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AbstrAct
Although no scoring system is as yet fully validated for predicting maternal outcomes in critically ill obstetric patients, prognostication may 
be done objectively using severity predicting models. General critical care scoring systems which have been studied in obstetric patients are 
outcome prediction models (Acute Physiology and Chronic Health Evaluation [APACHE] I-IV, Simplified Acute Physiology Score [SAPS] I-III, 
Mortality Probability Model [MPM] I-IV) and organ dysfunction scores (Multiple Organ Dysfunction Score [MODS], Logistic Organ Dysfunction 
Score [LODS], Sequential Organ Failure Assessment [SOFA]). General critical care scoring systems may overpredict mortality rates in obstetric 
patients secondary to an altered physiology of organ systems during pregnancy. Obstetric prediction models were developed keeping in mind 
the physiological characteristics of obstetric population. They are Modified Early Obstetric Warning System (MEOWS), Obstetric Early Warning 
Score (OEWS), Maternal Early Warning Trigger (MEWT), and disease-specific obstetric scoring systems. The APACHE II model and MPM II are most 
often used scoring systems for predicting maternal mortality. The SOFA model is the best predictive model for sepsis in obstetrics. APACHE II 
and SAPS are more useful for nonobstetric population. Recent studies have also underscored the applicability of the OEWS in intensive care unit 
(ICU) settings with results comparable to the more elaborate APACHE II and SOFA scores. The Early Warning System helps in identifying acutely 
deteriorating pregnant and postpartum women in non-ICU settings who may require critical care. Fetal outcomes are largely dependent upon 
maternal outcomes. Prognostic systems applied to mothers may help in estimation of perinatal mortality and morbidity.
Keywords: Delays, Fetomaternal outcome, ICU, Mortality, Mortality prediction, Obstetric critical care, Predictive model, Pregnancy.
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IntroductIon
A majority of the women during their reproductive lives will have an 
uneventful pregnancy outcome. However, a few of them may have 
serious complications either directly due to pregnancy, aggravated 
by pregnancy, or unrelated to pregnancy, all of which may warrant 
critical care for the patient. Obstetric critical care is defined as “the 
specialized management of critically ill obstetric patients via an 
interdisciplinary approach in which the optimization of the clinical 
variables of pregnant women should be approximated to the 
maternal-fetal unit needs as a whole.”1

Maternal and perinatal mortality rates are important healthcare 
indicators for a nation. Ninety-nine percent of maternal deaths and 98% 
of perinatal deaths around the globe are reported from developing 
nations. A total of 830 women across the globe die from preventable 
causes every day.2 Delayed estimation of severity and complications 
of obstetric illness is an important cause for these preventable deaths. 

Hence, various predictive models for disease severity scoring, 
which were developed for general population, were applied  
to pregnant women also. These scoring systems were meant  to 
identify signs of critical illness in a patient and triage them  
into one of the following levels of care according to disease severity, 
namely low-risk wards, high dependency units/step-down units 
or intensive care units (ICUs). However, it was observed that the 
physiological changes of pregnancy rendered these generalized 
severity scoring systems erroneous. Hence, obstetric-specific scores 
were developed.

This review was conducted to study the role of prognostic 
markers for predicting pregnancy outcomes in critically ill obstetric 
patients.

Methods
This article has been written with the aim of analyzing various 
disease severity scores for prognosticating maternal, fetal, and 
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neonatal outcomes of obstetric patients admitted in the ICU 
setting. The role of demographic profiles, clinical characteristics, 
and delays in admission and treatment were also analyzed. The 
PubMed engine was used for literature search using the following 
keywords: obstetric critical care, maternal mortality, predictive 
tests, scores for prognostication, ICU scoring, and disease severity 
scoring. The outcomes for prognosticating purpose were defined 
as maternal mortality (primary outcome), length of stay in the ICU 
(ICU-LOS), maternal complications and interventions in the ICU, 
maternal quality of life after discharge, perinatal mortality, and 
perinatal morbidity (secondary outcomes).

