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Abstract

In this before and after cross-sectional analysis, the authors aim to assess the impact of the

bundle of research and training initiatives implemented between 2013 and 2018, and coordi-

nated by the Italian Obstetric Surveillance System (ItOSS) to reduce obstetric haemorrhagic

emergencies in five selected Italian Regions. To this purpose, the haemorrhagic Maternal

Mortality Ratios (MMR) per 100,000 live births were estimated before and after implement-

ing the bundle, through the ItOSS’s vital statistic linkage procedures and incident reporting

and Confidential Enquiries. The research and training bundle was offered to all health pro-

fessionals involved in pregnancy and birth care in the selected regions, representing 40% of

national live births, and participating in the ItOSS audit cycle since its institution. The hae-

morrhagic MMR significantly decreased from 2.49/100,000 live births [95% CI 1.75 to 3.43]

in the years 2007–2013 prior to the bundle implementation, to 0.77/100,000 live births [95%

CI 0.31 to 1.58] in the years 2014–2018 after its implementation. According to the study

results, the bundle of population-based initiatives might have contributed to reducing the

haemorrhagic MMR in the participating regions, thus improving the quality of care of the

major obstetric haemorrhage.

Introduction

Estimating maternal mortality is a complex global challenge. Only a few countries adopt

enhanced surveillance systems capable of accurately estimating the maternal mortality ratio

(MMR) through vital statistics linkage procedures and assessing causes of death and avoidabil-

ity through incident reporting and Confidential Enquiries [1].

The Italian Obstetric Surveillance System (ItOSS), participating in the multinational Inter-

national Network of Obstetric Survey Systems (INOSS) [2], investigates maternal mortality

through an enhanced system based on an audit cycle model. The cycle starts by identifying
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maternal deaths, collecting and recording data systematically and critically analysing the col-

lected data to generate and implement recommendations (Fig 1). The cycle is then able to

assess the subsequent impact on MMRs over time. Designing and implementing this surveil-

lance system, blending clinical practice and public health in Italy, turned out to be a titanic

task characterised by hope and despair.

The ItOSS surveillance relies on retrospective vital statistics linkage procedures [3] and pro-

spective notification and critical review of incident cases [1, 4]. During the years 2013–17, the

ItOSS Confidential Enquiries into maternal deaths deemed 45.5% of the notified maternal

deaths as avoidable, highlighting broad opportunities for obstetric care improvement [1, 4].

Obstetric haemorrhage is globally recognised as the leading cause of maternal mortality [5].

This complication is widely preventable and has therefore been proposed as an appropriate

indicator of obstetric emergency care [6]. During the years 2000–07 the first Italian maternal

mortality estimate revealed a haemorrhagic maternal mortality ratio (MMR) of 2.90/100,000

live births [7], a much higher number compared to the figure of 0.66/100.000 maternities

reported by the United Kingdom Confidential Enquiries into maternal deaths in the years

2003–05 [8]. According to the ItOSS estimates, since 2013 obstetric haemorrhage has been sta-

ble over time as the leading cause of maternal death within 42 days from any pregnancy out-

come [1, 3, 4]. To enhance the haemorrhage emergency care in the country, ItOSS

disseminated the surveillance results among health professionals and decision-makers and

implemented a bundle of research and training activities in selected Italian Regions. The con-

cept of a “care bundle” is based on the theory that “when several evidence-based interventions

are grouped together in a single protocol, it will improve patient outcome” [9]. It has proved

its effectiveness among patients admitted to intensive care units [10] and has since spread to

other disciplines. This notion inspired ItOSS’ approach in developing evidence-based and

carefully selected initiatives for the research and training bundle set, designed for health pro-

fessionals involved in pregnancy and birth assistance. The bundle included specific research

activities to define priorities and identify improvable aspects of care; clinical recommendations

to disseminate evidence and audit; training activities to strengthen effective delivery of high-

Fig 1. The ItOSS surveillance cycle.

https://doi.org/10.1371/journal.pone.0250373.g001
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impact evidence-based interventions. Each activity has already been the object of independent

publications [1, 4, 11–13].

The study’s objective is to assess the impact on haemorrhagic maternal mortality of a bun-

dle of population-based research and training initiatives, coordinated within the ItOSS audit

cycle in five Italian regions, by comparing the haemorrhagic MMRs before and after the bun-

dle implementation.

Materials and methods

All patient’ personal data were fully anonymised before the access. The Ethics committee

waived the requirement for informed consent.

