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Summary 
Background Postpartum haemorrhage (excessive bleeding after birth) is a leading cause of maternal mortality and 
morbidity worldwide. However, there is no global consensus on which clinical markers best define excessive bleeding 
or reliably predict adverse maternal outcomes. The aim of this study was to assess the prognostic accuracy of clinical 
markers of postpartum bleeding in predicting maternal mortality or severe morbidity. 

Methods In this individual participant data meta-analysis, eligible datasets were identified through a global call for 
data issued by WHO and systematic searches of PubMed, MEDLINE, Embase, the Cochrane Library, and WHO trial 
registries (from database inception to Nov 6, 2024). Studies were eligible if they included at least 200 participants 
with objectively measured blood loss or other clinical markers of haemodynamic instability, and reported at least 
one clinical outcome of interest. Individual participant data were requested for all eligible studies. For each dataset, 
we computed the prognostic accuracy of each clinical marker to predict a composite outcome of maternal mortality 
or severe morbidity (blood transfusion, surgical interventions, or admission to intensive care unit). Five clinical 
markers were assessed: measured blood loss, pulse rate, systolic blood pressure, diastolic blood pressure, and shock 
index. Results were meta-analysed through two-level mixed-effects logistic regression models, with a bivariate 
normal model used to generate summary accuracy estimates. Clinical marker and threshold selections were 
informed by a WHO expert consensus process, which placed emphasis on maximising prognostic sensitivity 
(preferably >80%) over prognostic specificity (preferably ≥50%). This meta-analysis was registered on PROSPERO 
(CRD420251034918).

Findings We identified 33 potentially eligible datasets and successfully obtained and analysed full data for 12 datasets, 
comprising 312 151 women. At the conventional threshold of 500 mL, measured blood loss had a summary prognostic 
sensitivity of 75·7% (95% CI 60·3–86·4) and specificity of 81·4% (95% CI 70·7–88·8) for predicting the composite 
outcome. The preferred sensitivity threshold was reached at 300 mL (83·9% [95% CI 72·8–91·1]), although at the 
expense of reduced specificity (54·8% [95% CI 38·0–70·5]). Prognostic performance improved with a decision rule 
that combined the use of either blood loss thresholds less than 500 mL (≥300 mL to ≥450 mL) and any abnormal 
haemodynamic sign (pulse rate >100 beats per min, systolic blood pressure <100 mm Hg, diastolic blood pressure 
<60 mm Hg, or shock index >1·0) or 500 mL or more of blood loss, with sensitivities ranging from 86·9% to 87·9% 
and specificities from 66·6% to 76·1%.

Interpretation Measured blood loss below the conventional threshold, combined with abnormal haemodynamic signs, 
accurately predicts women at risk of death or life-threatening complications from postpartum bleeding and could 
support earlier postpartum haemorrhage diagnosis and treatment. 
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Development and Research Training in Human Reproduction.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
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Introduction
Globally, an estimated 260 000 women die each year from 
complications of pregnancy and childbirth.1 Postpartum 
haemorrhage or excessive bleeding after birth, which 
affects millions of women annually, remains one of the 
leading causes of these deaths.2,3 Although deaths related 
to postpartum haemorrhage have been nearly eliminated 

in high-income countries, they remain disproportionately 
high in low-income and lower-middle-income countries, 
particularly in sub-Saharan Africa and south Asia.3 The 
inequities in access to effective prevention and treatment 
strategies to avoid postpartum haemorrhage deaths are a 
stark reminder of the unfinished global agenda on 
maternal health and rights.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(25)01639-3&domain=pdf
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Although some bleeding after birth is expected, there is 
no consensus on how much bleeding constitutes 
postpartum haemorrhage.4,5 Contemporary clinical 
practice tends to rely on standardised volumetric 
thresholds of blood loss (typically ≥500 mL for postpartum 
haemorrhage and ≥1000 mL for severe postpartum 
haemorrhage) to define abnormal postpartum bleeding.6 
However, these thresholds might not accurately reflect 
clinical risk, as individual tolerance to blood loss varies 
depending on factors such as circulating blood volume, 
haemoglobin concentration, and overall health status. 
These physiological factors are shaped by social 
determinants of health, including nutrition and access to 
care, and distribution of these determinants often exhibits 
social gradients.7 Consequently, a given volume of blood 
loss could be well tolerated by some women but 
catastrophic for others. 

To reduce preventable deaths and severe morbidity 
from postpartum haemorrhage, there is a need for more 
accurate diagnostic criteria to identify women at the 
highest risk of severe complications. Identifying effective 
prognostic clinical markers would enable earlier diagnosis 
and timely intervention, particularly in low-resource 
settings where delays in postpartum haemorrhage care 
are common. The aim of this study was to assess the 
prognostic accuracy of clinical markers of postpartum 
bleeding in predicting maternal mortality or severe 
morbidity in women giving birth. 

Methods
Search strategy and selection criteria
We conducted an individual participant data (IPD) meta-
analysis. Given the type of data required for assessing 
prognostic accuracy, a synthesis of aggregate data was 

Research in context

Evidence before this study
Postpartum haemorrhage remains a leading cause of maternal 
mortality globally, despite the availability of effective 
treatments. Early identification of women at risk of life-
threatening complications is essential to enable timely 
intervention with a first-response treatment bundle to avert 
death or severe morbidity. In clinical care, common markers of 
postpartum bleeding include volume of blood loss and changes 
in vital signs, such as pulse rate, blood pressure, and indices that 
combine these signs of haemodynamic changes (eg, shock 
index). However, there is no consensus on what clinical markers 
constitute excessive bleeding or which thresholds best predict 
serious maternal complications from postpartum bleeding. 
Available evidence on prognostic accuracy of these clinical 
markers is generally scarce, fragmented, and primarily derived 
from small, single-centre studies with heterogeneous 
methodologies. For example, blood loss is often 
underestimated in most clinical settings, and its sensitivity for 
detecting severe maternal outcomes varies widely depending 
on the threshold used and context. Similarly, although 
abnormal vital signs (eg, tachycardia, hypotension, and 
elevated shock index) are used to infer clinical deterioration, 
there is no clear evidence on which of these markers or their 
thresholds best predict maternal death or severe morbidity 
from postpartum bleeding. Systematic searches of PubMed, 
MEDLINE, Embase, the Cochrane Library, and WHO trial 
registries from inception to Nov 6, 2024, did not find any study 
that synthesised individual-level data across diverse 
populations to assess and compare the prognostic performance 
of these markers or established optimal thresholds for 
identifying women at highest risk of death or life-threatening 
complications.

