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A cost-effectiveness analysis of early 
detection and bundled treatment of 
postpartum hemorrhage alongside the 
E-MOTIVE trial

Timely detection and treatment of postpartum hemorrhage (PPH) are 
crucial to prevent complications or death. A calibrated blood-collection 
drape can help provide objective, accurate and early diagnosis of PPH, 
and a treatment bundle can address delays or inconsistencies in the use 
of effective interventions. Here we conducted an economic evaluation 
alongside the E-MOTIVE trial, an international, parallel cluster-randomized 
trial with a baseline control phase involving 210,132 women undergoing 
vaginal delivery across 78 secondary-level hospitals in Kenya, Nigeria, 
South Africa and Tanzania. We aimed to assess the cost-effectiveness of the 
E-MOTIVE intervention, which included a calibrated blood-collection drape 
for early detection of PPH and a bundle of first-response treatments (uterine 
massage, oxytocic drugs, tranexamic acid, intravenous fluids, examination 
and escalation), compared with usual care. We used multilevel modeling to 
estimate incremental cost-effectiveness ratios from the perspective of the 
public healthcare system for outcomes of cost per severe PPH (blood loss 
≥1,000 ml) avoided and cost per disability-adjusted life-year averted. Our 
findings suggest that the use of a calibrated blood-collection drape for early 
detection of PPH and bundled first-response treatment is cost-effective and 
should be perceived by decision-makers as a worthwhile use of healthcare 
budgets. ClinicalTrials.gov identifier: NCT04341662.

Postpartum hemorrhage (PPH), defined as blood loss ≥500 ml from 
the genital tract after childbirth, is the leading cause of maternal death 
worldwide, accounting for approximately 27% of maternal deaths1,2. 
PPH is a major concern in low- and middle-income countries (LMICs), 
where PPH-associated mortality is disproportionately high3. PPH is 
associated with considerable economic burden: recent estimates from 
a study conducted in Kenya, India, Nigeria and Uganda suggest the 
costs of direct hospital care for patients with PPH can be up to 2.8 times 
higher than for a birth without PPH4. In addition, the immediate and 
long-term economic consequences of maternal mortality incurred by 
households can be substantial5–7.

The World Health Organization (WHO) has published and updated 
several evidence-informed recommendations for the prevention and 
treatment of PPH8,9. However, adherence to these recommendations 
in many low-resource settings is limited by numerous challenges. First, 
PPH is often undetected or detected late; consequently, life-saving 
treatment is not promptly initiated. The current usual practice of 
blood-loss assessment is visual estimation, which is widely recognized 
as inaccurate and typically leads to underestimation of blood loss10. An 
additional challenge is delayed or inconsistent use of effective inter-
ventions for the management of PPH. Treatments for PPH are often 
administered sequentially; healthcare providers wait to observe the 
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the cost-effectiveness of the E-MOTIVE intervention compared with 
usual care. The economic evaluation, which was carried out from a 
healthcare system perspective, was based on the outcomes of cost 
per case of severe PPH prevented (blood loss, ≥1,000 ml) and cost per 
disability-adjusted life-year (DALY) averted.

Results
A total of 104 secondary-level hospitals were assessed for eligibility for 
the E-MOTIVE trial. Fourteen were excluded due to prior implemen-
tation of an early-detection protocol or treatment bundle for PPH. 
Ninety hospitals in Kenya, Nigeria, Pakistan, South Africa and Tanzania 
entered the baseline phase. The independent data monitoring commit-
tee recommended completing the trial before randomizing hospitals 
in Pakistan, as the required sample size was achieved in the other four 
countries. Two hospitals in Kenya were excluded before randomization 
as they were unable to carry out source-data verification.

Eighty hospitals in Kenya, Nigeria, South Africa and Tanzania 
underwent randomization at a 1:1 ratio to receive the E-MOTIVE inter-
vention or continue providing usual care. Two hospitals in Tanzania, 
one in each group, did not receive the assigned intervention due to 
participation in a conflicting program. Following randomization, a 
2-month transition was implemented to allow hospitals in the E-MOTIVE 
group to adapt clinical practices for intervention delivery. Data col-
lected during this phase did not contribute to the analysis.

Data for analysis were obtained from 78 secondary-level hospi-
tals (from 14 in Kenya, 38 in Nigeria, 14 in South Africa and 12 in Tan-
zania), with a total of 210,132 patients (110,473 in the baseline phase 
and 99,659 in the implementation phase) giving birth vaginally in the 
hospitals between 2 August 2021 and 3 March 2023. Source-verified 
data regarding blood loss were available for 206,455 patients (107,733 

effects of one intervention before administering another intervention11. 
However, PPH is a time-critical condition, and such delays can result 
in loss of life. Some cost-effective interventions may not be used at all. 
Evidence from hospitals in Kenya, Nigeria, South Africa and Tanzania 
showed that tranexamic acid (TXA), a medication used to prevent 
the breakdown of blood clots, was administered late and mostly as a 
last resort for patients requiring surgery due to PPH12. Furthermore, 
despite the availability of clear recommendations regarding PPH and 
their wide dissemination, uptake at the point of care remains low13. 
An underpinning factor to some of the challenges relates to limited 
resources; therefore, it is imperative to evaluate the resource implica-
tions of new interventions for managing PPH.

