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1  |  INTRODUC TION

Improving women's health during and after pregnancy is an interna-
tional health priority. The maternal mortality ratio (MMR) has tradi-
tionally been used as an indicator of the quality of maternity care. 

Wide variations in MMR across different countries reflect inequal-
ities in access to quality care and highlight huge gaps between the 
global rich and poor. MMR in 2017 was 462 per 100 000 live births 
in low- income countries versus 11 per 100 000 live births in high- 
income countries.1 For South Africa, a middle- income country with a 
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Abstract
Objective: To assess the incidence of severe maternal outcome (SMO), comprising mater-
nal mortality (MM) and maternal near miss (MNM), in Metro East health district, Western 
Cape Province, South Africa between November 2014 and November 2015 and to iden-
tify associated determinants leading to SMO with the aim to improve maternity care.
Methods: Region- wide population- based case- control study. Women were included in 
the study, if they were maternal deaths or met MNM criteria, both as defined by WHO. 
Characteristics of women with SMO were compared with those of a sample of women 
without SMO, matched for age and parity, taken from midwifery- led obstetrical units 
from two residential areas in Metro East, using multivariate regression analysis.
Results: Incidence of SMO was 9.1 per 1000 live births, and incidence of MNM was 
8.6 per 1000 live births. Main causes of SMO were obstetrical hemorrhage and hy-
pertensive disorders. Factors associated with SMO were HIV (adjusted odds ratio 
[aOR] 24.8; 95% confidence interval [CI] 10.0– 61.6), pre- eclampsia (aOR 17.5; 95% 
CI 7.9– 38.7), birth by cesarean section (aOR 8.4; 95% CI 5.8– 12.3), and chronic hyper-
tension (aOR 2.4; 95% CI 1.1– 5.1).
Conclusion: Evaluation of SMO incidence and associated determinants supports 
 optimizing tailored guidelines in Metro- East health district to improve maternal health.
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National Committee for Confidential Enquiries into Maternal Deaths 
since 1997, MMR in 2016 was 135 per 100 000 live births, with the 
Western Cape Province having the lowest regional MMR (68.3 per 
100 000 live births).2,3

Attention has increasingly shifted toward severe maternal mor-
bidity as an additional quality indicator.4– 6 In this light, WHO has in-
troduced the maternal near miss (MNM) approach (Figure 1), which 
includes women who survived life- threatening complications during 
pregnancy, childbirth or within 42 days of delivery or termination of 
pregnancy.3

Maternal death and MNM are collectively defined as severe ma-
ternal outcome (SMO).3,4 This approach allows the identification of 
factors associated with SMO that could potentially provide relevant 
and robust information to prevent SMO. A detailed explanation of 
the various definitions is given in Figure 2.

In Metro East health district, Western Cape Province, South 
Africa, public maternity care is organized according to a clear re-
ferral pathway. Care is divided into three levels (1– 3) according to 
pregnant women's needs. Women with low risk pregnancies will ac-
cess care in Midwifery Obstetrical Units, which is level 1, district 
health care. In case of complications, women can be referred to 
three level 1 district hospitals, mainly run by midwives and medical 

officers supervised by one or two obstetricians. Severely compli-
cated pregnancies are managed in Tygerberg Hospital (TBH), the 
academic hospital of Stellenbosch University, providing level 2 and 
3 care. TBH is the only level 2 hospital in this district.

Following WHO’s recommendation to analyze SMO as a means 
to improve maternity care, the objective of this study was to as-
sess the incidence of SMO for the public health sector of Metro 
East health district and to identify possible determinants associated 
with SMO.

2  |  MATERIAL S AND METHODS

A region- wide population- based case- control study was per-
formed in Metro East health district, Western Cape Province, 
South Africa. Ethical approval was obtained from the Health 
Research Ethics Committee (HREC), Faculty of Health Sciences, 
Stellenbosch University, on October 3, 2018 (Project ID: 1427, 
HREC Reference #: S18/02/023). Approval was also obtained from 
the Provincial Health Authority, the CEO of TBH and the heads of 
respective departments. A waiver of consent from participants was 
obtained from HREC, as the study was performed by auditing the 
hospital records.