Added value of this study
This study presents the most comprehensive prognostic 
analysis of postpartum haemorrhage data to date, 

incorporating individual-level data from 312 151 women across 
12 datasets from 23 countries and diverse care settings. By 
using individual participant data, the study offers robust 
estimates of prognostic accuracy of commonly used clinical 
markers (measured blood loss, pulse rate, systolic and diastolic 
blood pressure, and shock index) for predicting maternal death 
or severe morbidity. It is the first analysis to systematically 
assess the prognostic accuracy of these markers and their 
thresholds, both individually and in combination. The findings 
show that measured blood loss thresholds lower than the 
conventional 500 mL (eg, ≥300 mL) when combined with any 
abnormal haemodynamic signs provide greater sensitivity and 
acceptable specificity for identifying women at risk of death or 
severe morbidity. Prognostic accuracy improved further when 
analyses were restricted to women with vaginal births, whereas 
accuracy was lower for the caesarean birth population based on 
data from a single study, limiting confidence in findings for this 
subgroup. No substantial subgroup differences were observed 
by country income level and individual baseline risk of 
postpartum haemorrhage.

Implications of all the available evidence
Findings from this study support the use of measured blood 
loss thresholds of less than 500 mL (eg, 300 mL or more) in 
combination with abnormal haemodynamic signs or measured 
blood loss threshold of 500 mL or more (whichever occurs first) 
as a more accurate approach for early identification of women 
at risk of life-threatening postpartum haemorrhage. These 
diagnostic criteria have the potential to improve early diagnosis 
and timely intervention, as part of efforts to reduce maternal 
mortality and morbidity associated with postpartum 
haemorrhage. These results provide an evidence base and a 
strong rationale for revisiting the clinical practice and policy 
definitions of postpartum haemorrhage. 
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considered unlikely to be informative and an IPD meta-
analysis was pursued instead.8 The IPD approach enabled 
detailed exploration of multiple thresholds and 
combinations of clinical markers across diverse 
populations, subgroups, and care settings. 

Eligible studies were identified through a global call for 
data issued by WHO and systematic searches of PubMed, 
MEDLINE, Embase, the Cochrane Library, and WHO 
trial registries from database inception to Nov 6, 2024. 
Search terms included “pregnancy”, “birth”, and 
“postpartum haemorrhage” for the populations of 
interest combined with clinical markers (ie, blood loss, 
pulse, blood pressure, shock index, haemoglobin, and 
lactate; full strategy is in the appendix p 4). No language 
restrictions were applied. We screened reference lists of 
eligible studies and searched conference proceedings for 
additional unpublished data. 

Studies were eligible if they included cohorts of 
participants with prognostic accuracy data (including 
both predictor and response variables) regardless of the 
study design, either observational or experimental. 
Predictor variables had to include data on objectively 
measured blood loss (by weighing blood or through 
tools for volumetric assessment, such as calibrated 
drapes or measuring jars) or on objectively assessed 
clinical markers, such as pulse rate, respiratory rate, 
blood pressure, uterine tone, or any clinical signs of 
haemodynamic changes. Studies that relied solely on 
visually estimated blood loss were excluded due to the 
known inaccuracy of this method. Response variable 
data had to include at least one of the following clinical 
outcomes: all-cause maternal mortality, transfusion of 
whole blood or blood products, need for mechanical or 
surgical intervention to stop the bleeding (eg, uterine 
tamponade, laparotomy, vessel ligation, compression 
sutures, interventional radiology, or hysterectomy), 
maternal sepsis, organ failure, admission to high-
dependency or intensive care unit, or severe postnatal 
anaemia (<80 g/L). Datasets also had to contain data 
from at least 200 women, not be composed exclusively of 
women already diagnosed with postpartum 
haemorrhage, and contain data collected with a 
standardised protocol or through clinical or public 
health-care encounters after 1990. Eligible studies must 
have had previous ethics committee approval and the 
data holder had to be able to enter into a legal data 
sharing agreement with WHO.

Two authors (JA and SS) screened search results for 
potentially eligible studies and disagreements were 
resolved by discussion and consensus between the 
two authors. Authors of potentially eligible studies were 
invited by email (with up to three reminders) to respond 
to the WHO call for data. IPD were requested for all 
eligible studies, and principal investigators and their 
institutions were invited to contribute data via a secure 
WHO data portal and sign standard data sharing 
agreements. Data sharing agreements covered 

permissible data uses, access, and publication rights. 
Each data provider was asked to supply raw datasets, 
accompanying data dictionaries, original study protocols, 
and documentation of measurement methods. The 
acquired de-identified data were stored on an encrypted, 
access-restricted server at WHO headquarters, with audit 
trails for data access and modifications (appendix pp 5–6, 
18–21). Two authors (IG and CRW) independently 
assessed eligibility of studies, and any disagreements 
were resolved by discussion and consensus between the 
two authors.

Institutional review board approval was not required 
for this study because only previously collected, 
de-identified data were used. All contributing studies had 
received appropriate ethical approvals, and no new 
participant recruitment or data collection was done for 
the current study. The methods followed a prespecified 
protocol, which was registered with PROSPERO 
(CRD420251034918) and made publicly available via the 
WHO website. Minor deviations from the protocol and 
their justifications are described in the appendix (p 11). 
We report this IPD meta-analysis in accordance with the 
PRISMA-IPD guidelines; a completed checklist is 
provided in the appendix (pp 44–47). 

Outcomes
The statistical outcomes of interest were measures of 
prognostic accuracy, including sensitivity, specificity, 
diagnostic odds ratio (DOR), and positive and negative 
likelihood ratios by selected thresholds for each clinical 
marker (appendix pp 8–9). The prognostic outcome of 
interest was a composite outcome defined as maternal 
death or any of the following severe morbidities: 
transfusion of whole blood or blood products; 
mechanical or surgical interventions to control bleeding 
(uterine tamponade, laparotomy, compression sutures, 
hysterectomy, uterine artery ligation, or interventional 
radiology); or admission to an intensive care or high-
dependency unit. 

Data processing and analysis
We implemented a rigorous, prespecified protocol for 
data collection, processing, recoding, cleaning, quality 
checking, querying, and merging to ensure the integrity 
and high quality of the final dataset (appendix pp 5–8). 