To address these challenges, the cluster-randomized E-MOTIVE 
trial was designed to assess a multicomponent intervention for detec-
tion and treatment of PPH in patients having vaginal delivery. The 
E-MOTIVE intervention consisted of a calibrated blood-collection 
drape—a sterile fold-out sheet placed on the delivery bed enabling 
blood to be swept into a pouch with measurement lines indicat-
ing warning and action points—for early detection of PPH, and the 
WHO-proposed first-response bundle, which included uterine mas-
sage, oxytocic drugs, TXA, intravenous (IV) fluids and a process for 
examination and escalation (Fig. 1). The clinical effectiveness of the 
E-MOTIVE intervention has already been reported14. Evidence from 
the trial supported WHO recommendations for both routine objec-
tive measurement of postpartum blood loss for vaginal births, and 
a standardized and timely approach for managing PPH, comprising 
objective assessment of blood loss and the bundle, supported by an 
implementation strategy, for all vaginal births. In this Article, we report 
the economic evaluation conducted alongside the E-MOTIVE trial, an 
integral component of the E-MOTIVE project, which aimed to assess 
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Calibrated drape for the 
collection of blood with 
trigger lines at 300 ml 
and 500 ml for the first 
h after birth

Observations (blood 
loss, blood flow and uterine
tone) every 15 min 
documented on the 
blood-loss monitoring 
chart

Blood pressure and 
pulse monitored once in 
the first hour postpartum 
and documented on the 
blood-loss monitoring 
chart

Trigger criteria:
1) clinical judgment 
2) blood loss ≥500 ml
3) blood loss ≥300 ml 
plus one abnormal 
observation

Massage until uterus has 
contracted or for 1 min

10 IU IV oxytocin 
injection or diluted in 
200–500 ml crystalloid 
over 10 min plus a 
maintenance dose of 20 
IU IV oxytocin diluted in 
1,000 ml saline over 4 
h (with misoprostol 
800 µg if used)

1 g IV injection of 
TXA or diluted in 200 ml
crystalloid over 10-min 
period

IV fluids in addition to 
the infusion should be 
given if clinically 
indicated for 
resuscitation and will 
require a second IV 
access

Ensure bladder is empty, 
evacuate clots and check
for tears with an internal 
examination and 
placenta for 
completeness

Escalate if bleeding does 
not stop after first 
response or if clinician is 
unable to identify or 
manage cause of 
bleeding 

Implementation strategies
Audit newsletters: sharing with all sta� monthly detection and bundle use rates along with PPH, severe PPH, blood transfusion, 
laparotomy and death from PPH rates and given feedback at monthly departmental meetings 

Champions: midwife and doctor to oversee change, troubleshoot, give feedback on audit newsletters and connect with other 
champions through chats, meetings and websites for sharing knowledge and lessons learned

Trolley or carry case: restocking of  all medicines and devices used for PPH treatment after every use and completion of stocking 
checklist at the start of every shift

Training: on-site, simulation-based and peer-assisted lasting 90 min to an entire workday facilitated by provider guides,  
flipcharts and job aids displayed in labor wards

Fig. 1 | Summary of the E-MOTIVE intervention. The E-MOTIVE intervention included a calibrated blood-collection drape for early detection of PPH and a bundle of 
first-response treatments (uterine massage, oxytocic drugs, TXA, IV fluids, examination and escalation), supported by an implementation strategy.
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in the baseline phase and 98,722 in the implementation phase; 98% 
follow-up) (Fig. 2). The clinical findings of the E-MOTIVE trial have been 
published in full elsewhere14.

Severe PPH occurred in 786 of 48,678 patients (1.6%) in the 
E-MOTIVE group and in 2129 of 50,043 (4.3%) in the usual-care group 
(adjusted risk difference −2.6%, 95% confidence interval (CI) −3.1% to 
−2.1%; Table 1). In the E-MOTIVE group, the mean DALYs per patient was 
0.00767 (standard deviation (s.d.) 0.394), and in the usual-care group, 
the mean DALYs per patient was 0.01158 (s.d. 0.454). The adjusted DALY 
difference between E-MOTIVE and usual care per patient was −0.00266 
(95% CI −0.00814 to 0.00287; Table 1).