All women who were referred to TBH between November 1, 2014 
and November 1, 2015 were included in the study if they met the 
WHO life- threatening conditions (MNM criteria) or were identified 
as a maternal death. Identification of women was done by healthcare 
workers from the Department of Obstetrics and Gynecology in TBH 
and was overseen by the principle investigator (AH).

Awareness among health workers to identify women was 
enhanced continuously by having clearly visible posters with 

F I G U R E  1  WHO life- threatening conditions (Maternal near 
miss criteria). *Used was ≥5 units blood products (including units of 
red blood cells, fresh frozen plasma, platelets or cryoprecipitate). 
**Defined in this study uncontrollable fits with more than two fits 
or not responding to MgSO4 F I G U R E  2  Definitions of outcome measures

11.. Severe Maternal Outcomes (SMO): maternal near misses and maternal 

deaths.  

22.. Maternal mortality (MM): Maternal death is the death of a woman while 

pregnant or within 42 days of termination of pregnancy, irrespective of the duration 

and site of the pregnancy, from any cause related to or aggravated by the 

pregnancy or its management but not from accidental or incidental causes.  

33.. Maternal mortality ratio (MMR): maternal mortality per 100 000 live births 

44.. Maternal near miss (MNM): a woman who nearly died but survived a 

complication that occurred during pregnancy, childbirth or within 42 days of 

termination of pregnancy 

55.. Incidence maternal near miss: MNM per 1000 live births 

66.. Mortality Index (MI): the number of maternal deaths divided by the number 

of women with life-threatening conditions expressed as a percentage [MI = 

MD/(MNM + MD)]. The higher the index, the more women with life-threatening 

conditions die (low quality of care), whereas the lower the index, the fewer women 

with life-threatening conditions die (better quality of care). 
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instructions in all relevant wards, as well as by sending out monthly 
phone messages and alerts to all involved healthcare professionals. 
Data pertaining to women identified as having sustained SMO were 
collected from their case records. These data were subsequently 
de- identified into anonymized case record forms and entered into a 
separate, password- protected Microsoft ExcEl database in a secure 
location in the hospital.

The WHO MNM criteria served as core outcome set. WHO 
MNM criteria are comprised of seven main “life- threatening” 
conditions.3 In the database, we further subdivided these main 
categories into more detailed and specific diagnoses (which could 
be qualified as “potentially life- threatening” conditions). These 
specific diagnoses were assessed by the primary investigator and 
were deemed necessary upon consultation with the study team, 
to be the first conditions initiating the chain of events that led to 
SMO as per WHO guidance (Figure 1). Other data entered into 
the database included general and obstetrical characteristics, 
maternal and perinatal outcomes and interventions up to 42 days 
postpartum.

Tygerberg Hospital serves as the only secondary and tertiary 
level hospital for the population of the Metro East health district. In 
addition, women from outside the region are also referred for var-
ious reasons. All women admitted to TBH from outside the Metro 
East region were included in the study, but not in the calculations of 
incidence, mortality index (MI) and MMR (Figure 2).

Data were only collected for women who were admitted to TBH, 
so the three level 1 referral district hospitals were requested to iden-
tify possible MNM cases that had not been referred to TBH from 
January 2015 to March 2015. This enabled the verification of our 
assumption that within the existing referral system all women with 
MNM would eventually be admitted in TBH.

Maternal deaths are routinely recorded and reported throughout 
South Africa at provincial level, as part of the National Confidential 
Enquiry into Maternal Death. This allowed easy identification of 
deaths within the region for the time period under study.