Briefly, the variables in each eligible dataset were 
mapped against prespecified variables in the IPD 
protocol and crosschecked for accuracy, validity, and 
internal consistency against the original study protocols 
and published or unpublished reports. Individual 
participant data were extracted on maternal 
characteristics (age, parity, gestational age, mode of 
birth, induction or augmentation of labour, duration of 
labour, episiotomy, perineal tear, retained placenta, 
birthweight, and use of prophylactic uterotonics), 
clinical markers of postpartum bleeding (measured 
blood loss, pulse rate, systolic and diastolic blood 

See Online for appendix
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pressure, and shock index), and outcome data. The 
outcome was a composite of maternal death or life-
threatening morbidity, including transfusion, major 
surgery, and admission to intensive or high-dependency 
care. Although data collection on maternal ethnicity was 
planned, none of the included studies reported this 
variable. De-identified individual participant data were 
harmonised and recoded through standard protocols. All 
datasets underwent systematic integrity assessment 
checks adapted from the Cochrane Pregnancy and 
Childbirth Trustworthiness Screening Tool.9 

For clinical markers measured at several timepoints, 
we extracted values at defined intervals (15, 30, 45, and 
60 min postpartum) and used the most abnormal value 
before diagnosis of postpartum haemorrhage for the 
primary analysis. For measured blood loss, we extracted 
the total blood loss at the time of diagnosis, if available, 
and the cumulative total at the end of the measurement. 
We extracted the target prognostic outcome of interest 
occurring after birth and until hospital discharge, 
irrespective of the cause. Available data were checked for 
consistency and completeness by at least two authors 
(CRW and IG). At least two of three authors (CRW, IG, or 
JA) independently assessed the risk of bias and concerns 
about applicability in the individual studies with the 
Quality Assessment of Prognostic Accuracy tool.10 Risk of 
bias assessments were independently done by authors 
who had no involvement in the primary studies. Conflicts 
were resolved through discussion and consensus among 
authors. We calculated the number of eligible studies 
and participants for which we obtained IPD from the 
total number of eligible studies and participants 
identified, to assess the degree of potential selection bias 
in the final analysis.

We conducted a complete case analysis of data. We used 
a two-stage approach to estimate prognostic accuracy 
measures, including sensitivities, specificities, DORs, and 
likelihood ratios with their 95% CIs for different 
thresholds of each clinical marker. In stage one, we 
calculated the prognostic accuracy estimates per study. In 
stage two, we applied a random-effects meta-analysis with 
a two-level mixed logistic regression model with 
independent binomial distributions for the true positives 
and true negatives in each study, and a bivariate normal 
model for computing the summary sensitivities and 
specificities across studies.11 We present the results in 
tables and graphs to show the individual study estimates, 
summary curve from the hierarchical summary receiver 
operating characteristic (ROC), a summary operating 
point (eg, summary values for sensitivity and specificity), 
95% confidence region for the summary operating point, 
and 95% prediction region (ie, the confidence region for a 
forecast of the true sensitivity and specificity in a future 
study). 

We calculated the prognostic accuracy measures at 
50 mL incremental thresholds (above the median) for 
blood loss, at 10 beats per min for pulse rate, 10 mm Hg 

for systolic and diastolic blood pressure, and 0·1 unit for 
shock index. We considered a clinical marker as 
predictive when the DOR was greater than 2 for at least 
one threshold. We also examined the prognostic accuracy 
of three predefined decision rules combining clinical 
markers, to investigate whether combinations of 
markers improved accuracy compared with any 
individual marker alone. These rules were developed a 
priori based on clinical rationale, expert consensus, and 
literature review, following recommended principles for 
constructing composite rules to evaluate combinations 
of imperfect tests in diagnostic research.12 In the first 
decision rule, women were classified as at high risk of 
death or severe morbidity if any one marker was 
abnormal (eg, blood loss above the target threshold, 
pulse rate >100 beats per min (bpm) for tachycardia, 
systolic blood pressure <100 mm Hg or diastolic blood 
pressure <60 mm Hg for hypotension, or shock index 
score >1). In the second decision rule, women were 
classified as at high risk of death or severe morbidity if 
blood loss and at least one other clinical marker were 
abnormal. The third decision rule consisted of a 
composite point scoring system that assigned 1 point for 
blood loss thresholds lower than 500 mL, a maximum of 
1 point for any other abnormal haemodynamic marker 
(pulse rate >100 bpm, systolic blood pressure 
<100 mm Hg, diastolic blood pressure <60 mm Hg, or 
shock index >1), and 2 points for blood loss of 500 mL or 
more. Women were classified as at high risk if their total 
score was 2 points or more.

We explored heterogeneity through subgroup analyses 
done with the bivariate model by mode of birth (vaginal 
vs caesarean), country income level (low and lower-
middle income vs upper-middle and high income), and 
individual baseline postpartum haemorrhage risk (low 
vs high), when sufficient data for the subgroups were 
available. Participants were defined as having high 
baseline risk if they had any of the known risk factors, 
such as anaemia, grandmultiparity (five or more births), 
previous postpartum haemorrhage, previous caesarean 
birth, pre-eclampsia, a BMI of 30 kg/m² or more, 
induction of labour, episiotomy, retained placenta, a 
child with a birthweight of 4500 g or more, multiple 
pregnancy, and assisted vaginal birth or caesarean birth. 
We explored the robustness of the findings through 
sensitivity analyses done by removing populations with 
potentially different prognoses from the analyses (ie, 
participants who had volumetric assessment of blood 
loss and participants who had different thresholds for 
initiating treatment [eg, ≥300 mL instead of the 
conventional threshold of ≥500 mL]). Subgroup and 
sensitivity results were examined by comparing the 
differences in DORs and prediction graphs in summary 
ROC plots. 

A WHO technical consultation, involving 26 experts 
from all WHO regions, used a consensus-driven process 
to assess the relative importance of the prognostic 
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sensitivity versus specificity of clinical markers in the 
context of predicting maternal death or severe morbidity 
from postpartum bleeding. There was consensus that 
experts would value sensitivity over specificity. Most 
experts (22 [85%] of 26) at the consultation indicated a 
preference for higher sensitivity, emphasising the 
importance of correctly identifying women at high risk 
of adverse outcomes to ensure timely intervention. A 
small proportion (one [4%] of 26) prioritised specificity, 
favouring the avoidance of unnecessary treatment in 
women not at risk, and three (12%) of 26 experts valued 
both equally. The experts prioritised prognostic 
sensitivity over specificity because first-response 
treatment of postpartum haemorrhage can prevent 
adverse outcomes; carries few risks; and is affordable, 
widely available, and easily implementable—unlike 
refractory postpartum haemorrhage treatment, which is 
costly, less accessible, and requires specialist care. Based 
on this consensus, clinical markers and thresholds were 
considered diagnostically valuable if they had a 
sensitivity exceeding 80% and a specificity of at least 
50%.

