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Objective To describe the incidence and main causes of maternal near-miss events in middle-income countries using the World Health
Organization’s (WHO) maternal near-miss tool and to evaluate its applicability in these settings.

Methods We did a systematic review of studies on maternal near misses in middle-income countries published over 2009-2020. We
extracted data on number of live births, number of maternal near misses, major causes of maternal near miss and most frequent organ
dysfunction. We extracted, or calculated, the maternal near-miss ratio, maternal mortality ratio and mortality index. We also noted descriptions
of researchers’ experiences and modifications of the WHO tool for local use.

Findings We included 69 studies from 26 countries (12 lower-middle- and 14 upper-middle-income countries). Studies reported a total
of 50552 maternal near misses out of 10450482 live births. Median number of cases of maternal near miss per 1000 live births was 15.9
(interquartile range, IQR: 8.9-34.7) in lower-middle- and 7.8 (IQR: 5.0-9.6) in upper-middle-income countries, with considerable variation
between and within countries. The most frequent causes of near miss were obstetric haemorrhage in 19/40 studies in lower-middle-
income countries and hypertensive disorders in 15/29 studies in upper-middle-income countries. Around half the studies recommended
adaptations to the laboratory and management criteria to avoid underestimation of cases of near miss, as well as clearer guidance to avoid
different interpretations of the tool.

Conclusion In several countries, adaptations of the WHO near-miss tool to the local context were suggested, possibly hampering international
comparisons, but facilitating locally relevant audits to learn lessons.

Abstracts in S5 H13Z, Frangais, Pycckuii and Espafiol at the end of each article.

Introduction

Women are at risk of developing severe morbidity and mortal-
ity during pregnancy, childbirth and postpartum, especially
in low-income and middle-income countries where 99% of
all maternal deaths occur.! Improvement of maternal health is
urgently needed and one of the sustainable development goals
is to reduce the global maternal mortality ratio to less than 70
per 100000 live births by 2030.

In addition to maternal mortality, severe maternal mor-
bidity is used as an indicator of quality of maternity care.>*
Measuring and comparing outcomes of severe maternal mor-
bidity studies have been difficult because of the use of different
identification criteria.>® In 2009, the World Health Organization
(WHO) developed the maternal near-miss tool to introduce a
universal approach to comparing the quality of maternity care
between different countries.®'* Maternal near miss is defined by
WHO as “a woman who nearly died but survived a complication
that occurred during pregnancy, childbirth or within 42 days of
termination of pregnancy”*'” Maternal near miss occurs more
frequently than maternal death and by evaluating the condi-
tion, more robust lessons may be learnt about quality of care.>®

Several studies, however, have demonstrated difficulties
in applying the tool."""* Box 1 shows the WHO maternal near-
miss criteria for determining life-threatening conditions and
additional criteria for baseline assessment of quality of care.
Among the requirements to meet the various criteria of the

tool are: advanced laboratory diagnostic tests; large numbers of
units of blood in transfusion as the threshold to identify severe
haemorrhage; and intensive clinical monitoring. Some of these
requirements cannot easily be met in low-resource settings due
to limited diagnostic capacity and reduced options for medical
intervention in these settings, which may lead to underestima-
tion of the incidence of maternal near miss."”” Researchers in
sub-Saharan Africa have suggested adaptations of the maternal
near-miss tool for use in low-income countries.'*"> But even in
high-income countries, where sufficient resources should be
available, there has been discussion about what the appropriate
inclusion criteria for maternal near miss should be.'® Identifica-
tion of maternal near miss was found to be compromised by
incomplete documentation in the medical records to establish
whether maternal near-miss criteria were met.

Reports about the incidence of maternal near miss have
been published for several high- and low-income countries,
and the applicability of the WHO maternal near-miss tool has
been evaluated in several of these. However, data are lacking
about maternal near miss in middle-income countries. We
therefore made a systematic review of the incidence and main
causes of maternal near miss in middle-income countries. We
also aimed to evaluate qualitative findings documented by
researchers with regard to applicability of the tool and suggest
possible adaptations of the WHO maternal near-miss approach
for middle-income settings.
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Box 1.Inclusion criteria in the WHO near-miss approach for maternal health

Life-threatening conditions (near-miss criteria)

Cardiovascular dysfunction: shock; cardiac arrest (absence of pulse or heartbeat and loss of
consciousness); use of continuous vasoactive drugs; cardiopulmonary resuscitation; severe
hypoperfusion (lactate > 5 mmol/L or >45 mg/dL); severe acidosis (pH < 7.1)

Respiratory dysfunction: acute cyanosis; gasping; severe tachypnoea (respiratory rate
>40 breaths per minute); severe bradypnoea (respiratory rate <6 breaths per minute);
intubation and ventilation not related to anaesthesia; severe hypoxaemia (oxygen saturation
<90% for = 60 minutes or Pa0,/Fi0, < 200)

Renal dysfunction: oliguria non-responsive to fluids or diuretics; dialysis for acute renal
failure; severe acute azotaemia (creatinine > 300 umol/mL or > 3.5 mg/dL)

Coagulation or haematological dysfunction: failure to form clots; massive transfusion of blood
or red cells (> 5 units of blood); severe acute thrombocytopenia (< 50000 platelets/mL)

Hepatic dysfunction: jaundice in the presence of pre-eclampsia; severe acute

hyperbilirubinaemia (bilirubin > 100 umol/L or > 6.0 mg/dL)

- Neurological dysfunction: prolonged unconsciousness (lasting > 12 hours) or coma
(including metabolic coma); stroke; uncontrollable fits or status epilepticus; total paralysis

- Uterine dysfunction: uterine haemorrhage or infection leading to hysterectomy

Severe maternal complications (additional categories for baseline assessment of quality of care)

- Severe postpartum haemorrhage
- Severe pre-eclampsia

- Eclampsia

- Sepsis or severe systemic infection
+ Ruptured uterus

- Severe complications of abortion

Critical interventions or intensive care unit use (additional categories for baseline assessment

of quality of care)
- Admission to intensive care unit

- Interventional radiology

- Laparotomy (includes hysterectomy; excludes caesarean section)

- Use of blood products

Pa0,/Fi0,;: ratio of arterial oxygen partial pressure to fractional inspired oxygen; WHO: World Health

Organization.
Source: WHO, 2011.1°

Methods

We conducted the review according
to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
guideline,"” and registered with the
International Prospective Register of
Systematic Reviews (CRD42021232735).