The resource utilization per group is presented in Supplementary 
Table 1. Notably, administration of oxytocin, TXA and IV fluids—three 
core elements of the MOTIVE first-response bundle—was more common 
in the E-MOTIVE group despite lower rates of PPH (8.5% compared with 
16.7% in the usual-care group). This can be explained by the improved 
detection of PPH facilitated by the use of a calibrated blood-collection 
drape and consequent triggering of the bundle. The usual-care group 
experienced higher numbers of blood transfusions, marginally longer 
hospitalization and greater need for additional treatment interven-
tions. Also, notably more severe PPH cases in the usual-care group 
necessitated additional time for physician attendance.

104 hospitals were assessed for eligibility

90 initiated the baseline phase of the trial

80 hospitals in Kenya, Nigeria, South Africa 
and Tanzania underwent randomization

14 were excluded because inclusion 
criteria were not met

10 were excluded before randomization
2 were unable to carry out source-data

verification
8 were excluded before randomization

because the required sample size had 
been achieved

40 were assigned to the intervention group
39 received assigned intervention

1 did not receive assigned intervention owing to
participation in a conflicting program

40 were assigned to the usual-care group
39 received assigned intervention

1 did not receive assigned intervention owing to
participation in a conflicting program

39 hospitals (with data for 101,104 patients) were 
included in the analysis
99,399 patients have primary-outcome data

50,721 patients in the baseline phase
48,678 patients in the implementation phase

1,705 patients have missing primary-outcome data
1,282 patients in the baseline phase

423 patients in the implementation phase

39 hospitals (with data for 109,028 patients) were 
included in the analysis
107,056 patients have primary-outcome data

57,012 patients in the baseline phase
50,044 patients in the implementation phase

1,972 patients have missing primary-outcome data
1,458 patients in the baseline phase

514 patients in the implementation phase

Fig. 2 | Randomization of hospitals in the E-MOTIVE trial. All participating 
hospitals entered a 7-month baseline period in which they provided usual 
care for patients having vaginal delivery. After the baseline phase, hospitals 
were randomly assigned in a 1:1 ratio to receive the E-MOTIVE intervention 
or to continue providing usual care. Eighty hospitals across Kenya, Nigeria, 

South Africa and Tanzania underwent randomization. Due to participating in 
a conflicting program, two hospitals in Tanzania did not receive the assigned 
intervention. Data for analysis were therefore available from 78 hospitals, with 
a total of 210,132 patients. Source-verified blood loss data for analysis were 
available for 206,455 patients.
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Disaggregated mean per-patient costs are presented in  
Supplementary Table 2. The total unadjusted mean per patient cost 
was 45.15 USD (s.d. 107.93) in the E-MOTIVE group and 43.19 USD (s.d. 
126.84) in the usual-care group (Table 1). The adjusted total cost differ-
ence was 0.30 USD (95% CI −2.31 to 2.78; Table 1). The estimated incre-
mental cost-effectiveness ratios (ICERs) (Table 1) are therefore 11.83 
USD per case of severe PPH averted and 113.91 USD per DALY averted. 
The ICER in terms of DALYs is below both the weighted gross domestic 
product (GDP)-based threshold (2,816 USD) and opportunity-cost 
based threshold (1,690 USD) (Extended Data Table 1), suggesting the 
E-MOTIVE intervention is cost-effective. Figure 3 shows the probabil-
ity of the E-MOTIVE intervention being cost-effective compared with 
usual care across a range of willingness-to-pay (WTP) thresholds per 
DALY averted. For thresholds of WTP per DALY averted greater than 
approximately 1,500 USD, there is >80% probability that the E-MOTIVE 
intervention is cost-effective (Fig. 3).

Sensitivity analyses
If the device cost of the calibrated drape is reduced to 1 USD (2023 
prices), the E-MOTIVE intervention becomes comparable in cost to 
usual care, while being more effective (Table 2). Further reductions 

in the cost of the calibrated drape could potentially result in cost  
savings. Additional sensitivity analyses to explore the impact of the 
costing assumptions and the use of multiple imputation (Supplemen-
tary Tables 3–5) made no substantial difference to the base-case results; 
the E-MOTIVE intervention remained cost-effective.

Country-level analyses
The mean per-patient total costs, DALYs and ICERs from the 
country-level analyses are presented in Extended Data Table 2. These 
were estimated using fully pooled, one-country costing models. 
Briefly, the E-MOTIVE intervention was judged to be cost-effective 
for each participating country when the ICERs were compared 
against both country-specific GDP-based WTP thresholds and 
opportunity-cost-based WTP thresholds (Extended Data Table 1). In 
South Africa, where the cost of calibrated drapes was lower relative 
to other resources, the E-MOTIVE intervention was estimated to be 
less expensive than usual care and, therefore, the dominant interven-
tion based on the point estimates. Accordingly, exploratory analyses 
(see Supplementary Information, p. 7–11) suggest the budget impact 
of delivering the E-MOTIVE intervention in these countries would  
be insubstantial.