We did all meta-analyses with metandi in Stata 
(version 17).

Role of the funding source
The funders of this study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of this report.

Results
We identified 33 potentially eligible datasets, including a 
total of 370 954 women. IPD data were successfully 
obtained from 18 datasets (representing data from 
314 547 women). 12 of these datasets were included in the 
final analysis, representing 312 151 (84·1%) of 
370 954 potentially eligible participants (figure 1).13–24 Four 
multicountry studies contributed more than 80% of all 
participants analysed. Three were individually 
randomised trials evaluating interventions to prevent 
postpartum haemorrhage,16,17,24 and the fourth was a 
cluster randomised trial that assessed the effectiveness of 
early diagnosis and treatment of postpartum 
haemorrhage.15 Most (306 109 [98·1%] of 312 047) women 
in the analysis gave birth vaginally. The rate of uterotonic 
prophylaxis was very high among study participants 
from studies that provided data on postpartum 
haemorrhage prophylaxis (105 046 [99·1%] of 
106 041 women). Characteristics of the included studies 
and participants are provided in the appendix (pp 22–26). 
Overall, risk of bias and applicability concerns were low 
across studies (appendix p 27). 

The final analysis evaluated five clinical markers 
(measured blood loss, pulse rate, systolic blood pressure, 
diastolic blood pressure, and shock index) for their 
accuracy to predict the composite outcome. All 12 datasets 
provided IPD on measured blood loss, with few missing 

data. Fewer datasets included participant data for the 
other markers (appendix pp 22–26). This missingness of 
data for other markers was largely due to differences in 
study design and data collection rather than within-study 
participant non-response. 

Meta-analysis of these studies showed a progressive 
reduction in sensitivity with increasing blood loss 
thresholds. For instance, a 200 mL threshold produced a 
summary sensitivity of 89·8% (95% CI 80·3–95·0), 
whereas sensitivity dropped to 47·9% (32·4–63·9) at a 
1000 mL threshold (table 1). The DOR remained higher 
than 2 across all thresholds for measured blood loss, 
suggesting a consistently meaningful prognostic 

Figure 1: Flowchart of study selection 
IPD=individual participant data. PI=principal investigator. PPH=postpartum haemorrhage. 

124 records (n=1 307 297 women) identified 
through database searching  

146 records (n=1 918 350 women) screened for eligibility 
after removing duplicates

33 eligible records for which IPD were sought (n=370 954)

18 records for which IPD were provided
314 547 participants for whom data were provided 

0 participants for whom no data were provided

12 records included in the IPD analysis 
312 151 participants included in the analysis

31 additional records (n=636 850 women)
identified through the open global call for data

9 duplicate records (n=25 797 women) removed

113 records were ineligible (n=1 547 396)
55 had insufficient sample size (n=3670)

3 had no ethics documentation (n=1427)
1 was a retracted study (n=600)

52 had no measured blood loss (n=1 539 153)
2 were ongoing studies (n=2546)

15 records for which IPD were not provided 
(n=56 407)
4 had no data sharing agreement obtained 

(n=41 739)
3 PIs did not have access or only had access to a 

partial dataset (n=3593)
5 did not respond after 3 emails (n=2623)
2 had the author clarify the study was ineligible 

(n=7485)
1 had an author initially respond but did not 

respond to follow-up (n=967)

6 records excluded after IPD review (n=2396)
6 had dataset restricted to women diagnosed 

with PPH (n =2396)
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performance. At the conventional threshold of 500 mL or 
more, measured blood loss achieved a sensitivity of 
75·7% (95% CI 60·3–86·4) and specificity of 81·4% 
(70·7–88·8). However, the predefined target for sensitivity 
(>80%) was achieved at a threshold of 300 mL or more 

(83·9% [95% CI 72·8–91·1]), but at the expense of a lower 
specificity of 54·8% (95% CI 38·0–70·5). 

Systolic and diastolic blood pressure, pulse rate, and 
shock index had similar trade-offs between prognostic 
sensitivity and specificity, although not all thresholds 

Sensitivity (95% CI) Specificity (95% CI) DOR (95% CI) LR+ (95% CI) LR– (95% CI)

Blood loss (n=305 523 women)

200 mL 89·8% (80·3–95·0) 30·9% (16·1–51·1) 4·0 (1·6–10·1) 1·3 (1·0–1·7) 0·3 (0·2–0·7)

250 mL 86·1% (76·4–92·2) 46·6% (30·7–63·1) 5·4 (3·0–9·7) 1·6 (1·2–2·1) 0·3 (0·2–0·5)

300 mL 83·9% (72·8–91·1) 54·8% (38·0–70·5) 6·3 (3·4–11·9) 1·9 (1·3–2·6) 0·3 (0·2–0·5)

350 mL 79·8% (68·6–87·7) 65·9% (51·0–78·2) 7·6 (4·4–13·3) 2·3 (1·6–3·3) 0·3 (0·2–0·5)

400 mL 78·9% (66·5–87·5) 71·2% (57·0–82·2) 9·3 (5·3–16·2) 2·7 (1·9–4·0) 0·3 (0·2–0·4)

450 mL 76·5% (63·1–86·1) 78·0% (66·4–86·4) 11·5 (6·7–20·0) 3·5 (2·4–5·1) 0·3 (0·2–0·5)

500 mL 75·7% (60·3–86·4) 81·4% (70·7–88·8) 13·6 (7·2–25·8) 4·1 (2·7–6·2) 0·3 (0·2–0·5)

550 mL 72·4% (55·3–84·7) 85·3% (76·6–91·2) 15·2 (7·4–31·3) 4·9 (3·2–7·7) 0·3 (0·2–0·5)

600 mL 70·9% (53·4–83·8) 87·3% (79·4–92·5) 16·8 (8·0–35·0) 5·6 (3·5–8·9) 0·3 (0·2–0·6)

700 mL 64·8% (47·3–79·0) 91·1% (85·1–94·9) 18·9 (9·6–37·2) 7·3 (4·6–11·7) 0·4 (0·2–0·6)

800 mL 58·9% (42·9–73·2) 93·7% (89·0–96·5) 21·4 (11·6–39·7) 9·4 (5·7–15·4) 0·4 (0·3–0·6)

1000 mL 47·9% (32·4–63·9) 97·1% (94·4–98·5) 30·5 (16·6–55·8) 16·3 (9·6–27·9) 0·5 (0·4–0·7)

Systolic blood pressure (n=31 567 women)