Fetomaternal Outcomes in the ICU
Maternal Mortality
The World Health Organization (WHO) has set specific targets 
and recommended strategies for reducing maternal mortality 
in its Sustainable Development Goals. An important step in this 
regard is an early identification and treatment of critical illness 
in pregnant women. The overall global maternal mortality ratio 
(MMR) stands at 216/100,000 livebirths.3,4 In contrast, the MMR of 
India was reported to be 113/100,000 livebirths during the year 
2015–2016.5
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The data on the rate of ICU admissions of obstetric patients are 
inconsistent ranging from 3/1,000 pregnancies to 3/100 of all ICU 
admissions.6,7 The rates may be higher (up to 13/1,000 deliveries) 
in developing countries.6 This difference could be secondary 
to economic, sociocultural, political, and health infrastructural 
factors.8 The chances of an ICU admission were studied in women 
who received prenatal and antenatal care by Zeeman et al. and 
they found that admission rates were less in women who received 
antenatal care.9 However, a recent study refuted this finding.10

The causes of obstetric ICU admissions are heterogeneous. 
A majority (50–80%) of such admissions are directly related to 
pregnancy and delivery (obstetric causes). The indirect causes are 
responsible for 20% of poor maternofetal outcomes. Globally, the 
most common and the most important cause of an ICU admission 
of an obstetric patient is related to hemorrhage, followed by 
pregnancy-induced hypertension (PIH) (i.e., direct obstetric 
causes).11 However, Vasquez et al. and Thakur et al. have reported 
higher incidences of nonobstetric ICU admissions in their study.12,13 
Interestingly, women admitted for nonobstetric causes may have 
higher disease severity scores on admission and a higher need for 
mechanical ventilation and other ICU interventions.11,14–16 Table 1 
lists the obstetric and nonobstetric causes of ICU admissions by 
various authors in the last decade.

The average rate of maternal mortality of obstetric patients in 
the ICU is in the range of 8–40% in developing countries which is 
higher than that reported for developed nations (0.1–3.4%).17

Severity Scoring Systems for Prediction of Maternal 
Mortality
Prognostication uses mathematical models to quantify the 
probability of occurrence of an event (e.g., maternal mortality) in a 
study group on the basis of prognostic factors (patients’ variables, 
predictors, or markers) in a given time period during the course 
of management of a disease. Such prognostic models generally 
give an objective predictive score using mathematical equations 
for regression for further application in a specific population base. 

A predictive model to identify and triage such women at their 
point of admission may help avert untoward outcomes and also 
prevent unindicated ICU admissions. Moreover, they may also 
help to assess and guide appropriate health-care services for the 
critically ill patients. 

Prognostic models for critically ill ICU patients may be broadly 
divided into General Critical Care Scoring Systems (GCCSSs) and 
Obstetric Prediction Models (ObPMs). The GCCSSs are further 
classified into Outcome Prediction Models (OPMs), which predict 
mortality in a study group, e.g., Acute Physiology and Chronic 
Health Evaluation (APACHE) score, Simplified Acute Physiology Score 
(SAPS), and Mortality Probability Model (MPM) or Organ Dysfunction 
Scores (ODSs), such as Logistic Organ Dysfunction Score (LODS), 
Multiple Organ Dysfunction Score (MODS), Sequential Organ Failure 
Assessment (SOFA) scores, and quick SOFA (qSOFA) scores. 

