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Summary
Background Infections and sepsis are leading causes of morbidity and mortality in women during pregnancy and the
post-pregnancy period. Using data from the 2017 WHO Global Maternal Sepsis Study, we explored the use of early
warning systems (EWS) in women at risk of sepsis-related severe maternal outcomes.

Methods On April 27, 2023, we searched the literature for EWS in clinical use or research in obstetric populations. We
calculated the proportion of women for whom each existing EWS identified them as at risk for developing severe
maternal outcomes by infection severity (complications and severe maternal outcomes). Sensitivity, specificity,
positive and negative likelihood ratios, diagnostic odds ratios, and J statistics were calculated to assess EWS per-
formance. Machine learning was used to test the diagnostic potential of routine maternal sepsis markers.

Findings 21 EWS were assessed in 2560 women from 46 countries with suspected or confirmed infections. The
NICE Risk Stratification tool, Modified Shock Index, maternity Systemic Inflammatory Response Syndrome, and
Early Maternal Infection Prompts scores had high sensitivity (88.1–97.5%) for identifying sepsis-related severe
maternal outcomes. The quick Sequential Organ Failure Assessment (SOFA) in Pregnancy score and
Obstetrically modified SOFA had high specificity (90.4–100%) for identifying women with sepsis-related severe
maternal outcomes. Furthermore, combinations of sepsis markers had very low sensitivity and high specificity
using machine learning.

Interpretation No score demonstrated enough diagnostic accuracy to be used alone to identify sepsis. However,
obstetric—and sepsis-specific EWS performed better for early identification of maternal sepsis than non-obstetric and
non-sepsis-specific scoring systems. There are limitations to applying EWS to real-world data, mainly due to the
incompleteness of medical data that hinders EWS effectiveness. There is a need to continue developing and
testing criteria for early identification of maternal sepsis.
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Research in context

Evidence before this study
On April 27, 2023, we searched MEDLINE, Scopus, Cochrane
CENTRAL, and the WHO Clinical Trial Registry using the terms
“pregnant OR postpartum women” AND “early warning
system” AND “severe maternal outcome OR sepsis” in English
from database inception. A 2019 review by Umar et al.
reported on twelve obstetric EWS validation studies
(published between January 1997 and March 2018) that
linked high EWS scores to adverse obstetric outcomes.
Additional evidence suggests that warning tools improve
maternal and newborn care, leading to fewer complications
through timely interventions. A few low-quality studies
indicate that EWS may enhance obstetric care by increasing
vital sign monitoring before caesarean delivery. However,
results on EWS efficacy for maternal infections (like
chorioamnionitis) are mixed, as they poorly predict sepsis and
show low positive predictive values for severe morbidity and
ICU admissions, with high false-positive rates that can impair
care and cause alarm fatigue.

Added value of this study
This study evaluated 21 obstetric and non-obstetric, as well as
sepsis-specific and non-sepsis-specific EWS, utilising clinical
data from the medical records of women across 46 countries
during and after pregnancy. It analyses how well different
EWS can detect women at risk of severe maternal outcomes
related to sepsis generally and in both high- and low-resource
settings. None of the scores exhibited sufficient diagnostic
accuracy for identifying sepsis-related severe maternal
outcomes.

Implications of all the available evidence
Current insights from the Global Maternal Sepsis Study
highlight that the most effective EWS for obstetric patients
remains unclear. Nonetheless, using obstetric-specific EWS
coupled with other clinical investigations can improve the
recognition, assessment, and prompt treatment of women at
risk of sepsis-related severe maternal outcomes. Further
research should investigate alternative biological markers and
diagnostic criteria for maternal sepsis and continue to
optimise existing obstetric EWS to improve their accuracy.
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Introduction
Every year, approximately 287,000 women globally lose
their lives due to pregnancy and childbirth complica-
tions, equating to almost 800 maternal deaths per day,
or one every 2 min.1 Infections and sepsis have histor-
ically been linked to maternal deaths and continue to be
leading causes of morbidity and mortality among
women during and after pregnancy.2 The most recent
global estimates of causes of maternal mortality suggest
that 11% of maternal deaths have an acute infection or
sepsis as the underlying cause.3 In addition, even when
infection and sepsis are not the primary cause of death,
they are a significant aggravating factor and contributing
cause to many deaths attributed to other pregnancy-
related complications (e.g., women with eclampsia
who develop nosocomial pneumonia).4,5

Building on the sepsis-3 definition developed in 2016
by the Third Consensus on Sepsis,6,7 maternal sepsis is
considered “a life-threatening condition defined as or-
gan dysfunction resulting from infection during preg-
nancy, childbirth,6 postpartum, and post-abortion”.8 To
operationalise the new definition of maternal sepsis,
identification criteria that are simple to obtain, prefer-
ably bedside clinical signs, actionable, and applicable to
high- and low-resource settings are required to identify
women with possible severe maternal infections to
enable prompt therapeutic action.8 By 2017, existing
sepsis scores and warning signals, such as the
Sequential Organ Failure Assessment (SOFA) score,6

quick SOFA (qSOFA),9 and Systemic Inflammatory
Response Syndrome (SIRS)10 had not been validated
among obstetric populations. Other warning signals
used among pregnant and recently pregnant women,
such as the Modified Early Obstetric Warning System
(MEOWS) or the Irish Maternity Early Warning System
(IMEWS), were not specific to infection or sepsis.6,11,12