90 mm Hg 14·0% (6·0–29·3) 97·3% (91·2–99·2) 5·9 (2·8–12·3) 5·2 (2·5–10·9) 0·9 (0·8–1·0)

100 mm Hg 31·7% (18·8–48·2) 85·9% (68·5–94·5) 2·8 (1·5–5·5) 2·2 (1·2–4·1) 0·8 (0·7–0·9)

110 mm Hg 55·9% (41·8–69·1) 54·5% (33·5–74·0) 1·5 (1·0–2·3) 1·2 (1·0–1·6) 0·8 (0·7–0·9)

120 mm Hg 74·2% (62·1–83·5) 23·9% (11·8–42·7) 0·9 (0·6–1·4) 1·0 (0·9–1·1) 1·1 (0·8–1·5)

130 mm Hg 85·2% (77·7–90·4) 7·5% (3·0–17·4) 0·5 (0·3–0·9) 0·9 (0·9–1·0) 2·0 (1·1–3·6)

140 mm Hg 94·1% (88·9–96·9) 2·0% (0·6–6·2) 0·3 (0·1–0·7) 1·0 (0·9–1·0) 3·0 (1·3–6·6)

Diastolic blood pressure (n=31 567 women)

50 mm Hg 13·4% (5·1–30·8) 95·0% (85·2–98·4) 2·9 (1·3–6·3) 2·7 (1·3–5·5) 0·9 (0·8–1·0)

60 mm Hg 35·2% (21·0–52·8) 76·6% (53·7–90·3) 1·8 (1·0–3·1) 1·5 (1·0–2·4) 0·8 (0·7–1·0)

70 mm Hg 64·3% (48·3–77·7) 38·6% (22·5–57·7) 1·1 (0·7–1·8) 1·0 (0·9–1·3) 0·9 (0·7–1·2)

80 mm Hg 80·8% (70·6–88·1) 12·8% (6·7–22·9) 0·6 (0·4–0·9) 0·9 (0·9–1·0) 1·5 (1·1–2·1)

90 mm Hg 95·5% (89·6–98·1) 3·0% (1·5–5·7) 0·7 (0·4–1·2) 1·0 (1·0–1·0) 1·5 (0·8–2·7)

100 mm Hg 99·7% (82·8–100·0) 0·7% (0·3–1·4) 2·1 (0·0–104·4) 1·0 (1·0–1·0) 0·5 (0·0–22·6)

Pulse rate (n=12 716 women)

60 bpm 97·5% (94·7–98·9) 0·6% (0·1–3·2) 0·2 (0·0–1·5) 1·0 (1·0–1·0) 4·1 (0·6–26·0)

70 bpm 93·9% (85·5–97·6) 8·5% (5·0–14·1) 1·4 (0·7–2·8) 1·0 (1·0–1·1) 0·7 (0·4–1·3)

80 bpm 88·2% (72·6–96·5) 27·3% (20·2–35·8) 2·8 (1·3–5·9) 1·2 (1·1–1·3) 0·4 (0·2–0·9)

90 bpm 75·0% (50·4–89·9) 54·8% (46·0–63·3) 3·6 (1·5–8·7) 1·7 (1·4–2·0) 0·5 (0·2–0·9)

100 bpm 58·2% (30·4–81·5) 77·4% (70·7–83·0) 4·8 (1·1–21·5) 2·6 (1·8–3·7) 0·5 (0·3–1·0)

110 bpm 36·9% (18·6–60·0) 89·9% (85·5–93·1) 5·2 (2·5–10·8) 3·6 (2·3–5·8) 0·7 (0·5–1·0)

Shock index (n=12 716 women)

0·8 72·8% (59·0–83·3) 46·3% (32·6–60·6) 2·3 (1·3–4·2) 1·4 (1·1–1·7) 0·6 (0·4–0·9)

0·9 59·4% (41·6–75·0) 70·6% (56·1–81·8) 3·5 (1·7–7·3) 2·0 (1·3–3·1) 0·6 (0·4–0·9)

1·0 48·7% (27·6–70·3) 85·4% (74·6–92·1) 5·6 (2·3–13·8) 3·4 (1·9–6·1) 0·6 (0·4–0·9)

1·1 32·8% (16·6–54·4) 92·5% (85·7–96·2) 6·0 (2·5–14·5) 4·4 (2·2–8·8) 0·7 (0·6–1·0)

1·2 22·1% (9·3–44·2) 95·8% (91·3–98·0) 6·5 (2·8–15·1) 5·3 (2·6–10·6) 0·8 (0·7–1·0)

1·3 15·2% (4·3–41·3) 97·8% (94·9–99·0) 7·8 (2·8–21·5) 6·8 (2·9–16·0) 0·9 (0·7–1·1)

Bpm=beats per min. DOR=diagnostic odds ratio. LR+=positive likelihood ratio. LR–=negative likelihood ratio. 

Table 1: Prognostic accuracy estimates per threshold for each clinical marker for the composite outcome of maternal death or severe morbidity
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examined had good predictive value (table 1). For systolic 
and diastolic blood pressure, the sensitivity decreased 
and specificity increased substantially with each 
10 mm Hg decrement in threshold. DOR values were 
higher than 2 for systolic blood pressure of 100 mm Hg 
or lower and diastolic blood pressure of 50 mm Hg or 
lower, suggesting good discriminatory power at these 
thresholds. For pulse rate, sensitivity decreased and 
specificity increased sharply with every 10 bpm 
increment in threshold, although only thresholds above 
80 bpm had a DOR greater than 2. Shock index showed 
a similar pattern to pulse rate, with sensitivity decreasing 
and specificity increasing considerably with each 
0·1 unit increment in value; however, DOR remained 

greater than 2 for all thresholds, suggesting that it 
remained a useful predictor across the observed range 
of shock index scores. None of the clinical markers 
other than measured blood loss had any threshold that 
met the predefined target sensitivity exceeding 80% and 
specificity of at least 50% to justify their use as 
standalone clinical markers. The summary ROC curves 
showing the prognostic accuracy for each clinical 
marker for every available threshold are shown in the 
appendix (pp 28–33).

Visual inspection of the summary ROC plots for 
individual clinical markers shows moderate to substantial 
heterogeneity in prognostic accuracy across studies, as 
indicated by wide prediction regions around the 

Figure 2: Summary ROC curves for blood loss thresholds showing measurement of blood loss as a source of heterogeneity
The graphs show ROC curves for blood loss thresholds for the entire cohort (A) and for only the participants that had their blood loss weighed (B). HSROC=hierarchical summary receiver operating 
characteristic. ROC=receiver operating characteristic. 
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summary points for sensitivity and specificity (appendix 
pp 28–33). Comparison of summary ROC plots for blood 
loss thresholds in women with weighed blood loss to 
plots for all women show much narrower prediction 
regions (figure 2), suggesting that the method of blood 

loss assessment could be a key source of between-study 
heterogeneity in prognostic accuracy estimates across 
studies.