The ItOSS is responsible for monitoring maternal deaths in Italy and has maintained a data-

base of all deaths identified through vital statistics linkage procedures since 2007, cross-

checked with cases detected by incident reporting and Confidential Enquiries since 2013.

The present analysis includes only five of the Italian Regions participating in the ItOSS

since its institution–i.e., Piedmont, Emilia-Romagna, Tuscany, Latium, and Sicily–covering

around 40% of national live births. Guaranteeing MMR computation and avoiding estimate

distortions is crucial. Therefore, the Regions were selected on the basis of their annual births

(�35000), of the availability of vital statistics for the entire study period and of their geographi-

cal location in the country (North: Piedmont, Emilia-Romagna; Centre: Tuscany, Latium; and

South: Sicily) (Fig 2).

Fig 2. Italian Regions participating in the study and in the ItOSS network.

https://doi.org/10.1371/journal.pone.0250373.g002
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This before and after cross-sectional analysis aims to measure the haemorrhagic specific

MMRs before and after implementing the bundle of research and training activities promoted

by the ItOSS to reduce avoidable haemorrhagic maternal deaths. Accordingly, the whole

period covered by the enhanced maternal mortality surveillance system (2007–2018) was

divided into two intervals, the “before” period covering the years 2007–2013 preceding the

implementation of the bundle of activities; and the “after” period that saw the bundle of activi-

ties uninterruptedly implemented from 2014 to 2018.

The ItOSS bundle included:

• The application of the incident reporting and Confidential Enquiries system to assess the

quality of the provided care and establish the cause and avoidability of the maternal deaths

in the five participating Regions through the following consolidated practices: i) multi-pro-

fessional audits carried out by the staff who assisted the deceased women at the health facili-

ties; ii) Confidential Enquiries performed by a multidisciplinary Regional committee of

experts and iii) the review of each case of maternal death performed jointly by the experts of

the National Scientific Committee from 2014 to 2018 [1, 4];

• Three editions of two different distance learning courses on postpartum haemorrhage

(PPH) prevention and treatment offered free of charge to all health professionals involved in

obstetric care in Italy under the Continuous Medical Accreditation system, from 2014 to

2016 [11].

• The prospective population-based study collecting any incident haemorrhagic obstetric

near-miss from September 2014 to August 2016 and reviewing them through in-hospital

multidisciplinary audits in the five participating regions [12].

• The development and dissemination of the first national Guideline "Postpartum haemor-

rhage: how to prevent, how to cure it” published in October 2016 [13, 14].

The methodology of these activities has been described in previous papers [1, 4, 11–13].

Maternal deaths due to obstetric haemorrhage between 2007 and 2018 were detected

through data linkage between the regional Death Registries and the Hospital Discharge Data-

base [3]. Women’s personal data were matched to pregnancy or pregnancy-related hospitalisa-

tion for any obstetric outcome (miscarriage, induced abortion, ectopic and molar pregnancy,

stillbirth, or live birth) through a deterministic linkage procedure. The identified cases were

classified as direct or indirect maternal deaths during pregnancy or within 42 days from its

outcome, under the International Classification of Disease and Related Health Problems -10th

Revision (ICD-10) classification [15]. Since 2013, ItOSS compared the correspondence

between the two data sources of the enhanced surveillance system, adopting the incident

reporting and Confidential Enquiries system as the gold standard for the cause of death ascer-

tainment [1, 4].

The 2007–2018 haemorrhagic MMR–defined as the number of maternal deaths due to

obstetric haemorrhage per 100,000 live births–was analysed estimating its value along with

95% CI. The analysis was divided into the “before” (2007–2013) and “after” (2014–2018) peri-

ods. The P-values for test on the equality of proportions was calculated for both the periods.

Given the low prevalence of the haemorrhagic maternal deaths, differences among the specific

regional MMRs during the study period were undetectable. Data were analysed through the

Statistical Package Stata/SE 15.1 (StataCorp. 2017. Stata Statistical Software: Release 15. College

Station, TX: StataCorp LLC).
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Ethical approval

The Ethics Committee of the Istituto Superiore di Sanità evaluated the population-based proj-

ect and stated its ethical approval (Prot. PRE- C318/15, Rome 12/05/2015). Medical records of

the deceased women have been accessed for the regional and national Confidential Enquiries

between December 2013 and December 2018.

Results

Based on the vital statistics linkage procedures, from 2007 to 2018 in the five participating

Regions 44 obstetric haemorrhagic maternal deaths occurred. Out of these, 13 were also pro-

spectively notified from 2013 to 2018 by the ItOSS incident reporting and Confidential

Enquiries system.