In 2017, the World Health Organization (WHO) led
the global maternal sepsis study and awareness
campaign (GLOSS).5,13 GLOSS had three objectives: 1) to
raise maternal sepsis awareness, 2) to investigate the
frequency and management of pregnant or recently
pregnant women admitted with suspected or confirmed
infections globally, and 3) to explore the use of early
warning systems (EWS) or severity markers in identi-
fying women with potentially life-threatening infections
and maternal sepsis. EWS are bedside tools used to
evaluate hospitalised patients at risk of deterioration at
an early stage. This paper focuses on the third objective
of GLOSS, which hypothesised that EWS could accu-
rately identify women at risk of developing sepsis-
related severe maternal outcomes by flagging those
who require early therapeutic interventions.
Methods
Study design
GLOSS was a facility-based, prospective, one-week
inception cohort study accompanied by an awareness
campaign; the protocol and initial findings have been
published elsewhere.5,13,14 Between 28 November and 4
December 2017, GLOSS enrolled all women with sus-
pected or confirmed infection admitted to or already
hospitalised in any of the 713 participating facilities
across 52 countries during any stage of pregnancy
www.thelancet.com Vol 79 January, 2025
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through 42 days after the end of pregnancy (abortion or
childbirth). For this analysis, we included data on
women from 446 facilities across 46 countries that
collected individual data on the initial identification and
management of suspected or confirmed infection. In-
dividual data on women and their newborns were
obtained from medical records, collected through a
paper-based form, and later uploaded onto an online
data management system developed for GLOSS.
Individual-level data were collected for up to six weeks
or until the woman was discharged, transferred outside
the study area, or died. Individual forms gathered in-
formation about pregnancy status, clinical signs and
symptoms, and laboratory markers upon enrolment (day
0, day −1, and day +1) into the study, management of the
infection, complications, including any near-miss
criteria (Supplementary file S1) during a hospital stay,
and pregnancy and maternal outcomes.

Ethics
Ethical approvals were obtained from WHO’s Ethics Re-
view Committee (A65787) and each participating country
according to local regulations. De-identified data was used
for this analysis from GLOSS participants whose written
informed consent or a waiver of written consent was ob-
tained as required by local or national committees.

Variable definitions
We employed the WHO maternal near-miss criteria,
grounded in the Sequential Organ Failure Assessment
(SOFA) score,6 to recognise organ dysfunction during
and after pregnancy. These extensively validated criteria
comprise clinical, management-based, and laboratory
markers. Any woman meeting these criteria was
considered to have organ dysfunction, and we
harmonised our definition of maternal sepsis with the
Sepsis-3 consensus to identify true positive cases related
to pregnancy. Women with infection were assigned to
three groups according to the severity of the infection
during hospital stay.14 Group 1: infection-related severe
maternal outcomes (a proxy for maternal sepsis)
included women presenting with WHO near-miss
criteria to define organ dysfunction or maternal death
corresponding to the prespecified primary outcome of
the GLOSS.5 Group 2: infections with complications
included women with an invasive procedure to treat the
source of infection (vacuum aspiration, dilatation,
curettage, wound debridement, drainage [incision,
percutaneous, culdotomy], laparotomy and lavage, other
surgery), admission to intensive care unit or high de-
pendency care, or transfer to another facility.14 The
remaining population, group 3, was classified as having
less severe infections.

Early warning systems (EWS)
On April 23, 2023, we searched the literature for all
EWS in use in obstetric populations. We used search
www.thelancet.com Vol 79 January, 2025
terms “pregnant OR postpartum women” AND “early
warning system” AND” severe maternal outcome OR
sepsis”. The search terms are listed in Supplementary
file S2.

EWS are based on physiological criteria (blood
pressure, pulse rate, respiratory rate, temperature, and
consciousness level) and may also include markers of
organ dysfunction.15 Each score is calculated based on
the deviation from the normal range or baseline
assessment.

When one or more criteria are abnormal, a score is
considered “triggered,” indicating at-risk patients who
need a medical response.15 The scores were calculated
based on vital signs and clinical and laboratory data
from day −1, day 0, or day +1. They are calculated for
women with complete data. The numerator represents
the number of women with triggered scores out of the
total for each group, including those with suspected or
confirmed infections, complicated infections, severe
maternal outcomes (SMO), hospitalisations over seven
days, and ICU stays over three days.

Statistical analyses
We conducted descriptive analyses of patient charac-
teristics and assessed the performance of EWS to trigger
for women across different infection severity groups
during their hospital stay. We calculated sensitivity,
specificity, positive and negative likelihood ratios, and
diagnostic odds ratios (with 95% confidence intervals).
The J-statistic, or Youden’s index, was used to measure
the likelihood of positive score results.16 These analyses
were carried out overall and separately for participants
recruited in higher and lower income settings, with
countries grouped based on income and region
(Supplementary file S3).

The discriminatory results of the EWS were pre-
sented in a receiver operating characteristic (ROC) plot
as an adapted Zombie Plot17 to visualise its efficacy in
identifying women at risk of developing sepsis-related
severe maternal outcomes. The plot compared sensi-
tivity against specificity. It can be used to visualise how
acceptable a scoring system’s performance is. However,
it is recognised that precise definitions of what makes
an EWS acceptable or not are context specific.17

We calculated the percentages of missing data for
women whose scores could not be calculated due to
missing variables in their health records.