Table 2 summarises the prognostic performance of 
the three decision rules for blood loss thresholds of less 

Sensitivity (95% CI) Specificity (95% CI) DOR (95% CI) LR+ (95% CI) LR– (95% CI)

300 mL 

Rule 1: any abnormal clinical marker (blood loss ≥300 mL, 
pulse rate >100 bpm, systolic blood pressure <100 mm Hg, 
diastolic blood pressure <60 mm Hg, or shock index >1)

94·3 (87·5–97·5) 29·3 (15·0–49·2) 6·8 (3·5–13·4) 1·3 (1·1–1·7) 0·2 (0·1–0·4)

Rule 2: blood loss plus any other abnormal clinical marker 
(blood loss ≥300 mL and pulse rate >100 bpm, systolic blood 
pressure <100 mm Hg, diastolic blood pressure <60 mm Hg, 
or shock index >1)

63·4 (37·7–79·2) 82·9 (61·5–93·6) 6·7 (3·4–12·9) 3·4 (1·8–6·3) 0·5 (0·3–0·8)

Rule 3: ≥2 points on a composite point scoring system (blood 
loss 300–499 mL is 1 point; pulse rate >100 bpm, systolic 
blood pressure <100 mm Hg, diastolic blood pressure 
<60 mm Hg, or shock index >1 is 1 point; and blood loss 
≥500 mL is 2 points)

87·9 (76·1–94·3) 66·6 (st43·5–83·7) 14·4 (6·7–31·2) 2·6 (1·5–4·7) 0·2 (0·1–0·3)

350 mL

Rule 1: any abnormal clinical marker (blood loss ≥350 mL, 
pulse rate >100 bpm, systolic blood pressure <100 mm Hg, 
diastolic blood pressure <60 mm Hg, or shock index >1)

91·6 (82·6–96·2) 34·1 (15·7–59·0) 5·7 (3·0–10·6) 1·4 (1·0–1·9) 0·2 (0·2–0·4)

Rule 2: blood loss plus any other abnormal clinical marker 
(blood loss ≥350 mL and pulse rate >100 bpm, systolic blood 
pressure <100 mm Hg, diastolic blood pressure <60 mm Hg, 
or shock index >1)

63·9 (36·6–84·4) 84·2 (63·4–94·3) 9·5 (4·1–21·8) 4·1 (2·0–8·3) 0·4 (0·2–0·8)

Rule 3: ≥2 points on a composite point scoring system(blood 
loss 350–499 mL is 1 point; pulse rate >100 bpm, systolic 
blood pressure <100 mm Hg, diastolic blood pressure <60 
mm Hg, or shock index >1 is 1 point; and blood loss ≥500 mL 
is 2 points)

87·4 (75·4–94·0) 70·6 (48·5–86·0) 16·6 (7·0–39·6) 3·0 (1·6–5·5) 0·2 (0·1–0·3)

400 mL

Rule 1: any abnormal clinical marker (blood loss ≥400 mL, 
pulse rate >100 bpm, systolic blood pressure <100 mm Hg, 
diastolic blood pressure <60 mm Hg, or shock index >1)

91·7 (82·8–96·2) 37·0 (19·0–59·6) 6·5 (3·6–11·8) 1·5 (1·1–1·9) 0·2 (0·1–0·4)

Rule 2: blood loss plus any other abnormal clinical marker 
(blood loss ≥400 mL and pulse rate >100 bpm, systolic blood 
pressure <100 mm Hg, diastolic blood pressure <60 mm Hg, 
or shock index >1)

64·2 (36·2–85·0) 86·2 (66·9–95·0) 11·1 (4·6–26·9) 4·6 (2·2–9·7) 0·4 (0·2–0·8)

Rule 3: ≥2 points on a composite point scoring system (blood 
loss 400–499 mL is 1 point; pulse rate >100 bpm, systolic 
blood pressure <100 mm Hg, diastolic blood pressure 
<60 mm Hg, or shock index >1 is 1 point; and blood loss 
≥500 mL is 2 points)

87·4 (75·1–94·1) 73·1 (52·1–87·1) 18·8 (7·7–46·2) 3·2 (1·7–6·1) 0·2 (0·1–0·3)

450 mL

Rule 1: any abnormal clinical marker (blood loss ≥450 mL, 
pulse rate >100 bpm, systolic blood pressure <100 mm Hg, 
diastolic blood pressure <60 mm Hg, or shock index >1)

91·6 (81·1–96·5) 40·9 (20·1–65·5) 7·5 (4·1–13·7) 1·5 (1·1–2·2) 0·2 (0·1–0·3)

Rule 2: blood loss plus any other abnormal clinical marker 
(blood loss ≥450 mL and pulse rate >100 bpm, systolic blood 
pressure <100 mm Hg, diastolic blood pressure <60 mm Hg, 
or shock index >1)

64·3 (35·2–85·7) 88·6 (71·3–96·0) 14·0 (5·4–36·4) 5·6 (2·6–12·4) 0·4 (0·2–0·8)

Rule 3: ≥2 points on a composite point scoring system (blood 
loss 450–499 mL is 1 point; pulse rate >100 bpm, systolic 
blood pressure <100 mm Hg, diastolic blood pressure 
<60 mm Hg, or shock index >1 is 1 point; and blood loss 
≥500 mL is 2 points)

86·9 (74·2–93·9) 76·1 (56·7–88·5) 21·1 (8·0–55·3) 3·6 (1·9–6·9) 0·2 (0·1–0·3)

Decision rules 1–3 are based on analysis of 30 691 women. Bpm=beats per min. DOR=diagnostic odds ratio. LR+=positive likelihood ratio. LR–=negative likelihood ratio. 