Study selection

We performed a search of online data-
bases for articles on maternal near miss
in middle-income countries published
between 1 January 2009 and 12 Novem-
ber 2020 without language restrictions.
The earlier date was chosen since 2009
is the year when the WHO maternal
near-miss approach was first published.®’
Retrospective studies that used data from
before 2009 were included only if they
made use of the WHO definition for
maternal near miss.

We used the keywords “severe acute
maternal morbidity,” “maternal near

694

miss” and “middle income country.”
Since PubMed® does not provide medical
subject headings terms for country in-
come groups, we first determined which
countries were classified as middle-
income and inserted each country name
as a separate term in the search strategy.
The search was last run in November
2020 in the online databases PubMed®,
Embase®, Web of Science, Cochrane
Library, Emcare and Academic Search
Premier. In addition, we searched the
following regional databases: Index
Medicus for the Eastern Mediterranean
Region; Index Medicus for South-East
Asia Region, Latin America and the
Caribbean; African Index Medicus; Ind-
MED; and Global Health Library. More
details of the search strategy are in the
data repository.'®

We included studies that met all
four inclusion criteria: (i) articles about
maternal near miss as defined by WHO;
(ii) data on the incidence of maternal
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near miss per 1000 live births and the
main causes; (iii) describing countries
meeting the World Bank classification
for middle income;'**" and (iv) report-
ing the specific criteria used to identify
maternal near miss and experiences with
applying the WHO maternal near-miss
criteria, including possible modifications
of the WHO maternal near-miss tool for
local use. We included studies containing
multiple countries only if outcomes per
country could not be found elsewhere.
If multiple studies published data on the
same country, all of them were reviewed
and included. We used the World Bank
classifications by gross national income
per capita to determine country income
groups.'”* As the classification of several
countries changed over the search dates,
we included studies if countries were
middle-income in the year of publica-
tion, as classified by the World Bank at
that time.

We excluded studies that: (i) did not
apply WHO maternal near miss defini-
tions; (ii) only focused on one specific
disease or risk factor without provid-
ing overall data on maternal near miss;
(iii) were comments, abstracts, second-
ary analysis or surveys of existing studies;
(iv) only focused on neonatal outcomes;
or (v) only described the process of
health care or methods of identifying
maternal near miss without providing
incidence or most frequent causes, and
without providing qualitative findings
with regard to applicability and adapta-
tions of the tool.

Two independent researchers
screened all citations initially for rel-
evance based on title and abstract and
selected studies for inclusion after read-
ing the full-text papers. Disagreements
were resolved in a discussion between
these two reviewers to reach a consensus.
In case no consensus could be reached,
the reviewers consulted a third researcher
to reach an agreement on inclusion of
articles.

Data extraction

We extracted data on the number of live
births, number of cases of maternal near
miss and number of maternal deaths.
Where available, we noted the follow-
ing indicators: maternal near-miss ratio
(number of cases of maternal near miss
per 1000 live births), maternal mortality
ratio (number of maternal deaths per
100000 live births), ratio of maternal
near miss to maternal death (number of
cases of maternal near miss + the number
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of maternal deaths) and mortality index
[number of maternal deaths+ (number
of cases of maternal near miss + number
of maternal deaths) x 100]. If indicators
were missing for any study, we calculated
the values from the available data. We
also extracted data on the most frequent
organ dysfunction and the most frequent
cause of maternal near miss. When
studies included qualitative comments
on the methods of using the WHO ma-
ternal near-miss approach, we noted any
modifications to the WHO tool applied
in the studies and any problems reported
by the study researchers. When articles
described the use of multiple methods to
identify maternal near miss, we only re-
ported data concerning use of the WHO
maternal near-miss tool.

Data analysis

We subdivided the countries for analysis
into lower-middle income and upper-
middle income according to the World
Bank categories.'”?* We report the
number of studies and the frequency
of causes of near miss as numbers and
percentages. We calculated the median
values and interquartile range (IQR) of
the maternal indicators if the data were
not normally distributed. We performed
statistical analysis using SPSS version
24.0 (IBM Corp., Armonk, United States
of America).

We estimated risk of bias in indi-
vidual studies by quality assessment of
studies. Studies were considered to be
of acceptable quality if: (i) there was a
clear description of the study population
with a minimum of 100 live births over a
period of at least 3 months; (ii) new cases
of maternal near miss were identified in
daily audits or rounds by trained medical
staff; and (iii) the setting was an entire
hospital rather than only one intensive
care unit. The two reviewers who selected
the studies did the quality assessment.
We amended the Newcastle-Ottawa
scale” for this study by coding the item
Selection of the non-exposed cohort
as not applicable (NA). The maximum
quality score was therefore 8 instead of
the original score 9 in the Newcastle-Ot-
tawa Scale; more details are in the data
repository.'®

Ethical approval

Ethical approvals were obtained from
the Health Research Ethics Committee
(HREC), Faculty of Health Sciences, Stel-
lenbosch University, on 3 October 2018
(Project ID: 1427, HREC Reference #:
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Fig. 1. Flowchart of studies included in the systematic review of maternal near miss in

middle-income countries

627 records identified,
through searching PubMed®

369 records identified
through other searches

l l

996 records screened

\

>

23 duplicates removed

973 titles and abstracts screened

\/

> 835 records excluded

138 full-text articles assessed for eligibility

76 articles excluded:
« 39 articles did not use WHO criteria for
near miss

\/

\/

« 7 articles did not use clear criteria for
near miss

« 14 articles were secondary analyses

« 11 articles had no extractable data

62 articles included in review

« 5articles unvailable as full text

$18/02/023) and from the Provincial
Health Authority, the chief executive of-
ficer of Tygerberg Hospital and the heads
of respective departments.