Table 1 | Mean per-patient total costs and DALYs, risk of severe PPH and ICERs

E-MOTIVE  
(N = 48,678)

Usual care  
(N = 50,044)

Adjusted differenceb 
(95% CIsc)

ICER  
(2022 USD)

Mean per-patient total cost (2022 USD) 45.14 (107.93) 43.19 (126.84) 0.30 (−2.31 to 2.78)

Mean per-patient DALYs 0.00767 (0.394) 0.01158 (0.454) −0.00266 (−0.00814 to 0.00287) 113.91

Severe PPHa 786 (1.6) 2,129 (4.3) −2.6 (−3.1 to −2.1) 11.83

Values are mean (s.d.) or number (percentage). aAdjusted difference between severe PPH risks is presented in percentage points, and differences between mean values are presented in the 
unit of the values. bAdjusted for number of vaginal births per hospital, time period, country, the proportion of patients with a clinical primary-outcome event at each hospital and the quality 
of oxytocin at each hospital during the baseline phase and for clustering using random cluster and cluster-by-period effects. Baseline data before implementation of the intervention (107,733 
patients in 78 clusters) for the intervention and usual-care groups are as follows: for mean total cost (USD), 45.43 (134.05) in the E-MOTIVE group and 42.05 (145.37) in the usual-care group; 
for mean DALYs, 0.01037 (0.427) in the E-MOTIVE group and 0.01314 (0.490) in the usual-care group; for severe PPH, 1,920/50,720 (3.8) in the E-MOTIVE group and 2,535/57,010 (4.4) in the 
usual-care group. cFor total costs and DALYs CIs were constructed using nonparametric permutation tests, by finding the upper and lower boundaries of the intervention effect that would lead 
to a two-sided P value less than the 5% level (1,000 replications).
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a DALY averted. The dashed lines show the expected WTP for a DALY averted, as estimated from WHO recommendations (green) and Woods and colleagues (blue).
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Discussion
This study assessed the cost-effectiveness of early detection of PPH 
using a calibrated drape and treatment using the WHO first-response 
treatment bundle, which included uterine massage, oxytocic drugs, 
TXA, IV fluids and a process for examination and escalation, compared 
with usual care. The findings suggest that early detection of PPH using 
a calibrated blood-loss collection drape and treatment with the WHO 
first-response bundle is cost-effective compared with usual care. Our 
sensitivity analysis suggested that for WTP values above 1,500 USD per 
DALY averted there is more than an 80% probability of the E-MOTIVE 
intervention being cost-effective. Furthermore, deterministic sensitiv-
ity analyses showed that potential reductions in the cost of the cali-
brated blood-collection drape could lead to cost savings, substantially 
improving the affordability of the E-MOTIVE intervention.

Although a formal quantification of resource use relating to the 
implementation strategies used to support the E-MOTIVE intervention 
was not conducted as part of the trial, emerging data suggest the cost 
of implementation can be effectively absorbed into the existing health-
care system. The post-trial implementation pivot in the four countries 
indicates that implementing E-MOTIVE does not necessitate additional 
staffing, and on-site training can be conducted with negligible cost 
implications. Furthermore, costs related to PPH trolleys or carry cases 
are minimal and nonrecurrent, while the utilization of audit and feed-
back solutions and champions does not require additional resources 
(E-MOTIVE implementation pivot team, personal communication).

The study benefited from a large sample size recruited from 78 
hospitals across four countries, broad inclusion criteria to capture all 
patients with vaginal births in the trial hospitals, and a wide range of 
primary data. However, the study is not without limitations. Although 
the analysis considered a range of costs for calibrated blood-collection 
drapes to account for potential price variations due to increased pro-
duction, the cost-effectiveness implications of emerging sustain-
able and climate-friendly alternative devices could not feasibly be 
assessed15. Also, owing to the pragmatic design of the trial, extensive 
bottom-up costing of all resource items was not conducted. This natu-
rally increases the uncertainty around the unit cost estimates used in 
the analysis. However, when feasible, cost estimates were obtained 
from established sources and other secondary sources based on 
bottom-up costing. Some assumptions were required to estimate 
country-specific unit costs when these were not available. All assump-
tions were agreed upon before any analysis was undertaken, and sen-
sitivity analyses exploring their importance found that they did not 
substantially impact the cost-effectiveness results.

Furthermore, PPH and associated maternal mortality can involve 
considerable economic costs to patients, their families and wider 

society5–7. Owing to the pragmatic design of the trial, these costs were 
not captured. Given that there were fewer cases of severe PPH and less 
severe PPH in the E-MOTIVE group, and maternal deaths from bleeding, 
though rare, were in the same direction, it is likely that an analysis from 
the societal perspective—which considers medical and nonmedical 
costs not directly linked to the intervention—would produce even more 
favorable cost-effectiveness estimates for the E-MOTIVE intervention.