We also implemented machine learning (ML) tech-
niques (Supplementary file S4) to investigate the diag-
nostic capacity of combinations of routine clinical and
laboratory markers that define a diagnosis for sepsis as
potential alternative criteria to scoring systems. To do
so, we selected clinical and laboratory variables from the
original database that define sepsis. The outcome, se-
vere maternal outcome (SMO), was categorized as ’yes’
or ‘no’. The data were split into a training set (80%) and
a testing set (20%), with SMO distribution balanced
3
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across both. We created datasets with different variables
combinations based on the importance of each variable,
defined by attribute selection algorithms. We train nine
classifiers in each dataset and evaluate their diagnostic
accuracy using cross-fold validation. The performance
metrics included sensitivity, specificity, false positive/
negative rates, and area under the ROC curve. To
identify the best classifiers, we set cut-off points. We
used R programming language version 4.1.0 for the
diagnostic accuracy analyses, Weka,18 SAS version 9.4,
STATA version 14.2 (College Station, TX), and Micro-
soft Excel to perform the ML analyses.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.
Results
Identification of EWS
From the literature search, 28 EWS were in use or under
investigation in the obstetric population. We excluded
seven scores because some variables needed for those
score calculations were unavailable in the GLOSS data-
base (Supplementary file S5). Thus, 21 scores were
evaluated in this study as early warning systems for
developing sepsis-related severe maternal outcomes
(Fig. 1 and Supplementary file S6).

Patient characteristics
Out of 2870 women who were enrolled in the one-week
recruitment period of GLOSS, 2560 women with sus-
pected or confirmed infections and available clinical data for
day−1, 0, and+1were classified into three groups: infection-
related SMO, infections with complications, and less severe
infections for this analysis. Of these, 1580 (61.7%) had a less
severe maternal infection, 599 (23.4%) had a maternal
infection with complications, and 381 (14.9%) had an
infection-relatedSMO(Fig. 2).Mostwomen (74.0%)were in
the 20–35 age range, 53.2% were recently pregnant at
enrolment, andabouthalf (50.5%) arrived at the facility from
their homes (Supplementary file S7).

Missing values
Missing values were highest for partial pressure of
carbon dioxide (PaCO2) (92.7%), lactate (93.4%), urine
output (67.8%), pulse oximetry (66.8%), and 50.4% for
both Glasgow Coma Score and temperature parameters
overall for all participants. The frequency of missing
values varied between day −1, day 0, and day +1
following enrolment into GLOSS. Most variables with
substantially missing values corresponded to the day
before and the first day after enrolment (day −1 and
day +1) into GLOSS. There was fewer incomplete data
on the day of enrolment (day 0) into GLOSS
(Supplementary file S8).
EWS performance
Overall, EWS were the most triggered for women
admitted to ICU, followed by women with infection-
related severe maternal outcomes, compared to
women with infections with complications or prolonged
hospital stays (Table 1). The NICE Risk Stratification
tool (NICE-RST) in postpartum or postabortion women
(PP/PA) and the Modified Shock Index (MSI) were the
two most triggered scores overall. The MSI identified
94.3% (1994/2114), and the NICE-RST-PP/PA identified
83.1% (354/426) of all women with suspected or
confirmed infection. The MSI identified 94.7% (780/
824) and the NICE-RST-PP/PA 91.7% (210/229) of
women with infection with complications. The NICE-
RST-PP/PA identified 97.7% (83/85), and the MSI
identified 95.7% (313/327) of women with SMO as be-
ing at risk of developing sepsis. Similarly, the MSI and
NICE-RST-PP/PA scores triggered for 94.1% (704/748)
and 90.7% (194/214) of women who had a hospital stay
of over a week, and 95.4% (165/173) and 90.6% (48/53)
of women admitted to the intensive care unit (ICU) for
at least three days, respectively. The EMIP also triggered
for many women, identifying 81.5% (729/895) women
with suspected or confirmed infection, 86.2% (313/363)
with infections with complications, and 88.1% (156/177)
with SMO to be at risk for sepsis. Generally, the
obstetric-modified versions of the scores were triggered
in more women with severe maternal outcomes
compared to the non-obstetric scores. For example,
mSIRS triggered in 89.2% (116/130) of women with
SMO and in 93.5% (72/77) of women admitted to ICU,
compared to SIRS, which triggered in only 62.9% (161/
256) of women with SMO and 66.7% (96/144) of
women admitted to ICU.

Diagnostic accuracy of EWS
Our testing for diagnostic accuracy of EWS (Table 2) to
identify women at risk for sepsis-related SMOs showed
that while the NICE-RST-PP/PA and MSI both had high
sensitivities (97.6% and 95.7%) among women with
infection-related SMO, their specificities was very low,
only 11.8% and 5.9%, with diagnostic odds ratios (DOR)
of 5.56 (95% CI 1.25–24.67) and 1.41 (95% CI 0.74–2.7),
respectively. In contrast, the OmqSOFA had a low
sensitivity of 38.0% and a high specificity of 90.4% with
a DOR of 5.79 (95% CI 3.12–10.74). The qSOFA-P
showed low sensitivity (21.6%) but high specificity
(100%) for identifying women at risk of sepsis-related
SMOs.

