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ABSTRACT
Objectives  To perform an external validation to assess 
the usefulness of the Maternal Severity Index (MSI) in 
predicting maternal death among women with potentially 
life-threatening complications during pregnancy or 
childbirth.
Design  Prospective observational study.
Setting  A tertiary referral centre in southeastern India.
Participants  1833 women with potentially life-threatening 
complications identified using the WHO criteria.
Predictor assessed  MSI calculated based on the severity 
markers of the WHO criteria for maternal near-miss.
Primary outcome  Maternal death.
Statistical analysis  Receiver operating characteristics 
(ROC) curve analysis was performed to assess 
discriminative performance, and agreement between 
expected and observed deaths was plotted to determine 
calibration.
Results  The incidence of severe maternal outcomes was 
10 per 1000 live births. There were 57 (151 per 100 000 
live births) maternal deaths during the study period. 
Maternal Severity Score was significantly higher among 
those who died (2.8±1.3 vs 2.0±1.2, p<0.001). The mean 
MSI value was 1.03% (95% CI 0.7% to 1.2%). ROC curve 
analysis showed good discrimination (AUC(Area Under the 
Curve): 0.962, 95% CI 0.952 to 0.970); however, overfitting 
was seen with higher probabilities. The standardised 
mortality ratio (SMR) was 0.02 (95% CI 0.01 to 0.02), 
indicating good quality of care.
Conclusions  The MSI has good discriminative 
performance in distinguishing who succumbs to life-
threatening complications, but needs recalibration to 
avoid overfitting. SMR of less than 0.5 indicates fewer 
than expected deaths, suggesting good quality of care in 
reducing maternal mortality in the study population.

INTRODUCTION
A life-threatening event (severe maternal 
outcome) during pregnancy or childbirth 
can result in maternal death, or a near-miss 

among those who survived.1 Maternal deaths 
have shown a declining trend globally, from 
385 in 1990 to 216 in 2015 per 100 000 live 
births (44% reduction), even as the target 
of 75% reduction was missed following the 
various initiatives under the Millennium 
Developmental Goals.2 3 Maternal mortality 
remains one of the major health indica-
tors under the Sustainable Developmental 
Goals.2 4 The WHO has published directives 
aiming to achieve the maternal mortality 
target of less than 70 per 100 000 live births by 
2030 under the Ending Preventable Maternal 
Mortality strategies.5

With the declining rates of maternal 
mortality worldwide, many more survive 
and develop sequelae later in their lives. In 
2011, the WHO recommended criteria with 
25 severity indicators for identifying a life-
threatening condition.6 7 Scoring systems such 
as Acute Physiology and Chronic Health Eval-
uation (APACHE), Sequential Organ Failure 
Assessment (SOFA), etc, have been used to 
evaluate the severity and outcome of critically 
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ill patients.8 9 The Maternal Severity Index (MSI), a tool 
developed from a multicentre study, could predict the 
risk of mortality in pregnant women with life-threatening 
complications.6 The average of MSI can aid (1) in health 
impact evaluation (as part of a quality-of-care assessment) 
of a hospital or health facility and (2) in resource alloca-
tion by determining the level of complexity and severity 
of cases, and allow over-time as well as interhospital/
regional comparisons.6 10 Limited studies are available in 
the literature validating the usefulness of the MSI, espe-
cially from low-income to middle-income countries.11 12 
We aimed to perform an external validation of the MSI in 
predicting maternal deaths among pregnant women with 
potentially life-threatening complications during preg-
nancy or childbirth.

METHODS
Study design and setting
This study was based on data collected for a primary study 
assessing the incidence of maternal near-miss and its 
impact on maternal health at 12 months among women 
with potentially life-threatening complications from May 
2018 to April 2021. They were enrolled from the intensive 
care unit, high-dependency unit, eclampsia room (special 
care room for managing patients with pre-eclampsia/
eclampsia) and labour ward of the Women and Child 
Hospital attached to the Jawaharlal Institute of Post-
graduate Medical Education and Research, Puducherry, 
India. The hospital serves as a tertiary referral centre for 
high-risk pregnancies, mainly from the rural population 
of the Union Territory of Puducherry and the neigh-
bouring districts of Tamil Nadu. The hospital manages 17 
000–18 000 births a year.