In addition, this analysis was conducted alongside a large interna-
tional, cluster-randomized trial with a baseline control phase that presents 
complexities with respect to data analysis; for example, randomization 
took place at the cluster level, but outcomes were measured at the level of 
the individual. This was addressed using methods to account for the hier-
archical nature of the data, and the analysis was adjusted for imbalances in 
outcomes during the baseline phase across trial groups. In addition, due 
to the substantial loss of power that would be experienced by analyzing 
countries in isolation, country-specific cost-effectiveness analyses were 
not conducted. However, we assessed cost-effectiveness from the perspec-
tive of each participating country based on whole trial data. To this end, we 
conducted fully pooled, one-country costing cost-utility analyses (CUAs) 
in which clinical data from all participating countries were pooled, and 
country-specific unit costs and life-expectancy data were applied to all 
patients in the trial. Although not fully country specific, we believe these 
estimates provide useful indicative information on cost-effectiveness for 
decision-makers given the widespread occurrence of visual blood loss 
estimation, and delayed and inconsistent use of effective PPH interven-
tions, such as TXA, across countries. However, these estimates should be 
interpreted with caution.

Finally, this analysis does not quantify the potential health equity 
impacts associated with delivering the E-MOTIVE intervention—infor-
mation likely to be important to decision-makers. The methods of 
conventional cost-effectiveness analysis (CEA) focus on efficiency, that 
is, maximizing population health gain from available resources, rather 
than reducing health inequities. Although frameworks to robustly 
incorporate equity concerns into CEA are emerging, the substantial 
data requirements to conduct such an analysis were not feasible for 
the present analysis.

In summary, our findings suggest that early detection of PPH and 
bundled treatment for PPH is cost-effective. Therefore, provision of 
calibrated blood-collection drapes and use of bundled first-response 
treatment can be considered a worthwhile use of constrained health-
care budgets, and every effort should be made to adhere to the WHO 
recommendations.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of data and code avail-
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Methods
Study design
The E-MOTIVE trial was an international, parallel cluster-randomized 
trial that included a baseline control phase14. A cluster design was 
required as the E-MOTIVE intervention was delivered at the hospital 
level, targeting health care providers. Between August and October 
2021, all participating hospitals entered a 7-month baseline period 
during which they provided usual care for PPH in patients having vagi-
nal delivery. Following this 7-month baseline period, hospitals were 
randomly assigned, in a 1:1 ratio, to continue providing usual care or 
to receive the E-MOTIVE intervention for 7 months, with a 2-month 
‘transition phase’ to allow hospitals to adapt clinical practices for 
intervention delivery.

A minimization algorithm generated by an independent statisti-
cian was used to ensure balance between the intervention hospitals and 
usual-care hospitals within each country for key prognostic variables, 
including the number of vaginal births per hospital, the prevalence of 
primary-outcome events (for the clinical analysis) during the baseline, 
the quality of oxytocin and the number of hospitals per country.

Participants
We included secondary-level hospitals in Kenya, Nigeria, South Africa 
and Tanzania. Hospitals in Pakistan were initially included in the base-
line phase but could not be included in the randomization process 
(Fig. 2). Hospitals were eligible for inclusion if they were geographically 
and administratively distinct from each other, had between 1,000 and 
5,000 vaginal births per year, and were able to provide comprehensive 
obstetrical care with the ability to perform surgery for PPH. Hospitals 
were excluded if they had already implemented a treatment bundle for 
PPH. Written permission was granted by each participating hospital 
for clinical staff to extract anonymized clinical-outcome data for each 
vaginal birth.

Intervention
The E-MOTIVE intervention consisted of a blood-collection drape, with 
calibrated lines to measure blood-loss volume, for early detection of 
PPH and the WHO-proposed first-response treatment bundle, which 
included uterine massage, oxytocic drugs, TXA, IV fluids and a process 
for examination and escalation (Fig. 1). Detailed information on the 
E-MOTIVE intervention is published elsewhere14.

In usual care, blood loss was estimated visually, with healthcare 
providers relying on their perceptions to subjectively assess the volume 
of blood lost. First-response treatment for PPH typically consisted of 
some or all of the components of the WHO-proposed first-response 
bundle. These were typically administered sequentially, with oxytocic 
drugs given as first-line treatment and TXA reserved for refractory 
bleeding. Established dosage regimens for usual care were applied, 
consistent with the E-MOTIVE group (Fig. 1).

Noncalibrated drapes, without warning or action lines, were used 
in the usual-care group hospitals to quantify blood loss for the purpose 
of the trial.

Effectiveness outcomes
We estimated cost-effectiveness based on outcomes of severe PPH 
prevented and DALYs averted.

Severe PPH prevented. Severe PPH, defined as blood loss of at least 
1,000 ml, was measured at 1 h and, if there was continued bleeding, for 
up to 2 h postpartum. Blood loss was objectively measured with the use 
of a blood-collection drape. Calibrated drapes were used in the hospi-
tals in the E-MOTIVE group to enable early and accurate diagnosis of 
PPH and to obtain data on blood loss. Noncalibrated drapes were used 
in the hospitals in the usual-care group to obtain data on blood loss. 
Data on blood loss were source-verified by capturing a photograph of 
the drape with collected blood inside it, on a digital weighing scale, 

with the weight visible in the photograph. Only data that had been 
source-verified were used in the analysis.