The control group consisted of pregnant women without SMO, 
included in the ongoing registration of the Safe Passage study in 
Metro East health district.7,8 This large, prospective multidisciplinary 
study was initiated by the PASS Network (Prenatal Alcohol in SIDS 
and Stillbirth), which is designed to investigate the association be-
tween prenatal alcohol exposure, sudden infant death syndrome 
(SIDS) and stillbirth. It also aims determine the biologic basis of the 
spectrum of phenotypic outcomes of fetal alcohol spectrum disor-
ders from exposure, as modified by environmental and genetic fac-
tors that increase risks of stillbirth, SIDS and, in surviving children, 
fetal alcohol spectrum disorders.

In this multicenter study, pregnant women at high risk for maternal 
drinking during pregnancy were recruited in the Northern Plains, USA, 
and in Cape Town, South Africa from August 2007 to January 2015.7,8

A woman was eligible if all of the following criteria were met: 
(1) able to provide informed consent, (2) pregnant with one or two 
fetuses, (3) 16 years of age or older, (4) pregnancy duration of at least 

6+0 weeks and not at the delivery admission, and (5) able to speak 
English or Afrikaans.

Inclusion in Cape Town was in two residential areas within Metro 
East and comprised all women who were pregnant or gave birth in 
this low- risk population attending the Midwifery Obstetrical Units 
(level 1, district health service). Data collected in the Safe Passage 
study from January 2014 to January 2015 were controls for the 
SMO group.

Descriptive data are presented as numbers and percentages, 
as well as means ± standard deviation when distributed normally 
or medians (interquartile range) in the case of skewed data. SMO 
was dichotomized as either having SMO or not. MI was calculated 
by dividing the number of maternal deaths by the number of women 
with SMO. The assumption behind the MI is that a lower quality of 
maternity care is reflected by a higher MI.

Women with missing data are reported in the tables. Data were 
analyzed for single associated determinants through univariate lo-
gistic regression using SMO as outcome. To identify associations 
of combinations of determinants with SMO, multivariable logistic 
regression was performed. Women with SMO were matched to 
controls by age (with maximum 2 years difference) and parity (exact 
matching) in a 1:2 ratio for cases and controls.

Data were analyzed using SPSS version 24.0 (IBM Corp., Armonk, 
NY, USA). There was no patient involvement in data interpretation 
or analysis.

3  |  RESULTS

During the 12- month study period 32 161 live births occurred in 
Metro East health district. Twenty women died and 379, of whom 
111 from outside Metro East region, were identified as having sus-
tained MNM. This accounted for an MMR of 49.7 per 100 000 live 
births and an incidence of MNM of 8.6 per 1000 live births. These 
results gave an incidence of SMO of 9.1 per 1000 live births and an 
MI of 6.9%.

WHO MNM categories of organ failure are described in Table 1, 
which also contains interventions.

The three most common WHO MNM categories were: (1) co-
agulation/hematologic dysfunction in 162/399 (40.6%) women, (2) 
respiratory dysfunction in 81/399 (20.3%) women, and (3) uterine 
dysfunction in 55/399 (13.8%) women. In 295/399 (74.4%) women 
one dysfunction category was present; 75/399 (18.8%) had two 
categories and 24/399 (6.1%) had dysfunction in three or more 
categories.

Hypertensive disorders of pregnancy and obstetrical hemor-
rhage were the principle underlying conditions ultimately leading to 
SMO, shown in the detailed list of diagnoses that initiated the chain 
of events leading to SMO (Table 2).

In Table 3, general and obstetrical characteristics are depicted 
for women with SMO (399) compared with women without SMO 
(1005). Among 399 women with SMO, the principle underlying 
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condition occurred antepartum in 189/399 (47.4%), peripartum in 
54/399 (13.5%), and postpartum in 152/399 (38.1%).