Study population
Pregnant women over 18 years of age admitted with a 
potentially life-threatening condition, defined by the 
WHO criteria as a condition that can threaten a woman’s 
life during pregnancy and labour and after termination 
of pregnancy, were enrolled.1 13 These included (1) haem-
orrhagic disorders such as placental abruption, placenta 
previa, postpartum haemorrhage, ectopic pregnancy 
and ruptured uteri; (2) hypertensive disorders such as 
severe pre-eclampsia, eclampsia, hypertensive urgencies 
and HELLP (haemolysis, elevated liver enzymes and low 
platelet) syndrome; (3) other systemic disorders such as 
pulmonary oedema, seizures, sepsis shock, thrombocyto-
paenia (platelet count <100×109/L) and thyroid crisis; 
and (4) management indicators such as blood transfu-
sions, central venous access, hysterectomy or surgical 
intervention.3 All eligible women fulfilling the study 
criteria admitted in the 3-year study period were enrolled 
in the study.

Data collection
Informed consent was obtained at the time of enrol-
ment in the primary study. The research staff noted the 

sociodemographic information of each woman with 
potentially life-threatening conditions, including age, 
level of education, socioeconomic class, medical and 
obstetric history, and reports of the laboratory investiga-
tions performed. Socioeconomic classification based on 
per capita income was used as follows: upper high (7533 
rupees and above), high (3766–7532 rupees), upper 
middle (2260–3765 rupees), lower middle (1130–2259 
rupees) and poor (below 1130 rupees).14 Details of care 
received in the hospital until discharge, details on labour 
and delivery, and neonatal outcomes were also collected.

Predictor variables in the MSI model
All pregnant women included in the study were assessed 
for presence of the 25 severity markers of the WHO 
near-miss criteria, representing a life-threatening event/
complication. According to the WHO criteria, women 
who survived life-threatening complications were consid-
ered a near-miss.1 A score of 1 was given to presence 
of each marker, and the total score of the 25 severity 
markers indicates the Maternal Severity Score (MSS).6 
The worst parameters in the initial 48 hours after admis-
sion to hospital/enrolment after developing potentially 
life-threatening complications were used to calculate 
individual patient severity index. The MSI calculated the 
probability of maternal death for each patient using the 
equation from the study of Souza et al6:

	﻿‍

MSI=elogit/(1 + elogit);

logit =
(−7.540) + (0.309∗x1) + (0.287∗x2) + (−0.579∗x3)

+(3.492∗x4) + (4.209∗x5) + (1.513∗x6) + (−1.169∗x7)‍�

where x1 is the number of life-threatening complica-
tions, x2 is the life-threatening condition identified in the 
first 24 hours of hospital stay, x3 is severe pre-eclampsia, 
x4 is cancer, x5 is any marker of cardiovascular failure (pH 
of 7.1, use of continuous vasoactive drugs, cardiac arrest 
and cardiopulmonary resuscitation), x6 is any marker 
of respiratory failure (gasping, PaO2/FiO2 of 200 mm 
Hg, and intubation and ventilation not related to anaes-
thesia), and x7 is hysterectomy.

Standardised mortality ratio (SMR) was calculated 
using the Excel file provided in the study by Souza et al.6 
SMR is the ratio between observed maternal mortality risk 
and predicted maternal mortality risk:

	﻿‍ SMR = Number of observed maternal deaths per population size
Predicted number of maternal deaths per population size‍�

where the predicted death is calculated by multiplying 
MSI by population size.

Low SMRs suggest good performance of care (ie, 
observed mortality lower than expected for the level of 
severity), whereas high SMRs suggest poor performance 
of care.15

Outcome and statistical analysis
The primary outcome was the occurrence of maternal 
death during hospital stay. The model’s performance (ie, 
MSI) in predicting maternal death was evaluated. Preg-
nant women with details of all the predictor variables 



3Keepanasseril A, et al. BMJ Open 2022;12:e067112. doi:10.1136/bmjopen-2022-067112

Open access

of interest were included in the analysis. Discrimination 
was assessed by estimating the C-statistic with its 95% CI 
(where a value of 1.0 represents perfect discrimination 
and 0.5 reflects no discriminative ability). C-statistic <0.60 
indicates poor discrimination, 0.60–0.75 means moderate 
discrimination and >0.75 is deemed acceptable discrim-
ination.16 The calibration plot assessed the agreement 
between the observed and the predicted risk of maternal 
death. Perfect calibration is represented as a 45° straight 
line with a slope of 1 and an intercept of 0.16 17 A two-sided 
p value <0.05 indicates statistical significance. Statistical 
analysis was performed using STATA V.17.0.