This outcome differs from the primary outcome in the E-MOTIVE 
clinical analysis, which was a composite of severe PPH, laparotomy 
for bleeding or maternal death from bleeding. Given that composite 
outcomes are generally inadequate for economic evaluation due to 
varying component importance, disaggregation is recommended16. 
However, the infrequency of laparotomies and maternal deaths from 
bleeding in the trial limited a meaningful cost-effectiveness assessment 
based on these outcomes.

DALYs averted. The DALY is a composite summary measure of disease 
burden that accounts for both mortality and nonfatal health conse-
quences and is the preferred metric for economic evaluations to sup-
port resource allocation decisions in LMICs17. DALYs were estimated 
on the basis of nonfatal PPH events and maternal death from bleeding 
for both arms of the trial.

For nonfatal PPH events, years lived with disability were estimated 
on the basis of the magnitude of the disability and its duration. Dis-
ability weights for severe PPH (0.324 (≥1,000 ml blood lost)) and less 
severe PPH (0.114 (<1,000 ml blood lost)) were drawn from the Global 
Burden of Disease study18. The duration of disability due to PPH (both 
severe and less severe) was considered to last for a postpartum period 
of 6 weeks. Given that the trigger criterion of the E-MOTIVE interven-
tion imposes a benefit on less-severe PPH, it was imperative to include 
disability for less-severe PPH to ensure relevant effects were captured.

Years of life lost for premature death due to bleeding were cal-
culated using life expectancy of country-specific female populations 
drawn from Global Burden of Disease abridged life tables19. Years of life 
lost were calculated using a discount rate of 3%, as recommended for 
economic evaluations in global health17.

Resource use and costs
Resource use information was collected prospectively via electronic 
case report forms and recorded in REDCap (version 10.9.0–13.3.2). 
Information was collected from the perspective of the healthcare 
system for calibrated drapes, uterotonic drugs, TXA, IV fluids, dura-
tion of hospitalization, intensive care unit (ICU) admission, transfer 
to a higher-level facility, blood transfusions, postpartum laparotomy, 
hysterectomy, nonpneumatic anti-shock garments, uterine balloon 
tamponades and bimanual compression. When necessary, data from 
an observational study conducted alongside the E-MOTIVE trial and 
expert clinical opinion from within the research study team supple-
mented case report form information.

Extended Data Table 3 presents the unit costs used in the analysis. 
Calibrated blood-collection drape costs were obtained from Excellent 
Fixable Drapes in India, the manufacturer and supplier of the drapes 
used in the E-MOTIVE trial. We considered the price at which the drapes 
are currently being procured, 1.25 USD, in our base-case analysis. Costs 
of oxytocic drugs and TXA were obtained from a recent publication 
by the United States Agency for International Development Global 
Health Supply Chain Program20. Uterotonic drug costs were sourced 
from the United Nations Populations Fund Product Catalogue, while 
the TXA costs reported were the United States Agency for International 
Development wholesale prices. We obtained costs of IV fluids from the 
International Medical Product Price Guide, a recommended source of 
medication costs in LMIC settings21. An adjustment of 25% was used to 
account for shipping and handling charges, as well as internal distribu-
tion of traded goods22.

Country-specific unit cost estimates for non-ICU hospitalization in 
secondary-level hospitals were obtained from the WHO-CHOICE initia-
tive23,24. Country-specific personnel costs were obtained from publicly 
available records regarding health sector pay, and personal commu-
nication with E-MOTIVE country trial management groups25; costs 
from the latter were based on local government salaries. Conservative 
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estimates of the lowest-grade doctor who could attend a case of severe 
PPH were used. We used other secondary sources to estimate the cost 
of blood transfusions, additional treatment interventions, transfer to 
a higher-level facility and ICU admission4,26–30.

Due to a lack of cost data for postpartum laparotomy, we assumed 
a unit cost equivalent to 80% of a hysterectomy, based on expert clini-
cal opinion from within the E-MOTIVE study team. Furthermore, we 
estimated unit costs for bimanual compression based on personnel 
requirements and procedure duration, and for uterine balloon tampon-
ades in Kenya, Nigeria and Tanzania, we estimated costs considering 
materials and labor required for an improvised device. For the base 
case, we did not apply unit costs to activities perceived as a reprioritiza-
tion of existing staff time, that is, uterine massage and examination, as 
we assumed no additional resource was required. Additional details on 
costing assumptions are provided in Extended Data Fig. 1.