The estimated MMR due to obstetric haemorrhage during the whole study period (from

2007 to 2018) in the five participating Regions was 1.84/100,000 live births [95% CI 1.33 to

2.46]. The highest ratio was from the South of the country (3.11/100,000) compared to those

from the Centre (1.45/100,000) and the North (1.47/100,000).

In the five Italian Regions, during the “before” period (between 2007 and 2013) the vital sta-

tistic linkage procedures detected 37 maternal deaths due to obstetric haemorrhage. The esti-

mated specific MMR was equal to 2.49/100,000 live births [95% CI 1.75 to 3.43]. As reported

in Table 1, between 2014 and 2018 –the “after” period–both the retrospective vital statistic

linkage procedures and the prospective incident reporting and Confidential Enquiries system

detected seven haemorrhagic maternal deaths and the ratio decreased to 0.77/100,000 live

births [95% CI 0.31 to 1.58] (p-value = 0.0013).

A secondary result of the study that followed the validation of the ItOSS bundle was the

maternal morbidity monitoring activity, implemented at a regional level, through the analysis

of Hospital Discharge Database data and the promotion of multidisciplinary audits of severe

obstetric morbidity. The Emilia-Romagna Region formally approved a specific administrative

act [16] from the Regional Council providing for mandatory execution of multidisciplinary

audits in case of any severe maternal morbidity, to promote obstetric care safety and clinical

governance.

Discussion

Main findings

The haemorrhagic MMR in the five Italian regions participating in the ItOSS since its institu-

tion decreased from 2.49 per 100,000 live births to 0.77, during the “before” and “after period”

respectively. The observed decrease of the haemorrhagic MMR approximates the 0.66 UK fig-

ure [8] that had prompted the interventions to reduce avoidable haemorrhagic maternal

deaths. While ItOSS implemented the bundle of research and training interventions in the par-

ticipating Regions, other national, regional and local agencies implemented activities during

Table 1. Maternal mortality ratio due to obstetric haemorrhage in five Italian regions (Piedmont, Emilia-Romagna, Tuscany, Lazio and Sicily). Years 2007–2018.

Years Live births Haemorrhagic maternal deaths Haemorrhagic MMR per 100.000 live births (95% CI)

2007–2013 1,485,928 37 2.49 [1.75–3.43]

2014–2018 910,993 7 0.77 [0.33–1.58]

MMR: Maternal Mortality Ratio, CI: confidence interval

https://doi.org/10.1371/journal.pone.0250373.t001
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the same period with a similar aim. It is plausible that the joint effort contributed to achieving

a significant reduction in the haemorrhagic maternal mortality ratio.

Strengths and limitations

The study’s strengths include the ItOSS sound methodology for data collection and validation

and the population-based approach of surveillance and research activities included in the

ItOSS bundle.

MMRs comparison over time is undeniably the most robust outcome measure that public

health surveillance of maternal mortality can provide. The ItOSS’ commitment to promoting,

implementing and validating the entire audit cycle’s activities for over ten years in the partici-

pating regions represents a strength of the study. Nevertheless, our findings should be inter-

preted in light of several potential limitations. First, the study cannot distinguish between the

effects of the interventions directly promoted and implemented by the ItOSS bundle from

those of other similar interventions promoted to obtain higher quality of care of life-threaten-

ing haemorrhagic conditions. It seems reasonable to assume that some initiatives not directly

related to the ItOSS might have sprung from the knowledge disseminated by ItOSS regarding

the magnitude and the preventability of haemorrhagic maternal deaths.

A second limitation arises from the subnational surveillance coverage. The decrease in hae-

morrhagic maternal mortality was observed and assessed only in five Italian Regions; there-

fore, it cannot be extended to the entire national territory. Last, the ItOSS public health

approach, based on a bundle of research and training activities implemented over the years

and involving hundreds of different clinicians, prevents us from identifying a causal relation-

ship with the individual interventions. Nevertheless, some of the non-modifiable risk factors

associated to haemorrhagic emergencies, such as advanced maternal age at birth, caesarean

section (CS) and previous CS rates, have been increasing throughout the study period, thus

supporting the importance of the quality of care improvement [16, 17]. Further research is

needed to confirm the effectiveness of similar interventions in reducing avoidable adverse

maternal outcomes in other countries.