Of the 399 women with SMO, 16/399 (4%) were referrals from 
home, 144/399 (36.1%) from Midwifery Obstetrical Units (level 1), 
149/399 (37.3%) from level 1, and 39/399 (9.8%) from rural level 
2 hospitals outside Metro East. Forty women (10%) had only at-
tended pregnancy care in TBH. The majority of women who sus-
tained SMO gave birth by cesarean section (CS) (218/398; 57.4%), 
of which 207/218 (95.0%) were emergency CS and 11/218 (5.05%) 
were elective CS. Reasons for emergency CS were fetal distress in 
99/207 (47.8%) women and poor progress of labor in 25/207 (12.1%) 
women. In 95/218 (43.5%) women who gave birth by CS, SMO 
happened before CS. In 123/218 (56.4%) women, SMO happened 
during or after CS.

Pre- existing conditions such as diabetes mellitus and autoim-
mune disease as well as substance use were not presented in the 
tables because numbers were too small to be significant.

Babies of women with SMO had poorer perinatal outcomes 
than babies of women without SMO, as described previously.9 The 
SMO group had 232/364 (63.7%) live births and 110/364 (30.2%) 
stillbirths, compared with neonates of women without SMO, 
who comprised 985/1004 (97%) live births and 17/1004 (1.7%) 
stillbirths.

Univariable regression analyses revealed that factors associ-
ated with SMO were positive HIV status, hypertensive disorders 

TA B L E  1  Categories and main interventions among women with 
SMO according to WHO MNM criteriaa

SMO (n = 399)

Life- threatening condition (MNM criteria) n = 395b 

Coagulation/hematologic 162 (40.6)

Respiratory 81 (20.3)

Uterine 55 (13.8)

Neurologic 48 (12.0)

Cardiovascular 37 (9.3)

Renal 9 (2.3)

Hepatic 3 (0.8)

Interventions

Intensive care unit (1– 71 days) 86/389 (21.6)

Obstetrical critical care unit (1– 15 days) 249/381 (62.4)

Hysterectomy 59/399 (14.8)

More than five blood products 137/380 (34.3)

Laparotomy 15/399 (3.8)

Inotropic usec  20/399 (5.0)

Intubationc  106/397 (26.6)

Abbreviations: MNM, maternal near miss; SMO, severe maternal 
outcome.
aValues are given as number (percentage) or as number/total number 
(percentage).
bFour in the unknown category.
cAdditions to the interventions of the WHO tool.

TA B L E  2  Underlying primary diagnosis that qualified a woman 
for the MNM criteriaa

Direct causes (n = 329)

Hypertension (n = 157; 39.3%)

HELLP 80 (20.0)

Eclampsia 42 (10.5)

Pulmonary edema 33 (8.3)

Liver rupture 1 (0.3)

Acute renal failure 1 (0.3)

Chronic hypertension 0

Pregnancy- induced hypertension 0

Pre- eclampsia 0

Acute fatty liver 0

Hemorrhage (n = 106; 26.6%)

Placental abruption ± hypertension 44 (11.0)

Bleeding related to CS during/after 23 (5.8)

Uterine atony 10 (3.0)

Retained placenta 9 (2.7)

Perineal trauma 6 (1.8)

Placenta previa 5 (1.5)

Morbidly adherent placenta 5 (1.5)

Ruptured uterus with(out) scar 3 (0.9)

Uterine inversion 1 (0.3)

Cervical trauma 0

Sepsis (n = 34; 8.5%)

Puerperal sepsis after CS 26 (7.9)

Puerperal sepsis after vagina birth 5 (1.5)

Chorioamnionitis 3 (0.9)

Other (n = 32; 8.0%)

Ectopic 13 (3.3)

Miscarriage 2 (0.5)

Hyperemesis gravidarum 0

General anesthetic complication 1 (0.3)

Spinal/epidural anesthetic complication 1 (0.3)

Thrombo- embolism 2 (0.5)

Pulmonary embolism 1 (0.3)

Amniotic fluid embolism 1 (0.3)

Acute collapse (undefined) 1 (0.3)