However, it was observed that the general scores were not 
able to accurately predict the outcomes of pregnant women in 
the critical care due to the physiological changes in pregnancy 
which have a bearing on the variables of these models; another 
reason being that many critical conditions improved remarkably 
after delivery of the fetus and placenta, leading to over prediction 
of mortality by the general scores.12,13,16,18–24 Thus, the need for 
customization of the scores for obstetric patients was perceived. 
This led to development of specific ObPMs.6

The ObPM includes the Modified Early Obstetric Warning 
System (MEOWS), Obstetric Early Warning Score (OEWS), Maternal 
Early Warning Trigger (MEWT) and disease-specific obstetric scoring 
systems, full Preeclampsia Integrated Estimate of Risk (fullPIERS) 
model for preeclampsia, Sepsis in Obstetrics Score (SOS) for sepsis, 
and Shock Index (SI) for obstetric hemorrhage. Table 2 outlines 
various critical care scoring systems and their salient features. 

Levinson et  al. have given a pathway for implementation 
of these scoring systems to the obstetric population. They 
recommend that any patient on admission (or within 24  hours) 
with a complication or an adverse event should be firstly subjected 
to mortality predictive scoring using the GCCSS. Thereafter, the 
ODS or ObPM should be applied according to the disease process 
or organ system involvement. In the event of utilization of both 
of these scoring systems, a clear picture of disease severity and 
maternofetal prognosis would be revealed.6

GCCSS
These are the most widely used prognostic models. The OPM 
helps in scoring outcome probability in critically ill ICU patients, 
irrespective of their organ systems failure in contrast to the ODS 
which gives mathematical values for mortality based on scores on 
the number of organ system failures.

OPM

• APACHE score: It has four versions (APACHE—I-IV). The APACHE 
II score which was developed in 1985 is the most widely used 
score among all the versions.25 It has three components, namely 
physiological variables (12 in number), age points, and chronic 
health points. Multiple authors, except Miglani et  al., have 
reported overestimation of maternal mortality in obstetric 
patients using the APACHE II scores, including a comprehensive 
global analysis by Ryan et al.12,13,16,18–23,24 This overprediction 
was especially prominent in patients getting admitted for 
direct obstetric causes.16 However, modified APACHE II scores 
(customized for obstetric population) could accurately (SMR: 
0.86) predict mortality rates when compared with APACHE II 
(SMR: 0.36) in a study conducted by Paternina-Caicedo et al.26 
Higher scores have been consistently associated with increasing 
risks of nonsurvival, near miss, need for advanced organ system 
support, prolonged ICU-LOS, perinatal mortality, and delay in 
hospital admissions (level 2 delay).12–14,18,21,27–29

• SAPS I–III: SAPS II is the sum of physiological scores, age score, 
chronic disease score, and the type of admission score. SAPS 
III was devised by studies conducted in various parts of the 
world, and it is a more comprehensive score with customized 
equations.30 Increasing SAP II and III scores are associated with 
high chances of mortality.27,29 Raised SAPS II also correlates with 
prolonged ICU-LOS.31 Although Lapinsky et  al. reported that 
SAPS II could accurately predict maternal deaths, other authors 
disprove this by labeling it as an over predictor of maternal 
mortality.19,24

• MPM I–III: The MPM is based on physiological scores, age, and 
organ systems data. The scores are calculated at 0, 24, 48, and 
72 hours of admission. The MPM0 scores were reported to be 
high in nonsurvivors.27 Results on MPM accuracy for mortality 
prediction in obstetric population is conflicting. Levinson et al. 
cite that MPM0-II overestimates mortality, but not MPM0-III.6 
However, in a study by Rojas-Suarez et  al., MPM0-II (and not 
MPM0-III), SAPS II, and SAPS III could accurately predict maternal 
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• Obstetric Modified qSOFA: The qSOFA was modified to use 
in pregnancy by the Society of Obstetric Medicine, Australia 
and New Zealand (SOMNAZ). They also suggested changes in 
the laboratory values of the SOFA scoring system for obstetric 
patients.39

Disease-specific Obstetric Scoring System
These scoring systems were developed keeping in mind specific 
pregnancy-related conditions which are a major cause of maternal 
mortality and morbidity worldwide (preeclampsia, obstetric 
hemorrhage, and sepsis). 