Interpretation

The decrease in haemorrhagic maternal deaths was observed in five Regions selected among

those participating in the ItOSS surveillance since its institution in 2007. Since then, regional

participation has increased and today the network covers 85% of total births, equally distrib-

uted in the North, Centre and South of the country (Fig 2). In 2018, the Euro-Peristat Report

[18] described the Italian Obstetric Surveillance System as one of the seven enhanced maternal

mortality surveillance systems in Europe, an example for the 24 countries still lacking

enhanced surveillance. In this field of research translating scientific evidence into action is a

challenge. By transforming knowledge into a shared tool to establish causal relationships and

providing evidence-based recommendations to clinicians and policy-makers it was possible to

investigate critical aspects of care and promote prevention and optimal treatment of obstetric

haemorrhage. The ItOSS deserves credit for coordinating ongoing obstetric surveillance that

allowed to measure the outcomes of this study, for monitoring the quality of care and promot-

ing the actions needed to reach the reduction of haemorrhagic MMR. The clinical governance

activities implemented in the Emilia-Romagna Region are examples of how the ItOSS initia-

tives can act as an effect multiplier to enhance good clinical practice at a regional level.

From 2000 on, the World Health Organization has promoted severe maternal morbidity

(SMM) monitoring in high-income countries to optimise care by identifying and managing

system criticalities and intervention priorities [19]. The UK has adequately demonstrated that
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a decrease in maternal mortality can be achieved through the strategy "going beyond the num-

bers” by continuously monitoring MMR and SMM, updating clinical practice recommenda-

tions and training health professionals [20].

We asked Italian clinicians to respond to the high haemorrhagic MMR, act in light of the

knowledge gained through the ItOSS surveillance and move beyond the numbers. The popula-

tion-based approach and the adoption of shared SMM definitions among the countries partici-

pating in the INOSS [21] led to robust epidemiologic data allowing for SMM incidence rates

estimates and international comparisons [22, 23].

The main results of the ItOSS bundle research and training initiatives are briefly described

below to provide an insight into their sequential integration and effectiveness in improving the

quality of haemorrhagic emergency care. Out of the 13 haemorrhagic maternal deaths notified

by the ItOSS incident reporting and Confidential Enquiries system, ten were classified as

avoidable with inappropriate care [1, 4]. Most criticisms reported by the reviewers were pro-

vider-related. Among these, the lack of adequate communication between professionals, the

inability to appreciate the severity of the clinical condition, the delay in diagnosis and treat-

ment, the inappropriate care during pregnancy and the inappropriate monitoring of maternal

conditions after birth were frequently reported. The free distance-learning courses on the pre-

vention, diagnosis, and management of PPH addressed these criticalities and were appreciated

by the health professionals involved in obstetric care. Around 15.000 clinicians, representing

nationwide 44% of the total number of midwives, 15% of obstetricians and 9% of anaesthesiol-

ogists, were enrolled in the courses [11]. The simultaneous launch of the population-based

prospective project on haemorrhagic near-miss events allowed for the first estimate of the inci-

dence rates of haemorrhagic peripartum near-misses’ in the participating Regions. The high

rate of peripartum hysterectomy (0,81/1000) solicited multidisciplinary audits to examine and

investigate each incident near-miss case. It also claimed the identification of improvable

aspects of care in each participating health facility [12]. To top the bundle, ItOSS developed

and published the first evidence-based national Guideline on PPH prevention and treatment

to update local protocols and respond more effectively to obstetric haemorrhagic emergencies

[13]. An abridged version was offered to the public, as well [14].

Epidemiological surveillance, clinical governance and health professionals’ continuing edu-

cation are all closely linked. The availability of accurate data is crucial to ensure accountability,

involve stakeholders and secure funding. The research and training initiatives implemented by

the ItOSS audit cycle contributed to improving the quality of obstetric emergency care, the

most important tool to avoid preventable adverse maternal and perinatal outcomes in high-

income countries.

Conclusions

Our study results highlight some important issues. In a high-income country like Italy an

enhanced maternal mortality surveillance system that spreads knowledge and involves health

professionals in a bundle of research and training activities to improve the quality of care, can

plausibly contribute to the reduction of maternal deaths due to major obstetric haemorrhage.