Other 10 (2.5)

Indirect causes (n = 68)

Non- pregnancy- related infection (n = 35; 8.8%)

Respiratory tract 18 (4.5)

Tuberculosis 7 (1.7)

HIV 3 (0.75)

Urinary tract 3 (0.75)

Other 4 (1.0)
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of pregnancy and chronic hypertension, CS, and obesity with 
a two- fold increase from obesity to severe obesity (Table 4). 
Applying 1:2 matching, 342 of 399 women with SMO could be 
matched with 784 women in the non- SMO group. After matching 
for age and parity, multivariable regression analysis showed how 
multiple factors together were associated with SMO: positive HIV 
status (adjusted odds ratio [aOR] 24.8; 95% confidence interval 
[CI] 10.0– 61.6), presence of pre- eclampsia (aOR 17.5; 95% CI 7.9– 
38.7), and presence of chronic hypertension (aOR 2.45; 95% CI 
1.1– 5.1) were strong influencers. Birth by CS was also associated 
with SMO (aOR 8.4; 95% CI 5.8– 12.3). In this model, obesity and 
pregnancy- induced hypertension were not statistically signifi-
cantly associated with SMO.

Causes of maternal death (20/399; 0.05%) were tuberculosis (five 
deaths), assault (three deaths), septic shock (three deaths), eclampsia 
(two deaths), placental abruption in the presence of pre- eclampsia/
disseminated intravascular coagulation (two deaths), and one each of 
suicide, traditional medicine, cervical cancer, acute respiratory dis-
tress syndrome, and postpartum hemorrhage.

In 3 months of data collection in surrounding level 1 hospitals, 
three women with MNM presenting in any of these three hospitals 
were not referred to TBH.

4  |  DISCUSSION

The incidence of women with SMO in Metro East region of 9.1 
per 1000 live births corresponds with previously published data 
for middle- income countries.10– 14 The WHO MNM tool allowed 
systematic analysis and indicated that hypertensive disorders of 
pregnancy and obstetrical hemorrhage were the principle underly-
ing conditions associated with SMO. A positive HIV status, CS, pre- 
eclampsia, and chronic hypertension were factors also associated 
with SMO.

Indirect causes (n = 68)

Underlying medical disease (n = 33; 8.3%)

Cardiac 11 (2.8)

Endocrine 5 (1.3)

Respiratory 4 (1.0)

Trauma/suicide 4 (1.0)

Hematologic 2 (0.5)

Genitourinary 2 (0.5)

Autoimmune 1 (0.3)

Psychiatry 2 (0.5)

Neoplasm 2 (0.5)

Gastrointestinal 0

Central nervous system 0

Abbreviations: CS, cesarean section; HELLP, hemolysis, elevated liver 
enzymes and low platelet count; MNM, maternal near miss.
aValues are given as number (percentage).

TA B L E  2  Continued TA B L E  3  Maternal and obstetrical characteristics for women 
with SMO in relation to women without SMOa

SMO (n = 399) Non- SMO (n = 1005)

Age, year 27.0 ± 6.6 25.3 5.9b 

Home language (n = 389) (n = 1014)

Xhosa 199 (49.9) 0 (0)

Afrikaans 162 (40.6) 795 (79.1)

English 13 (3.2) 87 (8.7)

Other 15 (3.9) 132 (12.2)

Marital status (n = 387) (n = 1005)

Unmarried 310 (77.7)e  741 (73.8)e 

Married 77 (19.3) 264 (26.3)

Income in South African Randf  (n = 387) (n = 674)

No income 262 (67.7) 0 (0)

1– 500 5 (1.3) 122 (12.1)

500– 4000 105 (27.1) 551 (54.8)

≥400 15 (3.9) 1 (0.1)

Gestational age, week (n = 361) (n = 1005)

≤24 26 (7.2) 15 (1.5)

24– 37 211 (58.4) 139 (13.9)

