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Abstract
Background Obstetric haemorrhage is the leading cause of maternal death worldwide, 99% of which occur in low and middle income countries. The majority
of deaths and adverse events are associated with delays in identifying compromise and escalating care. Management of severely compromised pregnant
women may require transfer to tertiary centres for specialised treatment, therefore early recognition is vital for e�cient management. The CRADLE vital signs
alert device accurately measures blood pressure and heart rate, calculates the shock index (heart rate divided by systolic blood pressure) and alerts the user to
compromise through a tra�c light system re�ecting previously validated shock index thresholds.

Methods This is a planned secondary analysis of data from the CRADLE-3 trial from ten clusters across Africa, India and Haiti where the device and training
package were randomly introduced. Referral data were prospectively collected for a 4-week period before, and a 4-week period 3 months after implementation.
Referrals from primary or secondary care facilities to higher level care for any cause were recorded. The denominator was the number of women seen for
maternity care in these facilities.

Results Between April 1 2016 and Nov 30th, 2017 536 223 women attended maternity care facilities. We reviewed a total of 144 cases that were referred, 119
cases 3.84% pre-implementation and 4.48% post-implementation were referred to higher-level facilities. Overall referrals did not signi�cantly reduce (OR 0.89
(0.39- 2.05)) but there was a signi�cant reduction in referrals for bleeding (OR 0.5 (0.39-0.65) following introduction of the device, with homogeneity (I-squared
10.4) between sites. There was no increase in any bleeding-related morbidity.

Conclusions Referrals for obstetric haemorrhage reduced following implementation of the CRADLE Vital Signs Alert Device, occurring without an increase in
maternal death or emergency hysterectomy. This demonstrates the potential bene�t of Shock Index in management pathways for obstetric haemorrhage and
targeting limited resources in low- middle- income settings.

Trial Registration This study is registered with the ISRCTN registry, number ISRCTN41244132 (02/02/2016) 

Background
The Background section should explain the background to the study, its aims, a summary of the existing literature and why this study was necessary or its
contribution to the �eld.

We have recently demonstrated obstetric haemorrhage to be the cause of 36% of maternal death in urban areas of low-middle income countries.[1]
Haemorrhage is also a signi�cant contributor to long-term disability, prolonged recovery and organ dysfunction associated with shock and remains a major
challenge to health systems worldwide.[2] A woman dies due to postpartum haemorrhage (PPH) approximately every four minutes.[3] The majority of
maternal deaths from bleeding are preventable through early recognition of deterioration, allowing prompt management or referral for specialist care. Effective
triage means that scarce resources can be targeted to those at greatest risk of death and other complications.[4] There is substantial intercountry variation in
incidence of severe postpartum haemorrhage and this may result from differing health care systems and referral pathways.

It has been suggested that an e�cient strategy for low-resource countries to reduce maternal and neonatal complications is placing skilled birth attendants at
health centres with referral capacity, and therefore institutional delivery at community (primary care) and district health centres (secondary care) is promoted.
[5] The framework of the three delays conceptualises that maternal outcome is most adversely affected by factors that delay decisions to seeking care, arrival
at the health facility or provision of adequate care. [6, 7] Referral and patient transfer introduce potential delay to necessary care. E�cient decision making
within the referral process could limit delays to accessing care and ensure the correct patients are referred promptly.

Vital signs are used to assess haemodynamic state and detect deterioration in hypovolemic shock. The CRADLE (Community blood pressure monitoring in
Rural Africa & Asia: Detection of underLying pre-Eclampsia and shock) Vital Signs Alert device (CRADLE VSA) is a semi-automated vital signs measurement
device developed speci�cally for use in low-resource settings. Unlike most other commercially available devices, it is low cost, accurate and has been
speci�cally validated for use in pregnancy, pre-eclampsia and shock [8–13]. It measures a patient’s blood pressure and heart rate, calculating the shock index
(heart rate divided by systolic blood pressure) and displays a tra�c light early warning system based on shock index thresholds. We have validated these
thresholds (red (1.7) and amber (0.9)) in low- and middle- income countries in women with postpartum haemorrhage and have demonstrated predictive value
with adverse outcomes (admission to high dependency units, blood transfusion over 4 units and maternal death) [11–15]. Shock index compares favourably
to conventional vital signs in consistently predicting risk of adverse clinical outcomes in women with post-partum haemorrhage.[16]