Among the high and upper-middle-income coun-
tries, 105 women had infection-related SMO
(Supplementary file S9). The NICE-RST-PP/PA (sensi-
tivity 95.65%, DOR 3.38 [95% CI 0.38–29.95]) and EMIP
(sensitivity 84.62%, DOR 1.43 [95% CI 0.55–3.71]) were
the two scores with the highest sensitivity, whereas the
SOS (specificity 99.95%, very high DOR 22 [95% CI
2.81–172.14]) and qSOFA-P (specificity 100%, very high
www.thelancet.com Vol 79 January, 2025
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Baseline information   
Corticosteroids during 
pregnancy 

                     

Blood transfusion                      

Immunosuppressors                      

Chemotherapy                      

Clinical signs at presentation   
Altered mental 
status/Glasgow coma 
score 

                     

Temperature                      
Respiratory rate                      
Heart rate                      
Systolic blood pressure                      

Diastolic blood pressure                      

Urine passing/output                      
Pulse oximetry                      

Hemogram   

WBC count                      

Gasometry   

Oxygen saturation                      

PaCO2                      

Other labs   

Lactate                      

Other clinical signs   

Decreased capillarity refill 
or mottling 

                     

Fetal heart rate                      

Primary source of infection   

Endometritis                      

Skin/soft tissue                      

Complications   

Postpartum haemorrhage                      
Abortion-related 
haemorrhage 

                     

Prolonged rupture of 
membranes 

                     

Manual removal of 
placenta 

                     

Fig. 1: Early warning systems and composition of each score. Shadowed boxes mean that those variables are needed for the specific EWS.
Shadowed boxes means that those variables are needed for the specific EWS. FAST-M: fluids, Antibiotics, Fluids, Antibiotics, source identifi-
cation and control, transfer to an appropriate level of care, and ongoing monitoring of mother and neonate; FAST-M_RF: Fluids, Antibiotics,
source identification and control, transfer to a proper level of care, and ongoing monitoring of mother and neonate red flags; IMEWS: Irish
Maternity Early Warning System; MEOWS A-F: Modified early obstetric warning score; MEWT: Maternal Early Warning Trigger; NICE-RST-P:
National Institute for Health and Care Excellence Risk Stratification Tool for pregnancy; NICE-RST-PP/PA: National Institute for Health and Care
Excellence Risk Stratification Tool for postpartum or post-abortion; qSOFA: quick Sequential Organ Failure Assessment; SIRS: Systemic in-
flammatory response syndrome; SOS: Sepsis in Obstetrics Score; mSIRS: maternity systemic inflammatory response syndrome; OmqSOFA:
Obstetrically modified quick Sequential Organ Failure Assessment; qSOFA-P: quick Sequential Organ Failure Assessment in Pregnancy; EMIP:
Early Maternal Infection Prompt; SI: Shock Index; MSI: Modified Shock Index; mSIRS.
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2 870 women 
included in study 

2901 from Western European countries 
20 maternal deaths not related to infections 

2 560 women with suspected or confirmed2 infections 
included in this analysis. 

1 580 (61.7%) women 
with severe maternal 

infection 

599 (23.4%) maternal 
infection with 
complications3 

381 (14.9%) infection-
related severe maternal 

outcomes4 

355 (13.9%) 
infection-related 

maternal near-miss5 

26 (1.0%)  
infection-related 
maternal deaths 

18 infections as 
underlying cause6 

8 infections as 
contributing cause7 

Fig. 2: Study flowchart of included women by infection severity. The dotted line indicates women included in this analysis. 1290 women
using a modified protocol in Western European countries (Belgium, Denmark, Italy, Spain, the Netherlands, and the United Kingdom) were
excluded. 2Sources of infection were confirmed clinically, radiologically, or microbiologically. 3Maternal infections with complications were
defined as women needing intensive care unit admission or invasive procedures to treat the source of infection or transfer. 4Infection-related
severe maternal outcomes were defined as near miss or death. 5A proportion of women with infection-related severe maternal outcomes
met at least one WHO near-miss criterium. 6Among the maternal deaths caused by an underlying infection, seven deaths were due to direct
causes, five were due to abortion, and six were due to indirect causes. 7Among the maternal deaths with infection as a contributing cause
were two deaths due to obstetric haemorrhage, one due to hypertensive disorder, one other direct cause, two due to indirect cause, and 2
with unknown cause.
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PPV 1.0 [95% 0.69–1.0]) had the highest specificities. In
low and lower-middle-income countries, there were 276
women with infection-related SMO. The NICE-RST-PP/
PA (sensitivity 98.39%, high DOR 7.63 [95% CI
0.10–60.61]) and mSIRS (sensitivity 91.76%, DOR 4.29
[95% CI 1.69–10.86]) had high sensitivity, whereas the
SOS (specificity 97.82%, high DOR 9.12 [95% CI
3.98–20.87]) and qSOFA-P (specificity 100%, high PPV
1.0 [95% CI 0.84–1.0]) were highly specific scores.

Efficacy of EWS
When assessing the efficacy of EWS in identifying
women at risk of sepsis, the NICE-RST-PP/PA score fell
in the “acceptable efficacy” zone for ruling out sepsis
(Fig. 3). The qSOFA-P and OmqSOFA scores fell in the
acceptable efficacy zone for ruling in sepsis. None of the
EWS fell in the optimal zone, with most EWS falling in
the mediocre zone, considered suboptimal for detecting
or excluding the development of sepsis among women
with SMOs.