Patient and public involvement
There was no patient and public involvement.

RESULTS
Data of 1833 pregnant women with potentially life-
threatening conditions among 37 590 live births during 

the study period, as defined by the WHO criteria, were 
included in the analysis. Among them, 380 (10 per 1000 
live births) developed one or more life-threatening 
conditions (severe maternal outcome), with 57 (151 per 
100 000 live births) dying from these complications. Of 
the women, 323 (8.6 per 1000 live births) survived the 
life-threatening event, forming the group with maternal 
near-miss. Most developed one or more severity markers 
and presented during the antenatal period. Caesarean 
deliveries were higher among those with severe maternal 
outcomes compared with those who did not develop 
severe outcomes. Table  1 shows the sociodemographic 
characteristics of the study population.

Among those with severe maternal outcomes, the 
majority had one or more haematological severity 
markers, with blood transfusion of 5 or more units being 
the most common marker. The distribution of women 
developing the severity markers of the WHO criteria is 
shown in table  2. Nearly half of the pregnancies with 

Table 1  Sociodemographic characteristics of women with potentially life-threatening complications who developed severe 
maternal outcomes (maternal near-miss and death)

Characteristics
Potentially life-threatening 
conditions (n=1833)

Severe maternal outcomes

Near-miss (n=323) Deaths (n=57)

Age, mean (SD) years 26.6 (4.9) 27.4 (5.4) 27.1 (4.7)

Parity, n (%)

 � Nulliparous 1103 (60.2) 156 (48.3) 30 (52.6)

 � Primiparous 485 (26.5) 103 (31.9) 16 (28.1)

 � Multiparous 245 (13.4) 64 (19.8) 11 (19.3)

Socioeconomic status, n (%)*

 � Upper high 104 (5.7) 20 (6.2) 1 (1.8)

 � High 406 (22.1) 61 (18.9) 4 (7.0)

 � Upper middle 584 (31.9) 104 (32.2) 20 (35.1)

 � Lower middle 388 (21.2) 67 (20.7) 24 (42.1)

 � Poor 351 (19.1) 71 (22.0) 8 (14.0)

No antenatal care visits, n (%) 26 (1.4) 6 (1.9) 3 (5.3)

Timing of severe maternal outcome, n (%)

 � Antenatal 1678 (91.5) 273 (84.5) 36 (63.2)

 � Postpartum 139 (7.6) 45 (13.9) 15 (26.3)

 � Postabortion 16 (0.9) 5 (1.5) 6 (10.5)

Timing of delivery, n (%)†

 � Extreme preterm (28–34 weeks) 341 (18.6) 73 (22.6) 14 (24.6)

 � Preterm (34–37 weeks) 443 (24.2) 83 (25.7) 12 (21.1)

 � Term (≥37 weeks) 790 (43.1) 90 (27.9) 9 (15.8)

Mode of delivery, n (%) (n=1574)†

 � Vaginal delivery 740 (47.0) 78 (31.7) 16 (45.7)

 � Caesarean section 834 (53.0) 168 (68.3) 19 (54.3)

Average Maternity Severity Score, mean (SD) – 2.0 (1.2) 2.8 (1.3)

*Socioeconomic classification using Prasad (2020) based on per capita income: upper high (7533 rupees and above), high (3766–7532 
rupees), upper middle (2260–3765 rupees), lower middle (1130–2259 rupees) and poor (below 1130 rupees).
†After excluding 259 women who had an abortion (less than the period of viability in the hospital, ie, 28 weeks) and ectopic pregnancy.
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severe maternal outcomes had hypertensive disorders 
(figure 1). Sepsis and postpartum haemorrhage were the 
most common causes of maternal mortality (figure 2).