Integrated into the CRADLE VSA device, Shock Index could be a valuable tool for risk stratifying patients. Its simplicity is important where routine clinical tasks
are undertaken by health care workers, students, or volunteers, and where community health workers are the vital link to emergency services for unwell
patients.[5, 17] We anticipate that the CRADLE VSA device identi�es patients requiring referral for haemorrhagic shock and that this will be of bene�t in low-
income countries where decisions frequently fall to untrained health workers. [9, 18–20] However, improved identi�cation of at-risk women must be balanced
against overall referral rates and clinical outcomes given the limited resources available.

The CRADLE-3 trial was a pragmatic, stepped-wedge, cluster-randomised controlled trial to evaluate the effect of the CRADLE VSA device on maternal
mortality and morbidity in low-resource settings. The results demonstrated that there was a reduction in emergency hysterectomy, a pre-de�ned secondary
outcome, as might be anticipated with earlier recognition of haemorrhagic shock. However, after adjustment for between-centre variability, which was greater
than anticipated, there was insigni�cant evidence to demonstrate the e�cacy of the intervention on the primary composite outcome (at least one of
eclampsia, hysterectomy and maternal death). This secondary analysis of our recent CRADLE-3 trial evaluates the impact of using the CRADLE VSA in
management of referrals for bleeding women in multiple low-resource settings.
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Method
This is a planned secondary analysis of the CRADLE 3 trial; a pragmatic, step-wedge, cluster- randomised control trial that evaluated the CRADLE VSA
intervention (CVSA device and training package) in low resource settings.[1]

Study Design:

The CRADLE 3 intervention consisted of implementing the CRADLE VSA device and associated training package in routine community and hospital maternity
care in low-resource settings. Prior to implementation of the intervention package, management was based on local guidelines and assessment of patients
used varying medical devices, and this was used as a control. The trial was carried out across ten clusters, over eight countries, including Addis Ababa
(Ethiopia), Cap Haitien (Haiti), Freetown (Sierra Leone), Harare (Zimbabwe), Gokak (India), Kampala and Mbale (Uganda), Lusaka and Ndola (Zambia), and
Zomba and the Southern Region (Malawi). Each cluster included at least one urban or peri-urban secondary or tertiary facility and multiple peripheral hospitals
that referred to the region’s central hospital. In total 286 facilities and 536,223 deliveries were included in the CRADLE intervention between April 1 2016 and
November 30 2017.

Clusters crossed over from the control to the cradle intervention at a randomly allocated timepoint, at 2 monthly intervals. At this randomly selected timepoint,
all existing devices were replaced with the CRADLE VSA and health care providers at the facility were provided with access to the device and training package.
Prior to intervention, management was based on local guidelines and assessment of patients used varying medical devices, and this was used as a control.
Ethics approval was granted by the King's College London (UK) Research Ethics Subcommittee (LRS-14/15-1484) and in all countries before the start of the
trial. Institutional-level consent on behalf of the cluster was obtained. In total 3868 devices were delivered to 286 facilities.

Participants:

All women identi�ed as pregnant or up to 42 days postnatal presenting to the facility were eligible to be exposed to the intervention. There were no exclusion
criteria.

Randomisation: The randomisation was the cluster. A computer-generated randomly allocated sequence run by the CRADLE statistician determined the order
in which the clusters received the intervention. All clusters were masked to the order of implementation until 2 months before the intervention. Because of the
nature of the intervention the trial was not masked.

Procedures:

At each randomly allocated date, the training package was delivered to health workers in each facility by interactive group sessions. Existing equipment for
vital signs observations was replaced with the CRADLE device unless speci�c function were required (e.g. cyclical BP monitoring in HDU).