• The fullPIERS model is an externally validated model which 
predicts adverse outcomes in preeclamptic women.40,41 
Parameters taken into account are gestational age, chest pain 
or dyspnea, oxygen saturation, platelet count, serum creatinine, 
and aspartate transaminase levels. It can be seen that this model 
requires minimal laboratory testing and has a smaller version 
of (miniPIERS) model especially designed for the low resource 
countries.42

• The SOS is a scoring system for predicting clinical deterioration 
and ICU admissions in women with obstetric sepsis. It uses 
maternal vitals and blood tests for scoring propose. The original 
SOS performed poorly in predicting maternal mortality. However, 
recently, a modified adjusted SOS employed by Aarvold et al. in a 
retrospective case-control study was found to predict maternal 
outcomes similar to that predicted by APACHE  II, SAPS II, and 
SOFA scores. Among all the scoring systems used, the MODS 
had an overall best predictive capacity (p <0.05).43

• The SI is the ratio of the heart rate to systolic blood pressure. It is 
a validated tool for detecting early hemodynamic instability in 
patients with near normal vital readings. The normal value of the 
SI in nonobstetric population is between 0.5 and 0.7. Numerous 
studies have been done to find out a normal range of the SI for 
pregnant women. Most of them proposed a range of 0.7–0.9.44–46 
In a recent Indian study, a SI value of >1 was associated with higher 
chances of surgical interventions, >1.3 with an ICU admission, 
high maternal morbidity, and >1.6 with maternal deaths.47

Other Factors Leading to Maternal Mortality in 
Critically Ill ICU Patients
Aoyama et  al. reported increasing mortality rates with rising 
maternal age >34 years.48 Extremes of age, absent prenatal care, 
low socioeconomic status, delays in presentation to a tertiary care 
centre, and ill-equipped facility with poor staff training have been 
implicated in high maternal deaths in the ICU settings by various 
authors.12,21,33,49–51

An illiterate, unbooked patient with high parity, multiorgan 
failure, and admitted for an indirect cause in the ICU has highest 
chances of mortality.12,14,20,21,33,52 On the other hand, a patient 
presenting in the postpartum period has better survival rates than 
her antenatal counterpart.33

Maternal Interventions in the ICU as Predictors of 
Maternal Mortality
A critically ill patient admitted in the ICU has a high risk of 
undergoing various interventions in the form of oxygen support, 
invasive ventilation, blood components transfusion, antibiotics 
administration, and inotropic support.13 Nonsurvivors are more 

mortality (SMR by MPM0-II 0.88, MPM0-III 1.22, SAPS II 0.51, SAPS 
III 0.6).24 In another study, MPM II was reported to underpredict 
mortality.32

ODS
Multiple organ dysfunction syndrome is characterized by 
progressive dysfunction of organ systems after an acute insult to 
the body. The WHO relies on the usage of organ failures to identify 
severe maternal morbidity.6 Adeniran et  al. demonstrated that 
≥2 organ system damage was associated with raised maternal 
mortality.33 The ODS gives numerical scores for classifying severity 
of disease in critically ill patients. However, it is important to note 
that these scores do not predict mortality in these patients. The 
most commonly used ODS are MODS, LODS, SOFA, and qSOFA. 

Numerous authors have reported an association of higher 
SOFA scores among nonsurvivors in their study.21,27,29,34 Vasquez 
et al. reported that at a cutoff value of 6.5 for SOFA, the likelihood 
for maternal mortality was 10 times (LR + 9.8). This was almost 
seven times (LR + 6) in a study conducted by Oliveira-Neto et al.; 
however, the cutoff used by the latter was ≥3. Numerous other 
studies have reported a good sensitivity and specificity of SOFA 
scores in predicting maternal mortality and near miss, especially 
in cases of sepsis.12,22,29 It is one of the most widely used scores in 
obstetric critical care units of India, and it is also recommended by 
the Ministry of Health and Family Welfare, Government of India.35

ObPM
These real-time scoring systems for critically ill obstetric patients are 
usually based on “warning signs” (a set of predefined pathological 
values). These systems help triage non-ICU obstetric patients who 
need prompt and intensive health care. These scores may be based 
specifically for a type of maternal condition (eclampsia, obstetric 
hemorrhage, sepsis) or may be nonspecific/generalized. 