Results

The search resulted in 996 records. After
removal of duplicates, we screened 973
articles based on title and abstract, after
which 138 articles were retrieved for full-
text evaluation. Of these, we excluded 76
articles (39 of which did not apply the
WHO maternal near-miss tool; Fig. 1).
For the final review we included 62
articles.”* Our quality assessment of
the articles showed the following scores:
eight articles with score 4; 15 articles with
score 5; 26 articles with score 6 and 13 ar-
ticles with score 7. No articles described
possible missing data in the follow-up
period which resulted in none of the
articles having a maximum score of 8.
The included articles reported data
from 69 studies in 26 countries (12
lower-middle-income countries and 14
upper-middle-income countries). Two
of the articles®® presented data on
multiple countries. Of the 69 studies,
40 (58%) were done in lower-middle-
income countries and 29 (42%) in
upper-middle-income countries. Half
(35 studies) of them, were conducted in
one or more tertiary health-care facility.
General descriptions of the studies and
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differences in methods are summarized
in Table 1 (available at: https://www.who
.int/ publications/journals/bulletin/).
Four retrospective studies described data
from before 2009 using the WHO defini-
tion for maternal near miss.>**>*

Incidence

The incidence and causes of maternal
near miss in middle-income countries are
presented in Table 2. The studies reported
a total of 50 552 maternal near misses out
of the total live births of 10450 482. Over-
all, the median maternal near-miss ratio
in these middle-income countries was
9.6 per 1000 live births (IQR: 7.0-23.3).
In lower-middle-income countries the
median maternal near-miss ratio was
15.9 per 1000 live births (IQR: 8.9-34.7),
ranging from 4.0 in an Indian govern-
ment tertiary care centre’ to 198.0 in a
private tertiary care centre in Nigeria.*®
For upper-middle-income countries, the
median maternal near-miss ratio was 7.8
per 1000 live births (IQR: 5.0-9.6), rang-
ing from 2.2 in two Malaysian tertiary
hospitals® to 54.8 in Brazil.**

Studies reported a total of 2917
maternal deaths. The median maternal
mortality ratio for all middle-income
countries was 163 per 100000 live births
(IQR: 52-367), with a median of 306 per
100000 live births (IQR: 162-666) in
lower-middle-income countries versus
62 per 100000 live births (IQR: 9-105)
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in upper-middle-income countries.
The median mortality index in middle-
income countries was 13.5% (IQR:
8.4-24.0%), ranging from 15.8% (IQR:
9.0-28.5%) for lower-middle-income
countries to 10.7% (IQR: 7.3-15.4%) for
upper-middle-income countries.

Causes

Hypertensive disorders of pregnancy and
obstetric haemorrhage were the com-
monest causes of maternal near miss. In
the lower-middle-income countries, the
most frequent cause of near misses was
haemorrhage (including reported severe
postpartum haemorrhage, obstetric
haemorrhage, postpartum haemorrhage,
haemorrhage and placenta praevia),
reported in 18 out of 40 studies (45%)
from 10 countries. Hypertensive disor-
ders of pregnancy (including severe pre-
eclampsia and eclampsia) were the cause
of near miss in 15 studies (38%) from four
countries. In the upper-middle-income
countries, hypertensive disorders of
pregnancy were the commonest cause of
maternal near miss in 15 out of 29 stud-
ies (52%) from six countries. Obstetric
haemorrhage was reported as the com-
monest cause in eight studies (29%) from
seven countries. In both lower-middle-
and upper-middle-income countries,
the main identified organ failure was
coagulation or haematological dysfunc-
tion (which included haemorrhage
with a minimum of 5 units of blood for
transfusion and a platelet count < 50 000
platelets/mL). Cardiovascular organ
dysfunction (shock, cardiac arrest) was
the second most common organ failure.

Adaptations

Adaptations to the maternal near-miss
tool were suggested in 33 out of 69 (48%)
studies. These modifications and diffi-
culties in applying the WHO maternal
near-miss tool are described in Table 3.
Seven studies recommended reducing
the threshold for defining major haemor-
rhage from 5 units of blood required for
transfusion to 4 units,’®* 3 units*>***! or
even 2 units,”>* to account for limited
availability of blood. Other additions to
the maternal near-miss tool suggested by
researchers were: a definition of shock
and sepsis (obstetric and non-obstetric);
estimation of blood loss; bedside clotting
time; severe anaemia; use of vasoactive
drugs; assessing keto-acids in urine; and
application of an oxygen face mask. In
five studies, researchers recommended
inclusion of admission to an intensive

care unit as a criterion.’>*****»> More-
over, additional diagnoses to the current
six life-threatening conditions criteria
were advised, such as: placental abrup-
tion; medical and surgical disorders;
diabetic keto-acidosis; acute collapse or
thromboembolism; and non-pregnancy-
related infections.”?%444

Some studies reported problems
with applying the tool, including under-
estimation of maternal near miss by using
only criteria based on organ dysfunc-
tion;*** and difficulties with identify-
ing women with near miss because the
necessary equipment and facilities were
unavailabile' or due to time pressure in
clinical emergencies.*® Researchers also
reported that difficulties with categori-
zation of the WHO maternal near-miss
criteria and different interpretations
of the tool would make comparisons
problematic.”