Machine learning analysis
The trained models that presented the best diagnostic
metrics use statistical approaches such as Naive Bayes
and Logistic Regression. Modelling combinations of
sepsis markers (clinical and laboratory variables) ob-
tained on day 0 (model 2) and day +1 (model 3) revealed
notably high specificity (0.97–1.00), robust area under
the receiver operating characteristic (AUROC)
(0.75–0.85), and high odds ratio values (14.61–30.2).
However, the combinations also had low sensitivity
(Supplementary file S10).
www.thelancet.com Vol 79 January, 2025
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Early warning
system

All women with
suspected or confirmed
infections (N = 2560)

Infections with
complications
(N = 980)

Severe maternal
outcomes related to
infections (N = 381)

Length of hospital
stay > 7 days
(N = 868)

ICU admission ≧
3 days (N = 182)

Obstetric scores—not sepsis specific

FAST-M 343/1154 (29.7%) 168/447 (37.6%) 89/165 (53.9%) 124/398 (31.2%) 59/95 (62.1%)

FAST-M red flag 324/1532 (21.2%) 179/614 (29.1%) 115/254 (45.3%) 145/559 (25.9%) 72/140 (51.4%)

IMEWS 1214/1870 (64.9%) 555/764 (72.6%) 249/303 (82.2%) 472/674 (70.0%) 140/158 (88.6%)

MEOWS A 952/1858 (51.2%) 447/761 (58.7%) 220/302 (72.9%) 381/669 (57.0%) 124/158 (78.5%)

MEOWS B 967/1868 (51.8%) 449/764 (58.8%) 224/303 (73.9%) 375/673 (55.7%) 127/158 (80.4%)

MEOWS C 992/1869 (53.1%) 459/764 (60.1%) 227/303 (74.9%) 385/288 (57.2%) 128/158 (81%)

MEOWS D 384/1892 (20.3%) 236/772 (30.6%) 154/309 (49.8%) 186/678 (27.4%) 82/158 (51.9%)

MEOWS E 405/1870 (21.7%) 238/764 (31.1%) 150/303 (49.5%) 187/674 (27.7%) 83/158 (52.5%)

MEOWS F 695/1866 (37.2%) 362/761 (47.6%) 197/302 (65.2%) 302/672 (44.9%) 111/157 (70.7%)

MEWT (pregnant women) 59/749 (7.9%) 39/189 (20.6%) 28/91 (30.8%) 27/218 (12.4%) 20/58 (34.4%)

SOS 75/1957 (3.8%) 57/791 (7.2%) 49/315 (15.6%) 38/704 (5.4%) 18/161 (11.2%)

Obstetric scores—sepsis specific

NICE-RST (Postpartum/Postabortion) 354/426 (83.1%) 210/229 (91.7%) 83/85 (97.7%) 194/214 (90.7%) 48/53 (90.6%)

NICE-RST (Pregnant Women) 317/517 (55.5%) 86/132 (65.2%) 43/64 (67.2%) 100/169 (59.2%) 33/41 (80.5%)

mSIRS 437/625 (69.9%) 206/254 (81.1%) 116/130 (89.2%) 226/307 (73.6%) 72/77 (93.5%)

OmqSOFA (pregnant women) 126/797 (15.8%) 78/323 (24.1%) 53/166 (31.9%) 56/376 (14.9%) 39/89 (43.8%)

qSOFA-P (pregnant women) 42/730 (5.75%) 31/287 (10.8%) 31/144 (21.5%) 19/348 (5.5%) 19/79 (24.1%)

EMIP (pregnant women) 729/895 (81.5%) 313/363 (86.2%) 156/177 (88.1%) 337/404 (83.4%) 87/98 (88.8%)

Scores –not obstetric or sepsis specific

qSOFA 317/1711 (18.5%) 166/683 (24.3%) 96/270 (35.6%) 122/605 (20.2%) 55/148 (37.2%)

SIRS 554/1505 (36.8%) 286/614 (46.6%) 161/256 (62.9%) 236/547 (43.1%) 96/144 (66.7%)

SI 204/857 (23.8%) 87/326 (26.7%) 47/151 (31.1%) 96/399 (24.1%) 21/81 (25.9%)

MSI 1994/2114 (94.3%) 780/824 (94.7%) 313/327 (95.7%) 704/748 (94.1%) 165/173 (95.4%)

For all calculations, the numerator represents the number of women for whom the EWS was triggered, and the denominator represents the number of women included in
any given group whom the EWS could be measured given data available. FAST-M: fluids, Antibiotics, Fluids, Antibiotics, source identification and control, transfer to an
appropriate level of care, and ongoing monitoring of mother and neonate; FAST-M_RF: Fluids, Antibiotics, source identification and control, transfer to a proper level of
care, and ongoing monitoring of mother and neonate red flags; IMEWS: Irish Maternity Early Warning System; MEOWS A-F: Modified early obstetric warning score; MEWT:
Maternal Early Warning Trigger; NICE-RST-P: National Institute for Health and Care Excellence Risk Stratification Tool for pregnancy; NICE-RST-PP/PA: National Institute for
Health and Care Excellence Risk Stratification Tool for postpartum or post-abortion; qSOFA: quick Sequential Organ Failure Assessment; SIRS: Systemic inflammatory
response syndrome; SOS: Sepsis in Obstetrics Score; mSIRS: maternity systemic inflammatory response syndrome; OmqSOFA: Obstetrically modified quick Sequential Organ
Failure Assessment; qSOFA-P: quick Sequential Organ Failure Assessment in Pregnancy; EMIP: Early Maternal Infection Prompt; SI: Shock Index; MSI: Modified Shock Index.

Table 1: Distribution of triggered early warning score systems for all women, with complicated infections, with severe maternal outcomes, with more
than seven days of hospitalization, and with more than two days in the intensive care unit (ICU) (N = 2560).