The proportion of women referred from periphery facilities to higher-level care was collected from a 4-week period before and another 4-week period repeated 3
months post-implementation. Referrals were either counted from referral registers and compared to number of patients seen in antenatal clinic or admitted to
ward, or data was documented prospectively as patients were referred. It was not possible to collect accurate denominator referral data in one large site with
multiple referral areas (Kampala) therefore this area was not included.

Maternity sta�ng levels and access to essential treatment (intensive care beds, capacity for blood transfusion) were also assessed at each facility and
recorded throughout the trial period. Major changes to infrastructure, patient payment requirements, or environmental conditions were systematically
evaluated each month in each site. The trial ended after 20 months as planned. Reason for referral was documented as infection, bleeding, high blood
pressure, labour or other (which included anaemia, malaria, early pregnancy complications).

Outcomes:

The primary outcome of the CRADLE-3 trial was a composite of at least one of eclampsia, hysterectomy or maternal death. In this analysis we reviewed the
number of patients referred from primary to secondary or tertiary higher-level care for bleeding pre- and post- intervention. We report outcomes from the
CRADLE-3 trial related to haemorrhage i.e. death from obstetric haemorrhage or emergency hysterectomy due to obstetric haemorrhage.

Statistical Analysis:

We evaluated the effect of implementation on referrals for bleeding through a planned secondary analysis of the CRADLE-3 data. Odds ratios were calculated
for each centre, comparing event rates pre- and post- CRADLE intervention. As there was considerable heterogeneity, random effects meta-analysis was used
throughout.[21]

For evaluation of outcome the CRADLE-3 trial reports the bent stick analysis. This achieves great stability to the trend-and-step pattern originally proposed in
the CRADLE 3 trial, because it allows for separate linear trends in each cluster before and after intervention.

Statistical analyses used Stata, version 14.2 (by PTS). This study is registered with the ISRCTN registry, number ISRCTN41244132.

Results
In our previous paper, we reported that 2784 (3.7%) of 74,828 women seen in peripheral maternity facilities were referred in the pre-intervention period
compared with 3212 (4.4%) of 73,371 women in the intervention period (adjusted OR 0.89, 95% CI 0.39–2.05; data from the Mulago (Kampala) cluster were
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excluded because the site was unable to collect the denominator).[1] (Note that once allowed for grouping the effects have been reversed from a rise in
referrals to an odds ratio < 1. This can be likened to the Simpson-Yule paradox phenomenon in statistics, in which a trend disappears or reverses when groups
are combined and may relate to the use of random-effects meta-analysis. This result regardless is insigni�cant and should not be over-interpreted.)

By disaggregating these data by indication for referral, we have shown that referrals for haemorrhage signi�cantly reduced from 212 women (0.29%) to 120
women (0.16%) (OR 0.56 95% CI 0.42–0.74 p = 0.212) following intervention as shown in Fig. 1. This was not associated with any signi�cant change in death
from haemorrhage, as shown in our previous trial report,[1] using either the trend and step comparison (adjusted OR 0·86; 95% CI 0·56–1·33) or bent stick
comparison (adjusted OR 0.56; 95% CI 0.29-1.0), and with no change in emergency hysterectomy for postpartum haemorrhage (trend and step comparison:
adjusted OR 1.23; 95% CI 0·72–2·10; bent stick comparison: adjusted OR 0.45 95% CI 0.11–1.09). There was no change in the proportion of deaths from all
causes that occurred in the community compared to in health care facilities.

Discussion
These �ndings indicate the CRADLE VSA training package is a safe intervention that can reduce strain on tertiary services. We can speculate that the
documented bene�t of shock index in diagnosing haemorrhagic shock may have improved prompt management thus reducing rates of massive haemorrhage
requiring referral. Shock index bases risk assessment of the patient on haemodynamic observations as opposed to visual estimation of loss or late signs such
as collapse. The CRADLE VSA and training package highlighted evidence-based treatment protocols guided by shock-index thresholds, which may have
improved management and mitigated patient compromise. This analysis supports existing evidence that the CRADLE VSA intervention improves capacity to
make clinical decisions, escalate care and make appropriate referrals.[22]

A problem encountered in low-resource settings is referral of the moribund patient, and therefore recognition around when to treat versus when to refer is
essential. CRADLE-3 data demonstrates that proportion of deaths in each level of care remained similar pre- and post- intervention. This supports the �ndings
that referrals were sensible, and patients were not simply referred later after attempts to treat locally.