To standardize unit costs across countries where data were una-
vailable, a market basket approach was used, wherein an index table 
based on WHO-CHOICE estimates (Extended Data Table 4) was used 
to indicate the relative mean cost of estimates for inpatient and out-
patient health service delivery for each country pair in the study22–24. 
The market basket approach is an established costing method for the 
development of a complete set of country-specific unit cost data in 
the economic evaluation of multinational trials22. All unit costs were 
adjusted to 2022 USD using average exchange rates and the average 
US inflation rate between the price base year used in individual studies 
and 2022, as recommended when there is a relatively high proportion 
of imported commodities in economic analyses31. Given the short 
follow-up period of the trial, costs were not discounted.

Statistical analysis
Main analysis. The economic evaluation comprised two main analyses: 
a CEA based on the outcome of cost per case of severe PPH prevented 
and a CUA based on the outcome of cost per DALY averted. Both were 
carried out on an intention-to-treat basis and relied on complete case 
analysis wherein cases without source-verified blood loss data were 
excluded.

Following recommendations for the economic evaluation of 
cluster and multinational trials32,33, we used multilevel modeling to 
estimate the difference in mean costs and outcomes between the 
E-MOTIVE and usual-care groups. Multilevel modeling accounts for 
unobserved cluster-specific effects on costs and outcomes and facili-
tates the estimation of cost-effectiveness across the whole sample34. 
Consistent with the clinical analysis, we fit generalized linear mixed 
models incorporating a constrained baseline analysis14. For severe 
PPH, we used the binomial family and logit link, in addition to robust 
standard errors, followed by marginal standardization to estimate risk 
difference. Differences in mean costs and DALYs were estimated using 
the Gaussian family and identity link, in combination with nonparamet-
ric permutation tests given the inherent skewness of such data35. We 
included fixed effects for allocated exposure to E-MOTIVE, time period, 
country and covariates used in the randomization method (number of 
vaginal births per hospital, the proportion of patients with a clinical 
primary-outcome event at each hospital, and the quality of oxytocin 
at each hospital during the baseline phase). We adjusted for clustering 
using random cluster and cluster-by-period effects.

Model estimates of the difference in costs and outcomes were 
used to derive an incremental cost per case of severe PPH prevented 
and an incremental cost per DALY averted. For the CUA, we used two 
thresholds to judge the cost-effectiveness of the E-MOTIVE interven-
tion (Extended Data Table 1): a weighted threshold based on the WHO 
recommended threshold for a ‘highly cost-effective’ intervention of the 
countries’ per capita GDP and a weighted threshold based on recently 
advocated opportunity-cost based thresholds put forward by Woods 
and colleagues36–38, equivalent to 51% GDP per capita for Kenya, Nigeria 
and Tanzania, and 71% GDP per capita for South Africa.

Sensitivity analysis. We conducted sensitivity analyses to quantify 
the uncertainty relating to key assumptions and sampling varia-
tions. To characterize the inherent uncertainty around incremental 
cost-effectiveness estimates, we used nonparametric clustered boot-
strapping with multilevel models to generate 1,000 paired estimates 
of incremental mean total costs and DALYs. These estimates were used 
to construct a cost-effectiveness acceptability curve that shows the 
probability that the E-MOTIVE intervention is cost-effective across a 
range of WTP threshold values per additional DALY averted39. We also 
conducted deterministic sensitivity analyses on input parameters for 
the base-case analysis (Supplementary Information, p. 3). This included 
varying the device cost of the calibrated drapes to 1 USD, 0.75 USD and 
0.50 per unit (2023 prices) respectively, considering potential price 
decreases with expanded production.

Given that only source-verified blood-loss data were used in the 
main analysis, we conducted a sensitivity analysis using multiple impu-
tation to assess the effect of missing data. Missing data were imputed 
under the assumption that data were missing at random, with an allow-
ance for clustering. The multiple imputation was performed using 
chained equations. Differences between the E-MOTIVE and usual-care 
groups in terms of risk of severe PPH, means costs and mean DALYs 
from the seven multiply imputed datasets were obtained using mul-
tilevel models in the same manner as the main analysis and pooled 
using Rubin’s rules.

Country-level analysis. To provide indicative context for local 
decision-makers, we estimated the cost-effectiveness of the E-MOTIVE 
intervention from the perspective of each participating country 
using four fully pooled, one-country costing CUAs. Clinical outcome 
and utilization data from all participating countries were pooled, and 
country-specific unit costs and life-expectancy data were applied to all 
patients in the trial. The country-level analyses were adjusted analogously 
to the main analyses. Model estimates of differences in cost and DALYs 
were used to derive ICERs, which were judged against the country-specific 
thresholds reported in Extended Data Table 4. We extended these esti-
mates to explore the potential budget impact of implementing the 
E-MOTIVE intervention (Supplementary Information, p. 7–11).

All analyses were carried out using Stata, version 17.1 (StataCorp).