≥37 124 (34.3) 851 (84.7)

BMI 28.6 ± 7.7c  25.4 ± 5.8d 

HIV positive 88/378 (23.3) 14/1003 (1.4)

CD4 count >0 <200 20/87 (23.0) NA

On antiretroviral drugs 65/87 (74.7) NA

Unknown 10/87 (11.5) NA

Hypertensive disorder 149/399 142/1001 (14.2)

Chronic hypertension 44 (11.0) 40 (4.0)

Pregnancy- induced 
hypertension

21 (5.2) 86 (8.6)

Pre- eclampsia 84 (21.1) 16 (1.6)

Mode of birth (n = 398) (n = 989)

Induction 147 (36.8) 126 (13.4)

Spontaneous vaginal birth 131 (32.9) 780 (78.9)

Assisted vaginal birth 7 (1.8) 38 (3.8)

Cesarean sectiong  218 (55.0) 6,3 (16.5)

Neonatal outcome, births (n = 390) (n = 1005)

Live birth 232/364 (63.7) 985/1016 (97)

Stillbirth 110/364 (30.2) 17/1016 (1.7)

Neonatal death 5/364 (1.3) 6/1016 (0.6)

Sets of twins 17/36 (4.7) 11/1016 (1.1)

Otherh  443/390 (11.0) 14/1005 (1.3)

Abbreviations: BMI, body mass index (calculated as weight in kilograms 
divided by the square of height in meters); SMO, severe maternal outcome.
aValues are given as mean ± standard deviation, as number (percentage) 
or as number/total number (percentage).
bAge known from 1003 women.
cn =315.
dn =992.
eThis group contains single and having a partner, but not married.
fPer month in South African Rand (1 GBP is 21.0 SAR in November 2020).
gElective and emergency cesarean section and hysterotomy.
hThis group contains missing data and early pregnancies (<28 weeks or 
<700 g in case of unsure gestation).
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The number of maternal deaths was relatively low in this set-
ting, as was the MI of 6.9% compared with similar level- of- income 
settings, indicating relatively high quality of care. The incidence 
of SMO (9.1 per 1000 live births) in Metro East health district was 
slightly higher than in previous reports for Pretoria in 2013– 2014 
(SMO 5.1 per 1000 live births)15 and in Metro West in 2014 (SMO 
6.5 per 1000 live births).16 This might be due to differences in data 
collection methods or in the application of WHO MNM criteria and 
warrants closer investigation.

The WHO MNM organ- based criteria were helpful to sys-
tematically select cases, even though this involved extracting 
data from patient files and entering these into a separate data-
base, which was relatively labor intensive and will probably not 
be possible in most resource- poor settings. As only women with 
life- threatening conditions were included, the figures do not allow 
for estimations of potentially life- threatening conditions. Some 
women were found to be clinically very ill, but did not fit into any 
specific category of the WHO MNM criteria. Applying a criterion 
‘other life- threatening conditions as determined by the clinician’ 
may be considered.

The WHO life- threatening condition categories are generic, so 
the provision of more specific diagnoses leading to SMO provided 
much more insight into the actual clinical problems. The authors 
suggest including a more comprehensive list of underlying diagno-
ses/“potentially life- threatening” conditions into the tool.

A positive HIV status is strongly associated with SMO. Presence 
of HIV in pregnancy in South Africa of about 20% is described in the 
literature and confirmed in this study.17– 19 The majority of women 
with HIV in this study (65/87; 75%) were treated with antiretroviral 

therapy according to national guidelines and 20/87 (23%) had CD4 
counts <200 cells per cubic millimeter of blood.

The high number of CS worldwide is an alarming trend20– 24 
and in the SMO population, the mode of birth was CS in the ma-
jority of women (218/398; 55.0%). Whether CS was the actual 
start of the chain of events leading to SMO or part of the manage-
ment of an underlying condition already present before CS and 
contributing to SMO is unclear, but in 123/218 (56.4%) women 
SMO only happened during or after CS, suggesting a possible as-
sociation with mode of birth in some of these women. The results 
also indicate that adverse perinatal outcomes are clearly associ-
ated with SMO.