Prede�ned blood loss thresholds are di�cult to measure accurately, especially when patient transfer in involved, and do not accurately represent severity of
outcome. Shock index can be used to identify the early stages of haemodynamic compromise and trigger intervention in those that need it. Conversely its use
can avoid unnecessary intervention in patients that cope well with blood loss if they remain clinically stable. A normal shock index in spite of haemorrhage
(which would normally prompt referral based on visual estimation of blood loss) may reassure clinicians and allow patients to be treated locally preventing
unnecessary referral. Use of shock index bases decisions on a patients haemodynamic state as opposed to arbitrary values of blood loss which may not be
clinically useful. The CRADLE VSA is more accurate (especially in low blood pressure associated with shock), durable, and easier-to-use than commonly used
machines, thus improving vital sign observation.

Emergency transport is often scarce in these environments and shared with other specialties. Transfer can be on foot or public transport, incurring signi�cant
time delay and cost to patients or their families. Reducing referrals and targeting resources to those most at need is likely to be bene�cial. Reducing
unnecessary use of scarce ambulances will free up availability for use in any subsequent adverse event. Future research needs to equate the safety of shock
index in this setting particularly as a rule-out test for referral. Our data is supported by previous observations that a green light (representing SI < 0.9) is rarely
associated with signi�cant morbidity in women with post-partum haemorrhage.[23]

Strengths and Limitations of this Study
The strengths of these data are the multiple countries and multiple levels of health care facilities involved, as well as the rigorous data collection methods.
The CRADLE-3 trial was multicentre, randomised, cluster controlled and evaluated the device across over 500,000 deliveries.

Data on all patients attending the facilities during the period of analysis was not collected therefore number of bleeding patients referred cannot be presented
as a proportion of all bleeding patients who presented (denominator was patients presenting for all causes). Cause and timing of bleeding was not
documented and therefore not assessed. Further research into the effect of the CVSA on rates of haemorrhage and time to management in peripheral units
would aid in this evaluation.

The outcomes we use in support of the safety of this reduction in referrals are limited to emergency hysterectomy and death only. Potential adverse outcomes
associated with reduced referrals include near-misses. We did not assess near misses that may have occurred as a result of the intervention, but overall the
trial was associated with no increase in morbidity or mortality related to haemorrhage and the best estimates show a non-signi�cant reduction. We were
unable to control for time trends, however it remains unlikely, given the provision of other interventions remained constant, that the substantive reduction in
referrals can be accounted for by other causes. There is a chance that referral data may have been collected differently following CVSA training package, thus
affecting data collection. To mitigate this risk, health care professionals were encouraged to report in the same manner and a trained research teams collected
the data.

Although the introduction of the CVSA was not associated with a signi�cant change in referral patterns overall, there was signi�cant homogeneity in this data.
One site (Gokak, India) was an outlier with a substantially high referral rate that increased 15 fold following intervention (1.12–15.3%). On interrogation we
believe this was related to shock index > 0.9 being triggered by severe anaemia, a condition highly prevalent in Karnataka. This is a subject of further research
at present. When this outlier is removed, overall referrals were signi�cantly reduced by the CVSA for all causes (OR 0.62 (0.43–0.90 p = 0), but none as great as
those for haemorrhage. During the trial period there was a 9% reduction in mortality in absolute terms pre- and post- intervention.[1]
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Conclusion
Implementation of the CVSA and training reduced referrals to higher level care for bleeding women without signi�cantly increasing death or emergency
hysterectomy. Overall referrals did not increase signi�cantly.