Articles
Discussion
We aimed to assess the efficacy of diagnostic criteria for
sepsis using existing EWS, drawing upon data from
2560 women participating in the GLOSS. Our analysis
centred on the performance of 21 EWS in identifying
pregnant or recently pregnant women at risk of devel-
oping severe maternal outcomes related to sepsis, using
routine clinical data obtained during hospitalisation for
suspected or confirmed infections.

Our analysis found that obstetric- and sepsis-
specific EWS performed better for early identification
of maternal sepsis. At the same time, the non-obstetric
and non-sepsis scores, such as qSOFA and SIRs, per-
formed poorly. Researchers have reported that non-
obstetric qSOFA is a poor predictor of adverse out-
comes in pregnant patients with sepsis.19 Pregnancy-
specific modifications, or “qSOFA-P,” significantly
improve the ability of the score to predict severe
www.thelancet.com Vol 79 January, 2025
maternal morbidity.19 The SIRS criteria has been re-
ported to over-trigger in pregnant women without
clinical significance.20 In our study, the mSIRS per-
formed better in detecting infection-related SMOs than
the non-obstetric SIRS score, with higher sensitivity
(89.2% vs 62.9%). The mSIRS likely incorporates ad-
justments that make it more tailored to the physio-
logical changes in pregnancy, reducing the likelihood
of over-flagging women who are not clinically deterio-
rating. The overwhelming evidence that vital sign
ranges change during pregnancy in a gestation-specific
manner justifies the development and use of obstetric-
specific criteria to diagnose maternal sepsis.21 Never-
theless, attention must be directed towards optimising
obstetric-specific sepsis scores by implementing
evidence-based calibration of vital sign thresholds
within obstetric early warning score systems that can
be globally applicable.22
7
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Early warning system Sensitivity Specificity Positive Likelihood
Ratio (95% CI)

Negative Likelihood
Ratio (95% CI)

Diagnostic Odds
Ratio (95% CI)

J statistic
[Youden’s Index]
(95% CI)

Obstetric scores—not sepsis specific

FAST-M 53.9 72.0 1.92 (1.52–2.43) 0.64 (0.53–0.77) 3.01 (2.01–4.50) 0.26

FAST-M red flag 45.3 82.2 2.55 (1.96–3.30) 0.67 (0.59–0.75) 3.83 (2.65–5.52) 0.27

IMEWS 82.2 33.6 1.24 (1.14–1.35) 0.53 (0.40–0.70) 2.34 (1.64–3.32) 0.16

MEOWS A 72.8 50.5 1.47 (1.31–1.65) 0.54 (0.44–0.66) 2.74 (2.01–3.75) 0.23

MEOWS B 73.9 51.2 1.51 (1.35–1.70) 0.51 (0.41–0.63) 2.97 (2.17–4.07) 0.25

MEOWS C 74.9 49.7 1.49 (1.33–1.66) 0.50 (0.41–0.63) 2.95 (2.15–4.05) 0.25

MEOWS D 49.8 82.3 2.81 (2.24–3.53) 0.61 (0.54–0.69) 4.62 (3.33–6.40) 0.32

MEOWS E 49.5 80.9 2.59 (2.08–3.23) 0.62 (0.55–0.70) 4.16 (3.01–5.74) 0.30

MEOWS F 65.2 64.1 1.81 (1.57–2.10) 0.54 (0.46–0.64) 3.34 (2.47–4.53) 0.29

MEWT (Pregnant Women) 30.8 88.8 2.74 (1.45–5.18) 0.78 (0.67–0.91) 3.52 (1.63–7.59) 0.20

Obstetric scores—sepsis specific

NICE-RST (Postpartum/Postabortion) 97.6 11.8 1.11 (1.03–1.19) 0.20 (0.05–0.84) 5.56 (1.25–24.67) 0.09

NICE-RST (Pregnant Women) 67.2 36.8 1.06 (0.83–1.36) 0.89 (0.56–1.43) 1.19 (0.58–2.44) 0.04

mSIRS 89.2 27.4 1.23 (1.09–1.39) 0.39 (0.22–0.7) 3.13 (1.58–6.18) 0.17

OmqSOFA (pregnant women) 38.0 90.4 3.97 (2.36–6.68) 0.69 (0.6–0.78) 5.79 (3.12–10.74) 0.28

qSOFA-P (pregnant women) 21.6 100 bINF 0.78 (0.72–0.85) bINF 0.22

EMIP (pregnant women) 88.1 15.6 1.04 (0.96–1.13) 0.76 (0.45–1.28) 1.37 (0.75–2.51) 0.04

Scores—not obstetric or sepsis specific

qSOFAa 35.6 83.1 2.10 (1.61–2.74) 0.78 (0.70–0.86) 2.70 (1.89–3.87) 0.19

SIRSa 62.9 65.1 1.80 (1.52–2.13) 0.57 (0.48–0.68) 3.16 (2.26–4.41) 0.28

SI 31.1 77.1 1.36 (0.95–1.95) 0.89 (0.78–1.02) 1.53 (0.93–2.50) 0.08 (−0.06 to 0.22)