Table 2: Prognostic accuracy estimates for combination of clinical markers by blood loss thresholds below 500 mL
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Figure 3: Subgroup accuracy estimates for a composite point scoring system combining blood loss between 300 and 499 mL with any other abnormal clinical marker and blood loss of 
500 mL or more
PPH=postpartum haemorrhage. 
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than 500 mL (≥300 mL to ≥450 mL). Across these blood 
loss thresholds, the first decision rule (any abnormal 
clinical marker) had high sensitivity (range 91·6–94·3%) 
but low specificity (29·3–40·9%); the second decision 
rule (blood loss and any other abnormal clinical marker) 
improved specificity (range 82·9–88·6%) but at the cost 
of sensitivity (63·4–64·3%); the third rule (a composite 
point scoring system) offered a more accurate and 
balanced performance for sensitivity (range 
86·9–87·9%) and specificity (66·6–76·1%), with the 
highest DOR (14·4–21·1; table 2). As blood loss 
thresholds increased, the third rule had an increase in 
specificity without any substantial change in sensitivity. 
The summary ROC curves showing the prognostic 
accuracy for each decision rule by blood loss thresholds 
are shown in the appendix (pp 34–36). These plots also 
show wide prediction regions, suggesting variability in 
prognostic estimates across studies. However, the 
widths of the prediction regions are partly attributable 
to the fewer number of studies contributing to the 
pooled estimates. 

Subgroup estimates for measured blood loss 
thresholds starting from 300 mL (which achieved the 
target sensitivity) to the 1000 mL threshold were 
generated by mode of birth, country income level, and 
individual participant baseline risk (appendix pp 37–39). 
For mode of birth, subgroup estimates were based on 
meta-analyses of 11 studies for vaginal births, whereas 
estimates for caesarean births were drawn from a single 
study. Prognostic accuracy generally improved for all 
blood loss thresholds for the vaginal birth subgroups, 
whereas diagnostic performance of these blood loss 
thresholds in the caesarean subgroups was substantially 
lower, largely due to lower specificity (appendix 
pp 37–39). No substantial subgroup differences were 
observed by country income level or baseline risk across 
the blood loss thresholds examined (appendix 
pp 37–39). Subgroup estimates were also generated for 
the decision rule combining either blood loss of 
300–499 mL plus any abnormal haemodynamic sign or 
blood loss of 500 mL or more by mode of birth, country 
income level, and individual participant baseline risk 
(figure 3). The prognostic estimates were much better 
for vaginal than caesarean births, although estimates 
for caesarean births were drawn from a single study, 
limiting the confidence in findings for this subgroup. 
However, no substantial difference was observed by 
country income level or baseline risk across the 
thresholds examined. 

Sensitivity analyses restricting analyses to women who 
were treated at the conventional blood loss threshold and 
those with weighed blood loss did not find any substantial 
differences in prognostic estimates (appendix pp 40–43). 

Discussion
Our IPD meta-analysis of more than 300 000 women 
provides robust evidence that measured postpartum 

blood loss is an accurate clinical marker for predicting 
maternal death or severe morbidity. At the conventional 
threshold of 500 mL or more, measured blood loss 
achieved a sensitivity of 76% and specificity of 81%, 
indicating reasonable overall prognostic performance. 
However, a WHO global technical consultation 
underscored the importance of prioritising sensitivity in 
this context, with experts favouring earlier identification 
of women at risk over minimising false positives. In line 
with the preference of the WHO technical consultation 
experts, a threshold of 300 mL or more for measured 
blood loss met the desired sensitivity of more than 80%, 
but with reduced specificity (although this still met the 
prespecified sensitivity criterion of at least 50%). 
However, combining blood loss at the threshold of 
300 mL or more with any abnormal haemodynamic 
markers or blood loss of 500 mL or more improved the 
specificity to 67%. In general, prognostic performance 
improved using combinations of blood loss thresholds 
lower than 500 mL and any abnormal haemodynamic 
sign or 500 mL or more of blood loss, with sensitivities 
ranging from 87% to 88% and specificities from 67% to 
76%. 

These findings suggest that although the conventional 
postpartum haemorrhage threshold of 500 mL 
or more remains a valid marker to identify women at 
risk of severe postpartum complications, it might not 
allow for timely intervention in all women. The evidence 
supports a lower threshold of blood loss (eg, ≥300 mL), 
particularly when combined with simple haemodynamic 
indicators, to improve early diagnosis of women at risk 
of serious postpartum complications. This approach is 
especially pertinent in settings with little access to 
comprehensive postpartum haemorrhage care, where 
early recognition and response are life-saving. Although 
use of a lower blood loss threshold for postpartum 
haemorrhage intervention could reduce specificity, 
potentially leading to unnecessary treatment in some 
women, this compromise can be offset by including 
abnormal haemodynamic signs before the conventional 
postpartum haemorrhage threshold of 500 mL is 
reached. Recognising these haemodynamic changes 
consistently across all health-care levels would remain a 
central challenge in optimising postpartum haemorrhage 
diagnosis and treatment in contexts where resources are 
scarce.

This study has several important strengths. This is 
the first IPD meta-analysis to date evaluating the 
diagnostic performance of clinical markers for 
postpartum haemorrhage, drawing on the largest 
postpartum haemorrhage datasets across diverse 
populations in the context of contemporary clinical 
practice. Previous efforts to develop prognostic models 
for postpartum haemorrhage have attempted to predict 
the risk of postpartum haemorrhage, not the risk of 
adverse outcomes related to postpartum 
haemorrhage.25,26 The dataset assembled for this study 
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is the largest of its kind and accounted for 84% of 
eligible individual participant data that were identified. 
Studies included were conducted in 23 countries, 
spanning all six WHO regions and four World Bank 
income classifications, ensuring robust global 
generalisability. An important strength of this study is 
that it is restricted to studies with measured blood loss, 
minimising measurement bias from visual estimations, 
which are known to underestimate blood loss.27 The 
included studies were mostly large, rigorous, 
randomised controlled trials with good quality data and 
very few losses to follow-up. The overall low risk of bias 
across key quality assessment domains increases 
confidence in the validity and reliability of our 
prognostic accuracy estimates. Furthermore, the data 
collected covered nearly all the potential tests and 
clinical markers that are predictive of death and 
complications, strengthening the validity of our 
findings. In addition, we used a rigorous scientific 
approach to data identification, harmonisation, and 
analysis.28,29 We used a composite outcome that included 
death, severe complications, and life-saving 
interventions. This approach helps account for the 
varying availability of life-saving interventions. In 
regions where these interventions are less accessible, 
adverse outcomes might be more severe. For instance, 
in situations in which blood transfusion is not available 
when indicated, a woman could require surgical 
interventions to avoid further morbidity or death. 
Analysing these outcomes separately could introduce 
additional variability, making the results harder to 
interpret. To account for the varying prognostic 
performance of the markers assessed, we applied a 
point-based scoring system to optimise the balance 
between sensitivity and specificity, reflecting a 
pragmatic interpretation of prognostic relationships in 
clinical practice. Finally, we followed a robust 
consensus-building process to elicit the relative 
importance of prognostic accuracy measures in the 
context of postpartum haemorrhage, which is important 
for clinical interpretation and utility.