Poor outcomes following obstetric haemorrhage have been attributed to delayed treatment, inaccurate estimation of blood loss, absence of treatment
protocols, poor communication among the treating teams, and inadequate organisational support.[24][25] We propose the use of the shock index as an
accurate and simple observation tool that, when integrated into the CVSA invervention can improve e�ciency in referral and management. This secondary
analysis of the CRADLE-3 trial determines that the CVSA intervention reduces strain on systems from bleeding patients without a negative effect on outcome.
Further analysis would be useful in evaluating the use of shock index in reducing time to treatment and reducing poor obstetric outcomes through a
prospective in-country analysis and trial of its use in management.

Declarations
Ethics approval and consent to participate:

Ethics approval was granted by the King's College London (UK) Research Ethics Subcommittee (LRS-14/15-1484) and in all countries before the start of the
trial. Institutional-level consent on behalf of the cluster was obtained.

This study was conducted in accordance with the current principles of the Declaration of Helsinki (October 2008. The conduct of this study was in full
compliance with the relevant regulations and principles of Good Clinical Practice and equivalent guidance from our trial countries. Local ethical approval from
each cluster has been granted:

Ethiopian Public Health Institute, Ethiopia: EPHI6.4/185

L.E Society’s Jawaharlal Nehru Medical College, Belgaum, India: MDC/IECHSR/2015-16/A-59

National Health Sciences Research Committee at Zomba Central Hospital Malawi: NHSRC 15/11/1504

O�ce of the Sierra Leone Ethics and Scienti�c Review Committee Directorate of Training and Research, Connaught Hospital; Sierra Leone

Uganda National Council for Science and Technology; Uganda: HS1953

ERES Converge; Zambia: 20215-Aug-008

Medical Research Council of Zimbabwe; Zimbabwe: MRCZ/A/1999

Haiti does not have a formal ethical review process. Memorandums of understanding were drawn up with each hospital trust and a letter of support
gained from the Ministry of Health

Institutional-level consent on behalf of all subjects was obtained. In accord with recognised procedures for stepped-wedge trials primary outcome data was
collected centrally rather than individually.[26–28] Informed written consent was obtained from health care professionals participating in focus groups,
interviews and evaluation of the appropriateness of the referrals log. Institutional-level consent is appropriate considering the following:

The intervention (i.e. vital sign measurement) is part of standard care, of minimal risk, and does not adversely affect the rights and welfare of the
individual women

The intervention is delivered at the level of the cluster, rather than the level of the individual woman. The unit of randomisation is the cluster, not the
individual woman and, therefore, standard care will encompass exposure to the intervention.

Availability of data and materials:

The dataset from CRADLE-3 is available to appropriate academic parties on request from the Chief Investigator in accordance with the data sharing policies of
King’s College London, UK, with input from the Co-investigator where applicable.

Competing interests:

The CRADLE VSA has been developed by Microlife with academic input from King’s College London and funding from Bill and Melinda Gates. The device is
provided at manufacturing cost for this trial and is available to purchase at low cost to all LMIC. King’s College London receive no funds from the sale of
devices to LMIC. No authors declare any competing interests.

Funding:

Newton Fund Global Research Programme: UK Medical Research Council; Department of Biotechnology, Ministry of Science & Technology, Government of
India; and UK Department of International Development.

Authors Contributions:

AS is primary investigator for the CRADLE trials and has academic oversight in all actions. SG and FG are co-PIs for India and low –resource settings
respectively. JS is senior social scientist who supported the design, process evaluation and qualitative components of this study. PS as trial statistician has
undertaken all statistical work. NV was CRADLE-3 trial coordinator, overseeing all data collection, creation of training package and data collection tools. LC



Page 6/7

and HN were co-investigators supporting trial management. Secondary analysis of data was performed by PS, LG, AS and LC. All authors have contributed to
the writing of this paper.

Acknowledgements:

The CRADLE-3 trial was funded by the UK Medical Research Council, Indian Department of Biotechnology, and UK Department of International Development
Global Research Programme ( MR/N006240/1 ). JS and PTS are supported by the UK National Institute for Health Research (NIHR) Collaboration for
Leadership in Applied Health Research and Care South London at King's College Hospital National Health Service Foundation Trust. LCC is supported by an
NIHR Research Professorship ( RP-2014-05-019 ). The views expressed are those of the authors and not necessarily those of the National Health Service, the
NIHR, or the UK Department of Health and Social Care.