Discussion

The WHO maternal near-miss tool
facilitated evaluation of the maternal
near-miss ratio in 26 middle-income
countries. The main reported causes of
maternal near miss were hypertensive
disorders in pregnancy and obstetric
haemorrhage. The maternal near-miss
ratios were considerably higher in lower-
middle- than upper-middle-income
countries (median: 15.9 versus 7.8 per
1000 live births). This finding is not un-
expected due to differences in countries’
resources, but is an important finding
about the validity of the maternal near-
miss approach. Lower-middle-income
countries also had considerably higher
maternal mortality ratios and mortal-
ity indices than upper-middle-income
countries.

The median maternal near-miss
ratios per 1000 live births in middle-
income countries in our study were
higher than those in previous studies of
high-income countries (for example, 1.8
in Ireland and 2.0 in Italy)*>*¢ and lower
than those in low-income countries (for
example, 17.0 in Ethiopia, 88.6 in Somalia
and 23.6 in United Republic of Tanza-
nia).>*% These differences might in part
be explained by differences in quality of
care, reflected by the mortality index,
where the higher the index, the more
women with life-threatening conditions
die. Comparisons of maternal near-miss
ratios and sharing lessons learnt from
audits in different regions or countries
might benefit maternal health worldwide.
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Monitoring maternal near misses
and maternal deaths showed differences
not only among middle-income coun-
tries but also across different settings of
the same countries. Differences between
rich and poor or urban versus rural
populations are often large in middle-
income countries. Outcomes will differ
depending on the quality of care and
socioeconomic circumstances in differ-
ent regions.'**

Adaptations to the WHO maternal
near-miss tool have previously been
considered for high- and low-income
countries."*'* We found that various
adaptations of the WHO tool were also
suggested by researchers in middle-
income countries, depending on the
setting. Adaptation of the tool hampers
comparisons across different settings, but
may sometimes be necessary to prevent
under-reporting of severe morbidity.
Several of the included studies recom-
mended reducing the threshold for defin-
ing major haemorrhage, or making addi-
tions to the WHO criteria. Researchers
in our study mentioned the limitations
of under-reporting maternal near miss
using the current WHO criteria based
on organ dysfunction. These limitations,
however, have also been reported in both
low- and high-income countries.'>'>!>1¢
While some studies limited the organ-
dysfunction criteria only to life-threat-
ening conditions, other studies added
up to six diagnoses of severe maternal
complications or critical interventions
from the list of WHO criteria in Box 1.
Moreover, in the original search, we had
to exclude 39 studies applying different
criteria that were too far from the original
WHO criteria and seven studies whose
criteria were unclear.

The issues mentioned above show
that the maternal near-miss tool is helpful
in recognizing severe morbidity, but may
benefit from adaptations to be locally
applicable. The major aim of the tool is
that lessons for clinical care are drawn.
Only including cases of maternal near
miss that occur in tertiary level hospitals
does not provide a comprehensive pic-
ture of maternal near miss in a country.
Especially in middle-income countries,
differences in quality of care in facili-
ties are large between richer and poorer
populations, those living in urban versus
rural areas and those using public versus
private facilities.*” The WHO criteria can
be seen as a package of minimum criteria
that should be in place to provide ap-
propriate care. These minimum criteria
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Table 3. Difficulties reported and modifications applied to the World Health Organization maternal near-miss tool in middle-income countries

Modifications applied in study

Comments and problems reported by study researchers

Addition of items to clinical criteria (severe pre-
eclampsia; eclampsia)?
Addition of item to laboratory criteria (sepsis)®
Addition of item to management criteria
(intensive care unit admission)

NA

Simplified modification of WHO tool for use in the
community*

Omission of markers from laboratory criteria (pH;
Pa0,/Fi0,)
Lowering threshold for use of blood products to 2
units of blood

NA

Addition of item to clinical criteria (anaemia)¢

Omission of markers from laboratory criteria (pH;
lactate; glucose and keto-acids in urine; PaO,/FiO,)
Lowering threshold for use of blood products to 3
units of blood
Addition of criteria (continuous use of vasoactive
drugs; intensive care unit admission)

NA

NA

Addition of items to clinical criteria (haemorrhage;
hypertensive disorders; abortion; sepsis)
Addition of items to management criteria
(intensive care unit admission)
Addition of definitions of critical interventions
(emergency postpartum hysterectomy;
immediate blood transfusion)

NA

NA

Not modified (researchers reported the tool was
applicable in this setting)

Author Setting

Lower-middle-income countries

Kaur et al,, India,

2014% Himachal
Pradesh

Kushwahetal, India,

2014% Madhya
Pradesh

Luexay et al,, Lao People's

2014° Democratic
Republic

Pandey etal,, India

2014%

Sangeetaetal, India

20157

Kulkarni et al, India,

2016 Maharashtra

Parmar et al,, Papua New

2016 Guinea

Parmar et al,, India

2016

Bolnga et al., Papua New

2017¢% Guinea

Panda et al,, India, Odisha

2018*

El Agwany, Egypt

2019%

Gabbur et al,, India,

2019 Karnataka

Herklots et al., United

2019% Republic of
Tanzania,
Zanzibar

Jayaratnamet  Timor-Leste

al, 2019”

700

Not modified

NA

Maximum units of blood available in study institute were 3 units as
blood bank was not well supplied. Researchers believed that WHO's
criterion of receiving 5 or more units of blood was less applicable in
a resource-poor institute.
Researchers concluded that maternal near misses could have been
underestimated by application of the WHO definition of maternal
near miss, which relies on good laboratory and management-based
criteria. Adaptation of near-miss criteria for low-resource settings
may benefit lower-middle-incowme countries where health
services are also poorly resourced.