However, the study also has several limitations. First, 
not all eligible datasets were available for inclusion, the 
analysis included very few caesarean births, and some 
clinical markers were not reported in the largest studies 
included. As the blood loss patterns and baseline risks 
for caesarean births differ from those in vaginal births, 
our findings might not be generalisable to the caesarean 
population without additional validation. The scarce 
data on pulse rate, blood pressure, or shock index 
prevented robust multivariate assessments of all 
markers and reduced the overall power of analyses 
involving these markers. In addition, the relatively few 
total number of included studies restricted robust 
statistical assessment of heterogeneity and effect of 
covariates (eg, through meta-regression). Second, we 
used data collected from controlled research settings in 

which the quality of care and outcomes do not 
necessarily reflect the reality of routine care settings. 
For instance, the high proportion of uterotonic 
prophylaxis that is common in research settings might 
not be generalisable to rural or community settings, 
where this intervention is not the norm. Third, the data 
were not originally collected for the specific purpose of 
assessing the prognostic accuracy of clinical markers for 
postpartum haemorrhage-related morbidity and 
mortality. As a result, the timing of recording the clinical 
markers varied across the studies as they relate to the 
outcome and we were limited in our ability to conduct 
some key analyses of interest. For example, although 
most studies measured blood loss for up to 2 h after 
birth, they reported the final blood loss and not the 
blood loss at time of diagnosis or intervention to avert 
further blood loss. Likewise, the use of the most 
abnormal values before diagnosis of postpartum 
haemorrhage as predictors for markers measured at 
several timepoints creates potential circular reasoning, 
as the diagnosis could have been prompted by the 
abnormal marker value being evaluated as predictors. 
However, this issue is a limitation that is inherent in 
nearly all studies of early warning markers in acute 
obstetric care. Fourth, we did not have data on when 
first-response treatment was started and so we could not 
assess whether earlier intervention could have reduced 
total blood loss. Fifth, although treatment protocols 
were designed for all women diagnosed with postpartum 
haemorrhage in the included studies, variations in 
treatment regimens by women and by study could have 
influenced outcomes. The treatment paradox effect, in 
which treatment reduces both overall blood loss and the 
incidence of adverse outcomes related to postpartum 
haemorrhage, could have reduced the estimated 
predictive associations towards the null and it would 
have affected all clinical markers and decision rules. 
This treatment paradox effect implies that the prognostic 
accuracy of these markers was possibly underestimated, 
and caution is warranted in their interpretation. Despite 
these limitations, the large, diverse dataset and robust 
methodologies strengthen the validity and clinical 
relevance of our findings. 

This study highlights several important avenues for 
future research. There is a need to validate these 
findings in real-world clinical and community settings 
and to assess the effect of implementing lower 
diagnostic thresholds, such as 300 mL or more of blood 
loss in combination with signs of abnormal 
haemodynamic changes, on both individual outcomes 
and broader health system performance and 
preparedness. Considering the resources required to 
conduct a large, sufficiently powered, test-and-treat 
interventional trial to assess the efficacy of alternative 
definitions of postpartum haemorrhage for clinical care, 
indirect evidence from existing studies might suffice in 
showing the effect of new diagnostic thresholds for 
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postpartum haemorrhage. Nevertheless, implemen
tation research will be essential to understand the 
practical barriers and enablers to adopting a more 
nuanced definition of postpartum haemorrhage, 
particularly in understaffed, low-income settings where 
monitoring is often scarce. Notably, our analyses for 
caesarean section were limited by the availability of a 
single study, which precluded meta-analysis and robust 
subgroup assessment; future research should focus 
specifically on generating prognostic accuracy data for 
caesarean births to address this gap. Further research 
should also explore how clinical markers might be 
integrated with emerging technologies, such as 
wearable monitoring systems or point-of-care 
diagnostics that could signal when the criteria are met, 
to enable earlier and more accurate identification of 
women at risk of death or severe morbidity from 
postpartum haemorrhage. Importantly, such work 
would support the evolving role of precision public 
health in maternal care and would allow tailored 
definitions of postpartum haemorrhage by incorporating 
individual-level characteristics to more accurately 
determine clinically significant blood loss. 

Our findings challenge the exclusive use of the 
conventional threshold of 500 mL or more of blood loss 
for diagnosing postpartum haemorrhage and initiating 
treatment, particularly in low-resource settings, where 
delays are more likely to result in deaths. Additionally 
adopting a lower blood loss threshold in combination 
with abnormal haemodynamic signs could enable better 
preparedness, earlier recognition of women at risk of 
clinical deterioration, and potentially improve maternal 
outcomes. However, this could have substantial resource 
implications for health systems, including increased 
demands on staff training and care organisation, 
particularly in settings where routine monitoring of 
vital signs and objective blood loss measurement are 
not yet standard practice. On the contrary, as the key 
vital signs that were shown to be prognostically valuable 
(pulse, blood pressure, and shock index) are already 
core components of maternal early warning systems 
(eg, the Modified Early Obstetric Warning Score), 
integrating our findings for timelier and more effective 
management of women at risk of life-threatening 
postpartum haemorrhage is likely to be less resource-
intensive in settings where such systems are already in 
place. It is important to note that the use of these 
diagnostic criteria could lead to an increase in the 
number of postpartum haemorrhage diagnoses, 
especially in settings that are simultaneously 
introducing objective assessment of blood loss and for 
caesarean births, for which the blood loss is generally 
greater than vaginal births.15 It is essential that policy 
makers and facility leaders do not misinterpret this 
increase for a decline in the quality of maternal care. In 
fact, the opposite is likely to be true. With prompt 
application of the WHO-recommended postpartum 

haemorrhage first-response treatment bundle,27 the 
incidence of more life-threatening blood loss (eg, 
≥1000 mL) is expected to substantially decrease. 

Although increased diagnoses of postpartum 
haemorrhage could lead to a higher demand for 
commodities and supplies necessary for first-response 
treatment, in many settings, this additional cost is likely 
to be offset by a reduction in the need for more invasive, 
resource-intensive treatments for severe postpartum 
haemorrhage complications, such as blood transfusions 
and admissions to intensive care units. Ultimately, the 
implementation of a nuanced definition of postpartum 
haemorrhage is anticipated to increase early detection of 
postpartum haemorrhage, improve quality of care, and 
reduce morbidity and mortality related to postpartum 
haemorrhage globally.
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