Nonspecific Scores

• MEOWS: It is a bedside tool, computed 12 hourly and comprises 
maternal vital parameters (temperature, blood pressure, heart 
rate, oxygen saturation), conscious level, and pain points as 
components. It is the recommended bedside screening tool 
for early identification of severe complications and periodic 
monitoring of obstetric patients according to the 2003–2005 
triennial Confidential Enquiry into Maternal and Child Health 
(CEMACH) report.36

• OEWS: Carle’s OEWS is a clinical model based on a color-coded 
numeric scheme for severity scoring of disease. It does not 
require laboratory parameters for scoring and has a good 
predictive value for identifying survivors (especially those 
admitted for direct-obstetric reasons) in the ICU.22,37 In a recent 
study by Khergade et al., the OEWS was found as effective as 
the SOFA and APACHE II scores for prognosticating maternal 
mortality in the ICU. The OEWSs were also significantly raised 
with prolonged ICU-LOS (p = 0.027) and hours of mechanical 
ventilation (p = 0.025).22

• MEWT: MEWT uses maternal vitals and mental status level 
threshold values to assess maternal morbidity in obstetric 
population. In a study by Shields et  al., MEWT was found to 
significantly reduce severe maternal morbidity (p <0.01) and 
composite morbidity (p <0.01). However, it had no effect on 
frequency of ICU admissions.38
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prone to undergo mechanical ventilation for longer periods of time 
and to receive inotropic support. Their use is additionally associated 
with increased chances for nonsurvival.22,27,33 However, in a study 
by Jain et al., maternal mortality was reduced with early surgical 
interventions.10.21

Maternal Complications in the ICU 
ICU patients are prone for disseminated intravascular coagulation 
(DIC), multiorgan failure, and sepsis.14,32,34 Other complications 
that are frequently seen include deep vein thrombosis (DVT), 
acute respiratory distress syndrome (ARDS), pulmonary embolism, 
shock, infections, intracranial hemorrhage, preterm delivery, and 
intrauterine death.12,13 Most of these complications merit the use of 
invasive ventilation, vasopressors, and multiple blood transfusions. 
In a study conducted by Suri et al., it was found that the Odds Ratio 
for vasopressor infusion increased with higher severity of illness 
scores (SAP II, APACHE II, and SOFA); moreover, those requiring 
vasopressors had a higher frequency of invasive ventilation.53

Prolonged ICU-LOS and Hospital Stay
Prolonged ICU-LOS is significantly associated with higher APACHE 
II, SAPS II, and OEWS scores and higher mortality rates in critically 
ill obstetric patients.13,14,21,27,31,34 Use of mechanical ventilation and 
inotropes also prolongs ICU-LOS.20,22 Irregular antenatal visits, 
longer delays between appearance of symptoms and admission, 
development of DIC, and acute fatty liver are also associated with 
prolonged ICU-LOS.31

Quality of Life after Discharge
Literature is scarce on the assessment of the quality of life after 
discharge from the ICU. Leung et  al. used a validated Chinese 

version of the Short Form-36 (SF-3615) Health Survey to assess 
the long-term outcome of an ICU admission and found that the 
domain of SF-6 covering physical functioning, bodily pain, and 
social functioning yielded significantly lower scores for discharged 
patients in comparison to the general population.54