The average MSS was found to be 2.1 (95% CI 2.1 to 
2.2) in the study and was significantly high among those 
who died (2.8±1.3 vs 2.0±1.2, p<0.001). The mean MSI 
value in the study population was 1.03% (95% CI 0.7% 
to 1.2%), and the SMR was observed to be 0.15 (95% 
CI 0.11 to 0.20). Table  3 shows the year-wise incidence 
of severe maternal outcome (SMO) and SMR during the 
study period.

As shown in figure 3, the area under the receiver oper-
ating characteristics (ROC) curve is 0.962 (95% CI 0.952 
to 0.970), which indicates good discriminative perfor-
mance of the MSI in distinguishing those who are at risk of 
maternal mortality from those who are not. A comparison 

of predicted probability and observed maternal mortality 
rates using a plot (figure 3) suggested that the predictions 
by the model significantly deviate from the observed rates 
at the highest probability, suggesting the model’s overfit-
ting (p=0.002).

DISCUSSION
The incidence of severe maternal outcomes was 10 per 
1000 live births, and the maternal mortality ratio during 
the study period was 151 per 100 000 live births. Majority 
of the women presented with severe outcomes in the 
antenatal period, and most had one or more markers 
belonging to the intervention category of the WHO 
criteria. ROC curve analysis of the MSI in predicting 
maternal death showed good discrimination (AUC (Area 

Table 2  Presence of WHO severity indicators in the study population

System-wise, WHO severity markers
Patients with the 
marker (n)

Percentage among 
PTLC (n=1833)

Percentage among severe 
maternal outcomes (n=380)

Cardiovascular

 � Shock 31 1.7 8.2

 � Cardiopulmonary resuscitation 30 1.6 7.9

 � Use of continuous vasoactive drugs 18 1.0 4.7

 � pH <7.1 14 0.7 3.7

 � Lactate >5 mmol/L 4 0.2 1.1

 � Cardiac arrest 3 0.2 0.8

Respiratory

 � Intubation and ventilation for >60 min not related 
to anaesthesia

80 4.4 21.1

 � Oxygen saturation <90% for >60 min 48 2.6 12.6

 � Respiratory rate >40 of <6 per minute 18 1.0 4.7

 � PaO2/FiO2 <200 mm Hg 4 0.2 1.1

 � Gasping 1 0.1 0.3

Renal

 � Oliguria, non-responsive to fluids or diuretics 25 1.4 6.6

 � Creatinine >300 mmol/L or >3.5 mg/dL 24 1.3 6.3

 � Dialysis for acute renal failure 19 1.0 5.0

Haematological/coagulation

 � Transfusion of >5 units of red cells 108 5.9 28.4

 � Acute thrombocytopaenia (<50 ×109/L platelets)/
mm3

102 5.6 26.8

 � Clotting failure 93 5.0 24.5

Hepatic

 � Bilirubin >100 mmol/L or >6.0 mg/dL 26 1.4 6.8

 � Jaundice in the presence of pre-eclampsia 6 0.3 1.6

Neurological

 � Uncontrollable fit/total paralysis 19 1.0 5.0

 � Loss of consciousness lasting >12 hours 14 0.8 3.7

PaO2/FiO2, Ratio of the partial pressure of arterial oxygen (PaO2) to the fraction of inspired oxygen (FiO2); PTLC, potentially life-threatening 
conditions.
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Under the Curve)=0.9620), but the calibration showed 
overfitting at higher probabilities. An SMR of less than 0.5 
indicates less than expected deaths, suggesting the excel-
lent quality of care in reducing maternal mortality. There 
was an increase in the SMR in the third year compared 
with the first 2 years.

Various clinical prediction rules, such as APACHE, 
SOFA, etc, are used to evaluate the severity and outcome 
of patients admitted to critical care units.8 9 MSS and 
MSI represent systems explicitly developed among preg-
nant women with life-threatening complications.6 These 
aim to assess the severity of maternal complications and 
predict the risk of mortality. In their multicentric study 
from Brazil, Souza et al,6 who developed the MSI and MSS 
models, reported an AUC of 0.955 and good calibration 
with the Hosmer-Lemeshow test. The most common 
severity markers (transfusion of 5 or more units of blood 
and acute thrombocytopaenia), the setting (referral 
centres in a developing country) and the discrimina-
tive performance were similar in the index study and 
the Brazilian derivation of the MSI study. However, the 
calibration plot showing the agreement between the 
expected and the observed was found to have overfitting 
in high probability ranges. This may be due to the lower 
number of events and the proportion of patients with 
higher probabilities or higher MSS in the study.