References
1. Vousden N, Lawley E, Nathan HL, et al. Effect of a novel vital sign device on maternal mortality and morbidity in low-resource settings: a pragmatic,

stepped-wedge, cluster-randomised controlled trial. Lancet Glob Heal 2019;7:347–56. doi:10.1016/S2214-109X(18)30526-6

2. Tunçalp Ö, Souza JP, Gülmezoglu M. New WHO recommendations on prevention and treatment of postpartum hemorrhage. Int J Gynecol Obstet
2013;123:254–6. doi:10.1016/j.ijgo.2013.06.024

3. World Health Organization G, Fund UNC, Fund UNP, et al. Trends in maternal mortality 2000 to 2017: estimates by WHO, UNICEF, UNFPA, World Bank
Group and the United Nations Population Division. Geneva World Heal Organ 2019;:104.

4. Say L, Chou D, Gemmill A, et al. Global causes of maternal death: A WHO systematic analysis. Lancet Glob Heal 2014;2:e323-33. doi:10.1016/S2214-
109X(14)70227-X LK - http://wx7cf7zp2h.search.serialssolutions.com?sid=EMBASE&issn=2214109X&id=doi:10.1016%2FS2214-109X%2814%2970227-
X&atitle=Global+causes+of+maternal+death%3A+A+WHO+systematic+analysis&stitle=Lancet+Global+Health&title=The+Lancet+Global+Health&volume=
&date=2014&auinit1=L&auinitm=

5. Campbell OM, Graham WJ. Strategies for reducing maternal mortality: getting on with what works. Lancet 2006;368:1284–99. doi:10.1016/S0140-
6736(06)69381-1

�. Thaddeus S, Maine D. Too far to walk: Maternal mortality in context. Soc Sci Med 1994;38:1091–110. doi:10.1016/0277-9536(94)90226-7

7. Gabrysch S, Campbell OMR. Still too far to walk: Literature review of the determinants of delivery service use. BMC Pregnancy Childbirth 2009;9:34.
doi:10.1186/1471-2393-9-34

�. Hezelgrave NL, Unwin C, Baker EC, et al. Low-cost automated blood pressure monitors for the detection of pre-eclampsia in rural Tanzanian health clinics:
3 year follow up. Arch Dis Child - Fetal Neonatal Ed 2012;97:A37.2-A37. doi:http://dx.doi.org/10.1136/fetalneonatal-2012-301809.118

9. Baker EC, Hezelgrave N, Magesa SM, et al. Introduction of automated blood pressure devices intended for a low resource setting in rural Tanzania. Trop
Doct 2012;Apr 42:101–3. doi:10.1258/td.2011.110352

10. Nathan HL, Cottam K, Hezelgrave NL, Seed PT, Briley A, Bewley S et al. Determination of normal ranges of shock index and other haemodynamic variables
in the immediate postpartum period: A cohort study. PLoS One 2016;11:e0168535. https://doi.org/10.1371/journal.pone.016. doi:10.1111/1471-
0528.13206

11. Nathan HL, Vousden N, Lawley E, et al. Development and evaluation of a novel Vital Signs Alert device for use in pregnancy in low-resource settings. BMJ
Innov 2018;4:192–8. doi:10.1136/bmjinnov-2017-000235

12. De Greeff A, Nathan H, Stafford N, et al. Development of an accurate oscillometric blood pressure device for low resource settings. Blood Press Monit
2008;Dec 13:342–8. doi:10.1097/MBP.0b013e32830fd07c

13. Nathan HL, De Greeff A, Hezelgrave NL, et al. An accurate semiautomated oscillometric blood pressure device for use in pregnancy (including pre-
eclampsia) in a low-income and middle-income country population: The Microlife 3AS1-2. Blood Press Monit 2015;20:52–5.
doi:10.1097/MBP.0000000000000086

