ICD codes into WHO MNM criteria to help
with standardisation, developing an integrative module
for poor-resource health facilities and assessing the spec-
ificity, sensitivity, and predictive value of these adapted
tools.

CONCLUSION

As countries progress through the stages of obstetric tran-
sition, and as maternal mortality decreases and women
increasingly deliver in facilities, tracking and evaluating
maternal morbidity, specifically, MNM is a necessary
step in improving the quality of care. Strategies toward
ending preventable maternal mortality (EPMM) and the
Every Newborn Action Plan have been important efforts
to set out agreed targets and priorities. These are now
also embedded in the Global Strategy for Women’s Chil-
dren’s and Adolescent’s Health, and have gained polit-
ical momentum in shaping national strategies. As part of
this strategy, one of the cross-cutting actions is to improve
metrics, measurement systems and data quality while one
of the five strategic objectives is to address all causes of
maternal mortality, reproductive and maternal morbid-
ities and related disabilities. The WHO MNM concept
(pragmatically or strictly defined) is useful to generate
actionable information at the health service level,

improve women’s delivery experiences and outcomes and
strengthenhealth systems. The WHO MNM criteria have
enabled standardised case identification and allowed for
the comparison of global and subnational estimates of
MNM frequency and inform quality improvement efforts.

There has been good uptake of the WHO MNM criteria
in low-resource settings but due to resource constraints
in low-resource settings, there might be a need for local
adaptation, where appropriate.
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