NA

Researchers concluded that in low-resource settings, interventions
need to be developed with the local context in mind.
NA

Data collection in accordance with WHO maternal near-miss
guidelines, adjusted for local factors, is possible in a busy maternity
unit in a resource-poor setting. Researchers concluded that

such data have the potential to improve early detection of life-
threatening conditions and hence obstetric outcomes.

Researchers noted that the WHO classification was remarkable
for identifying the most serious cases with higher risk of death.
However, the WHO classification showed a high threshold for
detection of maternal near miss. Researchers therefore concluded
that the method was missing a significant proportion of women
with conditions such as pre-eclampsia and eclampsia.
Papua New Guinea's resource-poor setting lacks the capacity to
perform some of the WHO-recommended laboratory investigations
such as pH and lactate. Researchers noted that use of locally
relevant criteria was also important to avoid underestimation of the
true burden of maternal near miss as previously reported in other
resource-poor settings.

NA

Researchers could not apply the criteria due to lack of resources.

Researchers concluded that modification of the WHO tool is
required as currently it leads to underestimation of maternal near
miss.

Conclusions about maternal near miss are dependent on the
quality of data and challenges to this should be acknowledged.
Researchers recommended adhering to the WHO criteria (adjusted
to specific settings as needed) to enable meaningful comparison
between similar reference populations.

Determining a clear diagnosis in a woman with maternal near
miss is difficult due to presence of multiple symptoms, lack of
diagnostics due to fast deterioration of the woman and lack of
laboratory-based markers. Researchers concluded that maternal
near-miss criteria must be modified to the local context to
enhance incorporation of cases (e.g. requiring lower transfusion
requirements) in future studies.

(continues. . .)
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Author Setting Modifications applied in study Comments and problems reported by study researchers

Oppongetal,  Ghana Addition to definition of coagulation in organ Organ system-based criteria are regarded as the most specific

2019 dysfunction criteria (bedside clotting time of means of identifying maternal near miss. However, researchers

>7 mins) argued that these criteria require ready availability of laboratory

tests and medical technologies, thus impeding their use in many
low-resource local settings.

Owolabietal,  Kenya Adjustments were: lowering threshold for use Kenyan method yielded 1.4 times the numbers of maternal near

2020” of blood products to 2 units of blood (Kenyan miss than the WHO method. Researchers concluded that there is

Upper middle-income countries

Morse et al,,
20112

Lotufo etal,
2012%

Shen et al.,
2013%

Naderi et al.,
2015%

Oliveira & Da
Costa, 20157

Soma-Pillay et
al, 2015%

Ghazivakili et

al, 2016

Mohammadi et
al, 2016

Brazil, Rio de
Janeiro

Brazil, Sdo
Paulo State

China

Islamic
Republic of
Iran

Brazil,
Pernambuco

South Africa

Islamic
Republic of
Iran

Islamic
Republic of
Iran

method)
Addition of items (laparotomy; definition of shock;
treatment with oxygen face mask)

NA

NA

NA

Beside the collection of data on life-threatening
disease, researchers added a form based on a
published method.” Four groups were added
to the form (haemorrhagic; hypertensive;
management; and systemic disorders)

NA

NA

NA

Lowering threshold for use of blood products to 4
units of blood

Increasing threshold for platelets to < 75000 per
mL

Addition of items to laboratory criteria

(rapid reduction of >4 g/dL in haemoglobin
concentration)

Bull World Health Organ 2021;99:693-707F | doi: http://dx.doi.org/10.2471/BLT.21.285945

under-reporting using the WHO maternal near-miss method.

As bed availability and intensive care unit admission criteria are
not the same, researchers noted that use of intensive care unit
admission as a marker is questionable because it is affected by
level of complexity of care in a health setting and organization of
obstetric care.
Researchers reported no difficulties in using and identifying the
WHO criteria, with the exception of certain clinical criteria (e.g.
gasping, cyanosis and bedside clotting tests) which generally
occurred before starting complex care in the intensive care unit.
The study applied 16 of the 25 WHO criteria. Researchers noted that
some women in their study received blood transfusion of <5 units
or intubation related to anaesthesia and therefore did not meet
the WHO criteria. Women with pre-eclampsia without jaundice
and loss of consciousness for < 12 hours were not included in the
WHO clinical criteria group. In the laboratory-based group, women
with maternal near miss were differentiated by oxygen saturation,
blood creatinine level, platelet count and total bilirubin. Researchers
reported it was impossible to always obtain blood pH or lactate
level, because these parameters were not routinely checked in their
institute.

NA

Mechanical ventilation was required in less than one quarter of
cases of maternal near miss. Researchers noted that this finding
may be attributed to local differences in accessibility of resources
and interventions. It is one of the drawbacks of criteria based only
on treatment because a more complex hospital and laboratory
structure is required.
The WHO tool identified five potentially life-threatening conditions:
severe postpartum haemorrhage; severe pre-eclampsia; eclampsia;
sepsis or severe infection; and ruptured uterus. Researchers noted
that conditions such as abruptio placentae, non-obstetric infections
and medical and surgical disorders were also important causes
of maternal morbidity. Researchers recommended that the WHO
tool should expand the categories of potentially life-threatening
conditions.
Researchers noted that a limitation of the WHO tool is that
application of criteria based on organ failure requires relatively
sophisticated laboratory and clinical monitoring. Underestimating
occurrence of maternal near miss due to lack of equipment or
unavailability of some tests is therefore possible.