14. Nathan HL, Cottam K, Hezelgrave NL, et al. Determination of normal ranges of shock index and other haemodynamic variables in the immediate
postpartum period: A cohort study. PLoS One Published Online First: 2016. doi:10.1371/journal.pone.0168535

15. Nathan HL, De Greeff A, Hezelgrave NL, et al. Accuracy validation of the Microlife 3AS1-2 blood pressure device in a pregnant population with low blood
pressure. Blood Press Monit Published Online First: 2015. doi:10.1097/MBP.0000000000000134

1�. Nathan HL, El Ayadi A, Hezelgrave NL, et al. Shock index: An effective predictor of outcome in postpartum haemorrhage? BJOG An Int J Obstet Gynaecol
2015;122:268–75. doi:10.1111/1471-0528.13206

17. Schneider H, Okello D, Lehmann U. The global pendulum swing towards community health workers in low- and middle-income countries: A scoping review
of trends, geographical distribution and programmatic orientations, 2005 to 2014. Hum Resour Health 2016;14:65. doi:10.1186/s12960-016-0163-2

1�. Boene H, Vidler M, Augusto O, et al. Community health worker knowledge and management of pre-eclampsia in southern Mozambique. Reprod Health
2016;13:105. doi:10.1186/s12978-016-0220-2

19. Betrán AP, Bergel E, Gri�n S, et al. Provision of medical supply kits to improve quality of antenatal care in Mozambique: a stepped-wedge cluster
randomised trial. Lancet Glob Heal 2018;6:e57–65. doi:10.1016/S2214-109X(17)30421-7

20. Godin I, Kittel F, Coppieters Y, et al. A prospective study of cumulative job stress in relation to mental health. BMC Public Health. 2005;5:doi:
10.1186/1471-2458-5-67. doi:10.1186/1471-2458-5-67

21. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7:177–88. doi:10.1016/0197-2456(86)90046-2

http://wx7cf7zp2h.search.serialssolutions.com/?sid=EMBASE&issn=2214109X&id=doi:10.1016%2FS2214-109X%2814%2970227-X&atitle=Global+causes+of+maternal+death%3A+A+WHO+systematic+analysis&stitle=Lancet+Global+Health&title=The+Lancet+


Page 7/7

22. Vousden N, Lawley E, Nathan HL, et al. Evaluation of a novel vital sign device to reduce maternal mortality and morbidity in low-resource settings: a mixed
method feasibility study for the CRADLE-3 trial. BMC Pregnancy Childbirth 2018;18:115. doi:10.1186/s12884-018-1737-x

23. Nathan HL, Seed PT, Hezelgrave NL, et al. Shock index thresholds to predict adverse outcomes in maternal hemorrhage and sepsis: A prospective cohort
study. Acta Obstet Gynecol Scand 2019;98:1178–86. doi:10.1111/aogs.13626

24. Driessen M, Bouvier-Colle MH, Dupont C, et al. Postpartum Hemorrhage Resulting From Uterine Atony After Vaginal Delivery. Obstet Anesth Dig Published
Online First: 2012. doi:10.1097/01.aoa.0000410784.95051.31

25. Dupont C, Touzet S, Colin C, et al. Incidence and management of postpartum haemorrhage following the dissemination of guidelines in a network of 16
maternity units in France. Int J Obstet Anesth Published Online First: 2009. doi:10.1016/j.ijoa.2009.02.017

2�. Weijer C, Grimshaw JM, Taljaard M, et al. Ethical issues posed by cluster randomized trials in health research. Trials Published Online First: 2011.
doi:10.1186/1745-6215-12-100

27. Hutton JL, Eccles MP, Grimshaw JM. Ethical issues in implementation research: A discussion of the problems in achieving informed consent. Implement
Sci Published Online First: 2008. doi:10.1186/1748-5908-3-52

2�. Sim J, Dawson A. Informed consent and cluster-randomized trials. Am J Public Health Published Online First: 2012. doi:10.2105/AJPH.2011.300389

Figures

Figure 1

Forest plot displaying random effects meta-analysis of referrals for bleeding from all sites.