MSI 95.7 5.9 1.02 (0.99–1.05) 0.72 (0.39–1.34) 1.41 (0.74–2.7) 0.02 (−0.03 to 0.06)

aFor women enrolled in the study during their stay in the intensive care unit (ICU). bINF = Impossible to calculate, for the sensitivity or 1-specificity values correspond to
100% of the sample with or without sepsis. FAST-M: fluids, Antibiotics, Fluids, Antibiotics, source identification and control, transfer to an appropriate level of care, and
ongoing monitoring of mother and neonate; FAST-M_RF: Fluids, Antibiotics, source identification and control, transfer to a proper level of care, and ongoing monitoring of
mother and neonate red flags; IMEWS: Irish Maternity Early Warning System; MEOWS A-F: Modified early obstetric warning score; MEWT: Maternal Early Warning Trigger;
NICE-RST-P: National Institute for Health and Care Excellence Risk Stratification Tool for pregnancy; NICE-RST-PP/PA: National Institute for Health and Care Excellence Risk
Stratification Tool for postpartum or post-abortion; qSOFA: quick Sequential Organ Failure Assessment; SIRS: Systemic inflammatory response syndrome; SOS: Sepsis in
Obstetrics Score; mSIRS: maternity systemic inflammatory response syndrome; OmqSOFA: Obstetrically modified quick Sequential Organ Failure Assessment; qSOFA-P:
quick Sequential Organ Failure Assessment in Pregnancy; EMIP: Early Maternal Infection Prompt; SI: Shock Index; MSI: Modified Shock Index.

Table 2: Diagnostic accuracy for sepsis-related severe maternal outcomes (near-miss or death) (N = 2560).
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An effective EWS for maternal sepsis should accu-
rately confirm or rule out the condition, enabling
prompt identification and escalation of care.23 Clinical
application of EWS may necessitate a trade-off between
sensitivity and specificity when selecting the ideal EWS
for different clinical contexts. For instance, the NICE-
RST-PP/PA has high sensitivity but low specificity and
is recommended by the National Institute for Health
and Care Excellence for in-patient use in the United
Kingdom.24 As the NICE-RST-PP/PA incorporates a
serum lactate measurement, it would be considered a
good score for use in high-resource settings where
point-of-care devices and better laboratory capacity exist.
With equally high sensitivity, the MSI score would be a
better fit for low-resource settings, where a single
reading using a digital blood pressure machine provides
the required vital signs.25 In this study, EWS demon-
strated consistent performance in higher and lower-
resourced settings. For example, the NICE-RST-PP/
PA, mSIRS, and EMIP all had high sensitivity (but
low specificity) in both high and low-resource settings.
The OmqSOFA and qSOFA scores had high specificity
(with low sensitivity) in both settings. However, the
GLOSS study observed significant differences in infec-
tion frequency and maternal outcomes, resource avail-
ability variations, and differing admission thresholds to
identify or treat complications between high- and low-
income settings.14

Finding the right balance between the sensitivity and
specificity of EWS is crucial for accurate patient care in
both high- and low-resource settings. Although an ideal
EWS should have high sensitivity to detect sepsis
promptly and prevent severe maternal outcomes, this
can result in many false positive cases, which could be
wasteful. Using high-specificity EWS to identify
maternal sepsis cases and accurately avoid missed di-
agnoses may be preferred in some settings. This
approach can help prevent overwhelming healthcare
services and ensure proper care for women with other
medical conditions in settings with limited capacity. On
www.thelancet.com Vol 79 January, 2025
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Fig. 3: Receiver operating characteristic curve (ROC) Plot showing five zones of the zombie plot (ROC plot divided into zones) of early warning
systems efficacy for identifying the development of sepsis-related severe maternal outcomes. The white and green zones form a slender,
boomerang-shaped area of acceptable efficacy in the upper left corner. If the sensitivity and specificity values of an EWS (and their 95%
confidence interval) lie within the boomerang-shaped area, then that EWS has acceptable diagnostic credibility. LR+: Positive likelihood ratio; LR-
: Negative Likelihood ratio; EMIP: Early Maternal Infection Prompt; FAST-M: Fluids, Antibiotics, Fluids, Antibiotics, Source identification and
control, Transfer to an appropriate level of care, and ongoing Monitoring of mother and neonate; FAST-M_RF: Fluids, Antibiotics, Source
identification and control, Transfer to a proper level of care, and ongoing Monitoring of mother and neonate red flags; IMEWS: Irish Maternity
Early Warning System; MEOWS A–F: Modified early obstetric warning score; MEWT: Maternal Early Warning Trigger; MSI: Modified Shock Index;
mSIRS: maternity systemic inflammatory response syndrome; omqSOFA: Obstetrically modified quick Sequential Organ Failure Assessment;
qSOFA: quick Sequential Organ Failure Assessment; SI: Shock Index; SIRS: Systemic inflammatory response syndrome; NICE-RST-P: National
Institute for Health and Care Excellence Risk Stratification Tool for pregnancy; NICE-RST-PP/PA: National Institute for Health and Care Excellence
Risk Stratification Tool for postpartum or post-abortion.