NA

(continues. . .)
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Author Setting Modifications applied in study Comments and problems reported by study researchers
Norhayati etal,  Malaysia NA Researchers noted that use of the WHO criteria was limited in
2016” smaller health facilities. Laboratory-based markers (e.g. pH, PaO,,
lactate) and management-based markers (e.g. vasoactive drugs
and hysterectomy) were less likely to be applicable in these health
facilities.
Akrawi et al., Iraq Lowering threshold for use of blood products to 3 NA
20174 units of blood
Addition of item to management criteria
(admission to close observation care unit
> 6 hours)
Addition of items to clinical criteria (prolonged
labour;¢ anaemia)’
lwuh et al,, South Africa Addition of items to definition of severe NA
2018* maternal complications (acute collapse or
thromboembolism; non-pregnancy-related
infections; medical or surgical disorders)
Oliveira Neto et Brazil, Sdo NA Researchers noted that arterial blood gas sampling was not
al, 2018” Paulo State routinely collected in all pregnant or postpartum patients admitted
to the intensive care unit. PaO, records were missing in some
cases of maternal near miss. When evaluation of the level of
consciousness by the Glasgow coma scale was compromised (due
to residual effects of anaesthetics in the postoperative period, or by
the use of continuous sedation), the Glasgow coma score of 15 was
used as a criterion.
Management criteria and not laboratory criteria would be useful to
identify severe maternal outcome because they are more related
to organ failure. Researchers noted that arterial blood gas sampling
was not routinely collected in all pregnant or postpartum patients
admitted to the intensive care unit. PaO, records were missing in
some cases of maternal near miss. When evaluation of the level of
consciousness by the Glasgow coma scale was compromised (due
to residual effects of anaesthetics in the postoperative period, or
by the use of continuous sedation), the Glasgow coma score of 15
was used as a criterion. For the variable use of vasoactive drugs,
researchers noted that WHO does not establish any other criteria
for stratification of severity (e.g. blood pressure levels or whether
vasodilator or vasoconstrictor drug used) which could be useful for
this purpose. Researchers argue that these issues should be better
addressed and possibly changed.
Delimaetal,  Brazl, Researchers noted that intensive care unit Researchers noted that, in contrast to laboratory and management
2019* Alagoas admission was not included in the WHO criteria criteria, clinical criteria are important for low-income regions,
but was an important marker of maternal severity ~ because no complex laboratory and hospital infrastructures are
in their study (identified in 94.5% of pregnant required. Limitations of laboratory and management criteria are
women) that most of these criteria require high-complexity units, wards,
equipment or facilities for their use. Women experiencing near miss
may therefore be missed. Lowering the numbers of packed red
blood cell units or including disease-based criteria was necessary in
low-resource settings to classify women as near miss.
Muetal,2019”  China NA Lack of high-quality medical institutions in rural areas is a problem
for maternal health. In recent years, China has strengthened
management of women with severe complications so that they
must give birth in tertiary hospitals. The researchers argued that
the lack of tertiary hospitals in rural areas will affect accessibility of
pregnant women to high-quality health care.
Heemelaar et Namibia Adapted tool for middle-income countries The researchers noted the limited availability of laboratory tests
al,, 2020% Lowering threshold for use of blood productsto4  and management options resulting in under-reporting of maternal
units of blood near miss.
Addition of criteria (laparotomy other than
caesarean section or ectopic; pregnancy < 12
weeks)
Addition of items to clinical criteria (eclampsia;
uterine rupture; non-obstetric sepsis)
Verschuerenet  Suriname Evaluation of the WHO maternal near-miss tool The researchers concluded that the WHO tool leads to
al, 2020% by comparing the Suriname obstetric surveillance  underestimation of the prevalence of severe complications as the
system with WHO maternal near miss, Namibian tool does not include certain disease-based conditions.
and sub-Saharan African tools, to identify the
most useful method
(continues. . .)
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Author Setting Modifications applied in study Comments and problems reported by study researchers
Multiple countries
De Mucioetal,  Colombia, Omission of items from laboratory criteria NA
2016% Dominican (glucose and keto-acids in urine)
Republic, Lowering the threshold for use of blood products
Ecuador, to 3 units of blood
Honduras,
Nicaragua,
Paraguay,
Peru

NA: not applicable; PaO,: oxygen arterial pressure; PaO,/FiO,: ratio of arterial oxygen partial pressure to fractional inspired oxygen; WHO: World Health Organization.
¢ Severe pre-eclampsia (blood pressure of 170/110 mmHg measured twice); proteinuria of 5 g or more in 24 hours; and HELLP syndrome (haemolysis, elevated liver
enzymes and low platelets) or pulmonary oedema or jaundice or eclampsia (generalized fits without previous history of epilepsy) or uncontrollable fits due to any

other reason.

® Sepsis or severe systemic infection, fever (> 38 °C), confirmed or suspected infection (e.g. chorioamnionitis, septic abortion, endometritis, pneumonia), and at least
one of the following: heart rate > 90 beats per minute, respiration rate > 20 breaths per minute, leukopenia (white blood cells <4000/pL), leukocytosis (white blood

cells > 12000/uL).

¢ See the supplementary files of the original article for the complete list.*'
4 Anaemia was defined by the researchers as haemoglobin level of <60 g/L or clinical signs of severe anaemia without acute haemorrhage.
¢ Abnormal or difficult childbirth or labour for more than 24 hours.

" Low haemoglobin level (<6 g/dL) or clinical signs of severe anaemia in women without severe haemorrhage.

Note: See Box 1 for the WHO inclusion criteria.

may create an incentive for countries to
upgrade their diagnostic and therapeutic
capacity to improve health equity.