With specific reference to low-  and middle- income countries, 
collecting data for research remains a challenge, given the fact, that 
digitalization of a clearly defined referral pathway is often not pres-
ent.25 This should in theory limit the number of missed cases as all 
women with SMO are treated in well designated high- level- of- care 
hospitals. Audit of SMO from which to learn lessons is extremely 
important to educate, explain, put in place safeguards, and effect 
changes to ensure similar outcomes are avoided. In TBH, women 
with SMO were discussed and evaluated in weekly MM and mor-
bidity meetings and feedback was provided to the referral clinics in 
order to improve the quality of care. In this regard the joint effort for 
evaluation of reliable SMO incidence and associated determinants 
paves the way for optimizing tailored guidelines in the Metro- East 
health district to improve maternal health.

A strength of this study is its region- wide representation of more 
than 30 000 births. In addition, data collection was performed by a 
single dedicated investigator, allowing for uniform interpretation of 

TA B L E  4  Associations with SMO (univariable and multivariable regression analysis)

Univariable Multivariable

OR 95% CI aOR 95% CI

Age 1.05 1.03– 1.07 na na

Parity 1.01 0.87– 1.12 na na

BMI

Normal (BMI 18.5– 24.9) Ref. Ref.

Underweight (BMI <18.5) 0.91 0.45– 1.73 0.59 0.24– 1.43

Overweight (BMI 25.0– 29.9) 1.89 1.39– 2.74 1.51 0.80– 2.41

Obese (BMI 30.0– 40.0) 2.23 1.61– 3.11 1.37 0.88– 2.21

Severe obesity (BMI >40.0) 8.11 4.12– 16.21 1.32 0.41– 3.82

Positive HIV 20.12 11.51– 35.42 24.82 10.01– 61.62

Cesarean section 7.13 5.51– 9.32 8.43 5.83– 12.31

Hypertensive disorder

No hypertension Ref. Ref.

Chronic hypertension 2.57 1.72– 4.11 2.43 1.11– 5.11

Pregnancy- induced hypertension 0.04 0.25– 0.65 0.05 0.02– 0.13

Pre- eclampsia 11.72 8.83– 15.52 17.52 7.91– 38.72

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CI, 
confidence interval; na, not applicable; OR, odds ratio; Ref., reference; SMO, severe maternal outcome.
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the findings. Another strength was the use of a control group from 
the same region during the same time period, enabling identification 
of associated factors. This study showed that including only women 
who were admitted to the obstetrical critical care unit or the gen-
eral intensive care unit, a method often used in other MNM studies, 
would have led to underreporting of SMO because almost 40% of 
women with SMO in this sample were never admitted to such units 
and stayed in the obstetrical or gynecology wards, in many cases 
due to bed shortages.

Although data collection of the large population was accurate, 
a limitation of the study was that only the public health sector was 
included. Data from the private health sector, which comprises 
about 15% of births in the region, were not available. Additionally, 
although most women were referred to TBH, some cases may inev-
itably have been missed as shown in our additional analysis in three 
level 1 hospitals.

In the control group, some women had eclampsia or HELLP (hemo-
lysis, elevated liver enzymes and low platelet count) syndrome, even 
though these women did not meet the WHO MNM criteria applied in 
the study. If there was access to a control group without these con-
ditions, a larger effect of the associated factors may have been seen.

This systematic analysis of women with SMO with the help of the 
WHO MNM tool gave insight into pregnancy- related hypertension 
and obstetrical hemorrhage as the principle causes of SMO. A posi-
tive HIV status, birth by CS, and presence of pre- eclampsia or chronic 
hypertension were identified as factors associated with SMO.
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