Articles
the other hand, an EWS with high sensitivity but lower
specificity may lead to numerous referrals for costly
diagnostic procedures, also overwhelming healthcare
systems. On the other hand, an EWS with high speci-
ficity but low sensitivity might result in missed cases
and delayed treatment. The optimal strategy may involve
using different tests for different stages of diagnosis or
employing a combination of high sensitivity and speci-
ficity tests to balance accuracy and efficiency. For
example, the measurement of blood lactate forms a key
part of sepsis management and risk stratification in
current international guidelines, where, in practice, a
positive qSOFA (>2) score calculation is routinely
www.thelancet.com Vol 79 January, 2025
followed up with a serum lactate test. This sequential
testing has been proven to be a good predictor of poor
outcomes in high-income countries,26 where point-of-
care lactate testing devices make the result rapidly
available. A current multi-country study is underway to
determine the additional diagnostic value of blood
lactate in addition to conventional vital signs in maternal
patients in low-resource settings.25

Our analysis identified no ideal EWS from the
existing tools published or using machine learning to
optimise a new score. It is, therefore, critical to consider
the intended use and context in which the tool will be
used before concluding its usefulness. This
9
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consideration is crucial in selecting the most appro-
priate EWS for a given clinical context. For instance, the
FAST-M score was designed with high thresholds for
the vital sign triggers, which would reduce false-positive
results. This was because of concerns in low-resource
settings where triggering a bundle of care could
rapidly overwhelm the limited provider capacity, with
subsequent trigger fatigue if the tool were regularly
being inappropriately triggered in women who are not
at risk of adverse outcomes.27 Meanwhile, other scores
may only prompt further investigation with fewer
consequences for over-triggering. Some scores are
tailored for specific populations or clinical scenarios.
Our analysis compared all scores, regardless of their
intended purpose, to patient data retrieved from hos-
pital records at specific time points without consid-
ering the condition’s severity at study entry. The
limitation of any tool is that it will need to be used
alongside clinical judgement and experience, including
communication with the patient or their caregivers,
who may also offer insights into their changing con-
dition and with careful monitoring of trends over time.
Clinicians need to be aware of these limitations in the
available tools, so they are willing to reconsider a
diagnosis if the clinical condition changes.

Our study retrospectively applied EWS to GLOSS
data. The real-world use of EWS depends on the ease of
use of each score and the availability of the various
components for calculation and interpretation. Howev-
er, it is crucial to note that we did not assess the barriers
and facilitators of using EWS when infection is first
suspected or confirmed. We found that essential patient
data, such as the Glasgow Coma Scale (GCS) and tem-
perature, was absent for over 50% of participants. Out of
the 21 scores analysed in this study, 17 required the
inclusion of the GCS and 16 need temperature readings
in their score calculations. The high proportion of
missing data for key clinical parameters significantly
hampers the accuracy and reliability of evaluating the
performance of EWS. Additionally, the diagnostic
capability of these EWS for detecting severe adverse
outcomes is compromised, given that these scores rely
on vital signs of physiological function crucial to life.
The lack of specific data may indicate insufficient
monitoring (a healthcare quality factor), or healthcare
providers may use different vital sign combinations to
detect sepsis-related deterioration (a resource-limiting
factor). For instance, the high percentage of missing
data for PaCO2, serum lactate, pulse oximetry, and
urine output could indicate differences in resource
availability for medical equipment or infrastructure
needed to measure these parameters. This further
highlights the need for the use of context-appropriate
EWS. The missing parameters in this study meant we
could only apply the scores to the maternal patients
whose data was complete. Our findings suggest that
using obstetric-specific EWS is beneficial for
identifying SMOs related to sepsis. However, recent
studies have produced conflicting results. Bauer et al.
found that non-obstetric sepsis screening tools were
more effective during pregnancy and up to 3 days after
childbirth compared to pregnancy-adjusted sepsis
screening tools.28 Therefore, establishing a stand-
ardised approach for assessing sepsis risk in obstetric
patients is crucial, given the ample evidence support-
ing the effectiveness and benefits of EWS in prevent-
ing avoidable adverse outcomes in the general
population.29 EWS offer broader advantages by aiding
clinical decision-making, particularly in settings with
limited access to advanced diagnostic tools. By
tracking changes in a patient’s condition over time
and promoting thorough record-keeping, EWS can
contribute to improved quality and consistency of
care.30 Implementing EWS can also help prioritise care
for critically ill women, ensuring that those in im-
mediate need receive attention despite limited re-
sources. EWS can be easily taught to healthcare
workers, empowering staff in resource-limited set-
tings to recognise and respond to signs of sepsis,
particularly in the absence of experienced clinicians.31

Overall, integrating EWS into the care of obstetric
patients can be a valuable strategy for effectively
managing and preventing maternal sepsis.

This study provides a real-world application and
assessment of EWS using routine clinical data from
medical records of pregnant or recently pregnant
women with suspected or confirmed infections on a
global scale. The data collected from women hospital-
ised in low, middle, and high-income countries provides
substantial evidence on preventive measures against
life-threatening complications related to infection. As no
EWS was sufficiently accurate in our study, it suggests
there is a potential gap in EWS for the maternal popu-
lation that future research into new or refined scores
should aim to address.

The analysis has limitations, including data collec-
tion at only three-time points focused on the time of
confirmation or first suspicion of infection. This ne-
cessitates further high-quality studies to broadly explore
the accuracy of EWS in identifying infection-related se-
vere maternal outcomes and sepsis in the obstetric
population. The generalizability of the findings to all
contextual and clinical settings is limited, mainly due to
variations in resource availability and healthcare prac-
tices. These limitations highlight the need for further
research and improvement in the early identification of
maternal sepsis.

There is a pressing need to continue developing and
testing criteria for early identification of maternal sepsis.
With the limited accuracy of existing tools, more
research is required to test biological markers and other
diagnostic criteria. Without the ideal EWS, tools will
need to be selected to optimise performance based on
the use case’s requirements and broader clinical context.
www.thelancet.com Vol 79 January, 2025
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