A limitation of our study is that
small differences in methods of identi-
fication of maternal near miss between
countries could result in major differ-
ences in outcomes. Moreover, we had
to exclude a considerable proportion
of studies that used different criteria
to identify maternal near miss. This
underlines the complexity of the chal-
lenge when aiming to compare maternal
near miss across different countries and
settings. An additional list of diagnoses
would be a valuable contribution to re-
flect actual health problems in different
settings.””*****> This issue was also dis-
cussed in a study published by our team
after this search in 2021.” Our search
was performed without any language

restriction and in large databases, but it
is still possible that the search may have
missed studies.

A strength of our study was the
relatively large number of publications
that allowed us to obtain a comprehen-
sive overview of maternal near miss in
middle-income countries and to make
robust comparisons between different re-
gions and countries. We only report data
about maternal near miss from 26 of the
world’s 105 middle-income countries. We
excluded some studies of near miss from
our review because they used different
criteria from the WHO near-miss criteria
or did not clearly report the criteria used.
Nevertheless, the countries analysed here
reported large numbers of live births as
denominator populations, providing
a relatively robust and comprehensive
overview of maternal near-miss ratios.

We found multiple studies for Brazil and
India, with India showing a particularly
broad range of outcomes. These data for
India reflect the large differences within
this large country, indicating that smaller
studies might not be representative for
the entire territory.’'

We conclude that instead of adapt-
ing the WHO maternal near-miss tool,
the foremost important aim of the tool
should be to improve the quality of
maternity care from lessons learnt by
performing audits of cases of maternal
near miss. l
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Résumé

Mortalité maternelle: déces évités de justesse dans les pays a moyen revenu, revue systématique

Objectif Déterminer le taux d'incidence et les principales causes a
l'origine des déces maternels évités de justesse dans les pays a moyen
revenu en utilisant I'outil mis au point par I'Organisation mondiale de la
Santé (OMS), et évaluer son applicabilité dans ce contexte.
Méthodes Nous avons procédé a une revue systématique des études
portant surles déces maternels évités de justesse dans les pays a moyen
revenu, et publiées entre 2009 et 2020. Nous avons extrait des données
relatives au nombre de naissances vivantes, au nombre de déces
maternels évités de justesse, aux causes majeures qui les provoquent
et aux dysfonctionnements organiques les plus fréquents. Nous avons
également prélevé ou calculé le taux de décés maternels évités de
justesse, le taux de mortalité maternelle et I'indice de mortalité. Enfin,
nous avons retenu les descriptions des chercheurs concernant leurs
expériences et adaptations de I'outil OMS au contexte local.
Résultats Nous avons inclus 69 études provenant de 26 pays (12 pays
arevenu moyen inférieur, et 14 a revenu moyen supérieur). Ces études
ont comptabilisé un total de 50 552 déceés maternels évités de justesse

sur 10 450 482 naissances vivantes. Le nombre médian de déces
maternels évités de justesse par 1000 naissances vivantes s'élevait a
15,9 (écart interquartile, El: 8,9-34,7) dans les pays a revenu moyen
inférieur, et a 7,8 (El: 5,0-9,6) dans les pays a revenu moyen supérieur,
avec des variations considérables entre pays et au sein d'un méme pays.
Les causes les plus fréquentes a l'origine des décés évités de justesse
étaient les hémorragies obstétricales (19 études sur 40 dans les pays a
revenu moyen inférieur) et les problemes d'hypertension (15 études
sur 29 dans les pays a revenu moyen supérieur). Prés de la moitié des
études recommandait une adaptation aux criteres de gestion et de
laboratoire afin de ne pas sous-estimer le nombre de déces évités de
justesse, ainsi que des orientations plus claires pour pouvoir interpréter
I'outil sans équivoque.

Conclusion De nombreux pays ont suggéré d'adapter I'outil OMS au
contexte local. Cela pourrait entraver les comparaisons internationales,
mais faciliterait les audits localement pertinents permettant de tirer
des enseignements.

Pesome

MaTepI/IHCKaﬂ CMEePTHOCTb: OC/IOXKHEHUA Npu poAax B CTPpaHax Co CpeaHUM YypoBHEM Joxoaa,

cuctemaTmyeckuii 063op

LUenb Onuncatb 4acToTy BO3HMKHOBEHMA C/lyYaeB M OCHOBHblE
MPUYMHBI OCIIOXKHEHWUI NPY POAaX, NPEACTABASIOLLMX Yrpo3y And
XKN3HW MaTepW, B CTPaHax Co CPeAHNM YPOBHEM 1OXOAa C MOMOLLbIO
NHCTPYMEHTa BCcemMpHOWM opraHm3aummn 3apaBooxpaHenms (BO3)
ANA OLEHKM Takoro pofda OCNOKHEHWI, a TakKe OUEeHUTb ero
NPUMEHMMOCTb B AAHHbIX YCIIOBUAX.

MeTogbl bbin BLINOMHEH CUCTEMATMUYECKINA 0630p UCCNenoBaHN,
NOCBALWEHHbIX OCNOXHEHUAM NPW POAAX, NPEeACTaBAAWNM
Yrpo3y 414 XKM3HM MaTepH, B CTPaHax Co CPeAHUM YPOBHEM OXOA,
KoTopble Hbinv onybnankosaHsl B8 20092020 rr. ABTOPbI M3BNEKN
[AHHbIE O KOMIMYECTBE XUBOPOXKAECHNI, KOMYECTBE ClyYaes
TaKMX OCIIOKHEHWI, OCHOBHbBIX MPUUMHAX TaKUX OCNOXHEHWI U
Hanbonee yacTol ANCOYHKLMN OpraHoB. ABTOPbI TakxKe M3BNEKM

AW paccynTani Ko3dOUUMEHT OCNOXHEHNN, KOIDOULMEHT
MATEPUHCKOM CMEPTHOCTU U MHAEKC CMEPTHOCTU. ABTOPbI TaKke
0bpaTUIN BHMMaHME Ha OMucaHue OMnbiTa UCCnefoBaTenel u
mMoandvKaLmmn nHCTpymeHTa BO3 s MICNonb30BaHNUA Ha MeCTax.