The usefulness of MSS and MSI has been studied in 
few reports assessing the quality of care and the perfor-
mance of centres providing services to pregnant women 
with complications.10 11 15 18 The average MSS of 2.1 may 
indicate severity case mix, suggesting the human and 
hospital resources required for management. MSI can 
be used to assess the impact of a health intervention in 
a selected population and indicates the quality of care 
provided in the facility.6 As observed in figure 1, even as 
the number of pregnant women with hypertensive disor-
ders was higher, most of them survived, probably due to 
a better quality of care. Strict monitoring, protocol-based 
administration of magnesium sulfate and timely delivery 
might have led to this low number of pregnant women 
succumbing to hypertensive complications. An SMR 
calculated from the mean MSI score of 0.15 indicates a 
very high performance, showing good quality of care in 
the facility, with more lives saved following presentation of 
pregnant women with life-threatening complications.6 15 
The change in SMR (table  3) in the third year, during 
the COVID-19 pandemic, indicates the difference in the 
pattern of cases, as admission was restricted to those with 
COVID-19 during pregnancy and others with more severe 
complications.

This was a study conducted at a single centre, catering 
primarily to the rural population, to validate the use of a 
clinical prediction rule in the setting of a middle-income 
country with similar management protocols during the 
period, limiting selection bias, which could be a strength 
of the study. Unlike most of the earlier studies, the data 
were collected prospectively by the research team, which 
would have also reduced recording or recall bias. Another 
strength is the assessment of discriminative performance 
using ROC curve and the agreement of observed and 
expected probabilities using a calibration plot. Most 
earlier validation studies have only performed ROC anal-
ysis and no calibration.6 10 11 15 18 The Hosmer-Lemeshow 
test used in the earlier reports compared with the cali-
bration plot used in the present study is observed to fare 
worse in assessing the model’s fit due to dependence on 

Figure 1  Frequency of various potential life-threatening complications among maternal near-misses and maternal deaths, 
according to WHO criteria.

Figure 2  Primary causes of maternal death. CVT: Cerebral 
venous thrombosis
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arbitrary groupings of patients.19 The main limitation was 
the fewer women who died following the life-threatening 
event, especially among those with the higher probability 
calculated with MSI. Even though this could be seen as 
due to better quality of care in the centre, it may have 
affected calibration assessment.

Any women who arrive late to a facility with a life-
threatening event (SMO) are probably already severe 
and in a dying condition, and are at a higher probability 
of death even if they reach a tertiary facility that is fully 
equipped and with trained personnel.10 The SMR calcu-
lated based on the MSI may be too low for a centre with 
a high proportion of low-risk deliveries, which may not 
reflect the care in the centre.10 If the denominator is 
the frequency of pregnant women with potentially life-
threatening conditions, it may be more likely to reflect 
the care given in the centre. Future studies are needed to 
assess the usefulness of such a change in calculation. As 
the current model does not take into account the inter-
vention provided that can alter the outcome, a recalibra-
tion of the same model or the development of a new one 
is required, which was not attempted in the present study 
owing to limitations in the event rate (maternal death) 
and sample size.

Recent studies have highlighted the shortcomings of 
using the WHO near-miss tool in low-income to middle-
income settings, where resources are limited. This limits 
the generalisability of the findings to settings where 

resources are limited. Recognising these limitations in a 
low-resource setting, where laboratory and intervention 
facilities are limited and with high community or home 
delivery rates, a global maternal near-miss criterion was 
proposed as an alternative.20 21

In conclusion, the MSI has good discriminative 
performance in distinguishing who succumbs to life-
threatening complications, but with overfitting at higher 
probabilities. An SMR of less than 0.5 indicates less than 
expected deaths, suggesting the excellent quality of care 
in reducing maternal mortality. With the declining trend 
in maternal mortality ratio, a multicentric study with a 
larger sample size needs to assess the model and perform 
recalibration; incorporating the effect of life-saving inter-
ventions is required.
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maternal death.
E:O Ratio of expected and observed events for model calibration
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AUC: Area Under the Curve
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