Ethical approval
Ethical approval was granted by the University of Birmingham Science, 
Technology, Engineering and Mathematics (STEM) ethics commit-
tee in the UK (ERN_19-1557); the World Health Organization – Human 
Reproduction Programme (WHO-HRP) (approval for formative phase) 
in Switzerland; the Kenyatta National Hospital (KNH) – University 
of Nairobi (UoN) Ethics and Research Committee (KNH-ERC/A/197), 
the National Commission for Science, Technology and Innovation 
(NACOSTI) (NACOSTI/P/21/8330), and the Pharmacy and Poisons Board 
(PPB) in Kenya (PPB/ECCT/20/06/08/2020(122)); the National Health 
Research Ethics Committee of Nigeria (NHREC) (NHREC/01/01/2007) 
and National Agency for Food and Drug Administration and Control 
(NAFDAC) in Nigeria (NAFDAC/DER/VCTD/E-MOTIVE/2022); the 
University of the Witwatersrand Human Research Ethics Commit-
tee (Medical) (M200241), the Eastern Cape Department of Health 
– Eastern Cape Health Research Committee (EC_202007_014), the 
KwaZulu-Natal Department of Health – KZN Health Research Com-
mittee (KZ_202008_036) and the University of Cape Town – Human 
Research Ethics Committee in South Africa (091/2020); the Muhimbili 
University of Health and Allied Sciences (MUHAS) – Senate Research 
and Publications Committee (DA.282/298/01.C/) and the National Insti-
tute for Medical Research in Tanzania (NIMR/HQ/R.8a/Vol. IX/3510). 
The trial was registered on ClinicalTrials.gov (NCT04341662) and the 
Pan African Clinical Trials Registry (PACTR202002791391791). All 
participants provided written informed consent before participation 
in intervention training.
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Inclusion and ethics statement
Local researchers, including national principal investigators from 
each participating country, contributed to the E-MOTIVE study 
design. National principal investigators also led the implementation 
of the study in their respective countries, supported by a national 
team of local study coordinators and data managers. Additionally, 
local research midwives/nurses were also employed at each hospital 
to facilitate data collection and adherence to study protocols. Moreo-
ver, both national principal investigators and local study coordina-
tors are acknowledged as authors of publications arising from the 
E-MOTIVE study.

This research is locally relevant to each of the participating coun-
tries as maternal mortality rates due to PPH are highest in sub-Saharan 
Africa. Co-design workshops were conducted in each country before 
implementing the E-MOTIVE intervention, which enabled key local 
stakeholders to contribute to discussions on adapting implementation 
strategies to local contexts.

Roles and responsibilities were agreed upon among collaborators 
ahead of the research. Capacity-building plans for local researchers 
focused on training research hub staff to conduct a large international, 
cluster-randomized trial, and on training local research midwives/
nurses to facilitate implementation of the E-MOTIVE intervention 
during client care.

This research would not have been severely restricted or pro-
hibited in the setting of the researchers and does not result in stig-
matization, incrimination or discrimination to participants. There 
is a risk to participants (healthcare providers) if their personal data 
are not adequately protected. However, the study strictly adhered 
to applicable data protection regulations in each country, includ-
ing de-identifying data collected from interviews and surveys before 
review and conducting on-site monitoring visits to ensure secure 
storage of participant data.

A central sponsor (University of Birmingham) level risk assessment 
was put in place during the setup phase of the study. Subsequently, 
within each country, a separate risk assessment was developed in col-
laboration with the national coordinating team and finalized before 
data collection commenced. A central and country-specific monitoring 
plan and data management plan were also put in place.

Lastly, local and regional research relevant to our study was  
taken into account in the write-up of this manuscript and the wider 
E-MOTIVE project.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Patient data cannot be made publicly available due to privacy con-
cerns. The complete de-identified patient data that support the find-
ings of this study can be obtained from the Chief Investigator of the 
E-MOTIVE trial, on approval from the E-MOTIVE Trial Data Analysis 
Sub-Committee. Approval from this committee can be requested 
by directly contacting the Chief Investigator (a.coomarasamy@
bham.ac.uk), with an expected review period of approximately 
2–3 months. After approval, researchers will be granted access to 
perform analyses, ensuring data security and confidentiality, with 
measures in place to prevent any breach of personal information. 
Additional data used for the analysis are publicly available and refer-
enced in Methods and Supplementary Information. The parameter 
values and their sources are reported in Extended Data Table 3 and  
Supplementary Tables 6–9.

Code availability
Stata codes are available via GitHub at https://github.com/
ewbham/E-MOTIVE.
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Extended Data Fig. 1 | Costing assumptions. Costing assumptions used for economic evaluation.
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Extended Data Table 1 | Willingness-to-pay (USD) estimates for a disability-adjusted life-year averted in the participating 
countries
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Extended Data Table 2 | Country-level estimates of mean per-patient total costs (2022 USD), DALYs, and ICERs
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Extended Data Table 3 | Unit Costs (2022 USD)
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Extended Data Table 4 | Relative cost indices of participating countries
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