Pe3ynbTtatbl B 0030p 6bI10 BKIOYEHO 69 MCCNeAoBaHUI 13
26 cTpaH (12 cTpaH € ypoBHEM AoX0oMda HUKe cpefHero v 14 cTpaH
C YPOBHEM A0OXO[a Bbile cpeaHero). M3 10 450 482 umBopoKaeHMN
MccnenoBaHna coobLmnm B oblue cnoxHocTv o 50 552 cydanx
OCNIOXKHEHWIN NPU POAAX, NPEACTABAAWMX YrPO3y ANA KU3HW
MaTepu. CpeaHee YnMCno CayyvyaeB TakWX OCNOXHEHUI Ha
1000 xm1BOPOXAEHN COCTaBWNO 15,9 (MEXKBAPTUIBHBIN pa3max,
MKP: 8,9-34,7) B CTpaHax C JOXOA0OM Hke cpeaHero u 7,8 (MKP:
5,0-9,6) B CTpaHax C AOXOAOM Bbllle CpeHero Co 3HaYUTeNbHbIMM
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PA3MNUVAMMU MEXIY CTPaHaMV 1 BHYTPY CTpaH. Hanbonee yacTbimm
NPUYMHAMM OCNIOXKHEHNI ObIN aKyLLIepPCKIMe KpOBOTEUEHMA B 19 13
40 nccnenoBaHWn B CTPaHax C ypOBHEM AOXOLA HMXE CPefHero v
rMNepTOHNYeCKMe HapyLieHna B 15 13 29 nccnenoBaHnii B CTPaHax ¢
YPOBHEM [JOXOAa BbiLLe cpefjHero. OKONo NoNoBMHbI NCCNefoBaHNN
pPeKOMeHI0BaNM afanTaLmio K 1abopaTopHbIM 1 YNpPaBReHUYeCKM
KpuTepmam BO M3bexaHne HefoOLEHKN CyYaeB Takoro poaa

Systematic reviews I
Maternal near miss in middle-income countries

OC/NOKHeHNI, a Takxe bonee yeTkoe PYKOBOACTBO BO M3beKaHve
PA3NYHBIX MHTEPNPETALNA MHCTPYMEHTA.

BbiBop [1nA 13BneUeHnA ypoKOB B HECKOMbKMX CTpaHax Obina
npeAnoXeHa aaantauma MHCTPYMeHTa BO3 4Nna OLEeHKN OCIIOKHEHWI
npw pofax, NPeaCcTaBAAIOLMX YIPO3Y ANA KMU3HN MAaTePH, K MECTHBIM
YCNOBUAM, UTO, BO3MOXKHO, 3aTPYAHWIO Bbl MeXAYHapOAHbIE
COMOCTaBMeHNs, HO 0bneryumso Obl MPOBEAEHVIE aKTyaNbHOTO ayamTa
1 N3BIEYEHNME OMbITa Ha MECTHOM YPOBHE.

Resumen

Mortalidad materna: morbilidad extrema en paises de ingresos medios, una revision sistematica

Objetivo Describir la incidencia y las principales causas de los casos de
morbilidad materna extrema en los paises de ingresos medios mediante
la herramienta correspondiente de la Organizacion Mundial de la Salud
(OMS) y evaluar su aplicabilidad en estos contextos.

Métodos Se realizo una revision sistemdtica de los estudios sobre
morbilidad materna extrema en los paises de ingresos medios que fueron
publicados entre 2009 y 2020. Se obtuvieron datos sobre el nimero de
nacidos vivos, el nimero de los casos de morbilidad materna extrema,
las principales causas de los casos de morbilidad materna extrema y
las disfunciones de érganos mas frecuentes. Se extrajo, o se calculd, la
tasa de morbilidad materna extrema, la tasa de mortalidad materna y
el indice de mortalidad. Asimismo, se anotaron las descripciones de las
experiencias de los investigadores y las modificaciones de la herramienta
de la OMS para su uso local.

Resultados Se incluyeron 69 estudios de 26 pafses (12 de ingresos
medios-bajos y 14 de ingresos medios-altos). Los estudios informaron
de un total de 50 552 casos de morbilidad materna extrema por
cada 10450482 nacidos vivos. La mediana del ndmero de casos de

morbilidad materna extrema por cada 1000 nacidos vivos fue de 15,9
(recorrido intercuartflico, IQR: entre 8,9y 34,7) en los pafses de ingresos
medios-bajos y de 7,8 (IQR: entre 5,0 y 9,6) en los paises de ingresos
medios-altos, con una variacién considerable entre los paises y dentro
de ellos. Las causas mas frecuentes de la morbilidad materna extrema
fueron la hemorragia obstétrica en 19 de los 40 estudios de los paises
de ingresos medios-bajos y los trastornos hipertensivos en 15 de los
29 estudios de los paises de ingresos medios-altos. Alrededor de la
mitad de los estudios recomendaron adaptaciones de los criterios de
laboratorio y de tratamiento para evitar la subestimacion de los casos
de morbilidad materna extrema, asi como una orientacién mas clara
para evitar las diferentes interpretaciones de la herramienta.
Conclusién En varios paises se sugieren adaptaciones de la herramienta
de la OMS sobre la morbilidad extrema a los contextos locales, lo que
posiblemente dificulte las comparaciones internacionales, pero facilite
la ejecucion de auditorfas pertinentes a nivel local para las lecciones
aprendidas.
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