Fetal Outcomes
The perinatal mortality rate is an important indicator of maternal 
health and care. It varies from <10/1,000 total births in developed 
nations to >20/1,000 total births in developing nations.55 As fetal 
outcomes are generally dependent on maternal general condition 
and well-being, maternal severity scoring systems may help predict 
fetal and neonatal outcomes in such patients. Table 3 outlines 
studies on fetal outcomes in critically ill obstetric women in the 
ICU. In a prospective cross-sectional study on 124 subjects, Miglani 
et al. reported that there is an increase in perinatal mortality with 
rising APACHE II scores (p = 0.001).18

Maternal shock (Odds Ratio, OR: 6.85), blood transfusions  
(OR: 7.24), and lower mean gestational age at presentation (OR: 
1.2/week for <37  weeks) are important markers of fetal loss in 
the ICU.56 Other factors associated with poor fetal and neonatal 
outcomes are maternal hypertension, maternal cardiac diseases, 
maternal sepsis, delays in presentation to the ICU, and increasing 
duration of delay.18,57

conclusIon
The severity scoring models are an important tool in triaging ICU 
admissions. They help in severity and objective assessment of critically 
ill patients. APACHE II and SAPS II scores are the most studied and the 
most widely used tools for nonobstetric population. APACHE II and 
MPM II are useful scores in the obstetric group but overpredict the 

Table 3: Studies on fetal outcomes and their predictors in obstetric ICU patients 

Study Perinatal outcomes Factors associated with poor fetal outcomes

Cartin- 
Ceba et al.56

Fetal deaths—32
Neonatal deaths—10 

Fetal loss—maternal shock (OR 6.85); maternal  
transfusion of blood products (OR 7.24); lower  
gestational age (OR 1.2/week <37 weeks). 

Pollock et al.17 Median mortality rate 20% (IQR 11–32%) —

Aoyama et al.48 — Maternal shock; lower gestational age; severe maternal 
hypoxemia 

Rios et al.14 23 fetal and neonatal deaths 

Devabaktuni et al.27 21.42% perinatal mortality rate for 42 patients.
Live term 54.76%; IUD 7.14%; neonatal deaths 4.76%

Saif et al.21 Perinatal mortality rate 271/1000 live births [significantly 
higher among nonsurvivors, OR 8.2 (4.1–16.7), p <0.0001]

Vasquez et al.12 17% fetal-neonatal loss

Lawton et al.50 Perinatal mortality rate: 53.1/1000 live births
94.1% live births; 3.2% fetal deaths: 2% neonatal deaths, 2.7% 
early trimester loss

PIH (most common)
Maternal cardiac condition
Maternal sepsis

Miglani et al.18 Low APGAR score requiring NICU admission (29.12%); IUD 
(12.6%); early neonatal death (7.76%); stillbirth (4.85%);  
perinatal morbidity (29.12%); perinatal mortality (31.06%)

All MFN outcomes significantly worse in referred  
patients, except perinatal morbidity.
Higher APACHE II scores associated with perinatal 
mortality (p = 0.001)
aLevels of delay (1 and 2) and increasing duration of 
delay associated with perinatal mortality (p = 0.002 and 
p = 0.005)

Ozumba et al.57 47.2% perinatal mortality 
aLevel 1, 2, 3 delays: delay in seeking care, in reaching appropriate healthcare facility, and at tertiary care center, respectively. IQR, interquartile range; IUD, 
intrauterine death; NICU, neonatal intensive care unit; OR, odds ratio; MFN, maternofetal neonatal
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maternal mortality. SOFA scores are the best predictor of outcomes 
in a pregnant woman with sepsis. Furthermore, the early warning 
scores when used on a subset of non-ICU obstetric patients may help 
in early identification of critical illness well before the start of actual 
clinical deterioration. These models may also help in prognosticating 
adverse fetal outcomes considering that the fetal well-being is largely 
dependent upon maternal well-being. They aid in implementation 
of best treatment plans, care of the woman, and help chalk out her 
health progress report over a period of time. 

There is further scope of research to develop accurate and 
reliable prognostic models for critically ill obstetric patients.
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