Clinicians should always be actively involved to ensure maternal death review and implemen-

tation of “lessons learned” by discussing the objectives and methods to be adopted in the bun-

dle of activities and providing permanent feedback. The surveillance audit cycle included a

start–identifying cases and collecting data systematically, employing critical analysis to gener-

ate recommendations, implementing action for improvement–and a conclusion, that led to a

significant decrease in the haemorrhagic maternal mortality ratio.
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5. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller AB, Daniels J, et al. Global causes of maternal death: a

WHO systematic analysis. Lancet Glob Health 2014 Jun; 2(6):e323–33. https://doi.org/10.1016/

S2214-109X(14)70227-X PMID: 25103301

6. Wildman K, Bouvier-Colle MH; MOMS Group. Maternal mortality as an indicator of obstetric care in

Europe. BJOG 2004 Feb; 111(2):164–9. https://doi.org/10.1046/j.1471-0528.2003.00034.x-i1 PMID:

14723755

7. Donati S, Senatore S, Ronconi A. Regional maternal mortality working group. Maternal mortality in Italy:

a record-linkage study. BJOG 2011 Jun; 118(7):872–9. https://doi.org/10.1111/j.1471-0528.2011.

02916.x PMID: 21392245

8. Lewis G. The Confidential Enquiry into Maternal and Child Health (CEMACH). Saving Mothers’ Lives:

reviewing maternal deaths to make motherhood safer—2003–2005. The Seventh Report on Confiden-

tial Enquiries into Maternal Deaths in the United Kingdom. Obstet Med 2008 Sep; 1(1):54.

9. Fulbrook P, Mooney S. Care bundles in critical care: a practical approach to evidence-based practice.

Nurs Crit Care 2003 Nov-Dec; 8(6):249–55. https://doi.org/10.1111/j.1362-1017.2003.00039.x PMID:

14725390

10. Crunden E, Boyce C, Woodman H, Bray B. An evaluation of the impact of the ventilator care bundle.

Nurs Crit Care 2005 Sep-Oct; 10(5):242–6. https://doi.org/10.1111/j.1362-1017.2005.00134.x PMID:

16161379

11. D’Aloja P, Maraschini A, Lega I, Andreozzi S, Sampaolo L, Valetto MR, et al. Acceptance of e-Learning

Programs for Maternity Health Care Professionals Implemented by the Italian Obstetric Surveillance

System. J Contin Educ Health Prof. 2020 Fall; 40(4):289–292. https://doi.org/10.1097/CEH.

0000000000000304 PMID: 33284182.

12. Maraschini A, Lega I, D’Aloja P, Buoncristiano M, Dell’Oro S, Donati S. Regional Obstetric Surveillance

System Working Group. Women undergoing peripartum hysterectomy due to obstetric hemorrhage: A

prospective population-based study. Acta Obstet Gynecol Scand 2020 Feb; 99(2):274–282. https://doi.

org/10.1111/aogs.13727 PMID: 31520414

13. Emorragia post partum: come prevenirla, come curarla. Sistema nazionale per le linee guida (SNLG)

[internet] 2016;26. Available from: http://old.iss.it/binary/moma/cont/LGEPPcorrige.pdf Last access:

05.01.2021

14. Emorragia post partum–Istituto Superiore di Sanità—versione divulgativa [internet]. Available from:

www.epicentro.iss.it/itoss/pdf/LGEPPdivulg.pdf. Last access: 05.01.2021

15. ICD-10: International statistical classification of diseases and related health problem:, tenth revision.

2nd ed. Geneva: WHO; 2004 [internet]. Available from: https://apps.who.int/iris/handle/10665/42980.

16. Regione Emilia-Romagna Atti amministrativi Giunta Regionale “Linee di programmazione e di finanzia-

mento delle aziende e degli Enti del Servizio Sanitario Regionale per l’anno 2018. Delibera n. 919

(18.06.2018) [internet]. Available from: (https://bur.regione.emilia-romagna.it/dettaglioinserzione?i=

2af3f298e47646a697b52e81eb9c90e2.t). Last access: 05.01.2021

17. Agenzia Nazionale per i Servizi Sanitari Regionali (Agenas) Linee di indirizzo clinico-organizzative per

la prevenzione delle complicanze legate alla gravidanza. Agenas 2017 [Clinical-organizational guide-

lines for the prevention of complications related to pregnancy year 2017] (in Italian). Available from:

https://www.ars.toscana.it/files/corist/sepsi/Linee_indirizzo_prevenzione_complicanze_in_gravidanza.

pdf Last access: 05.01.2021

18. Euro-Peristat Project. European Perinatal Health Report. Core indicators of the health and care of preg-

nant women and babies in Europe in 2015. November 2018. Available from: www.europeristat.com.

PLOS ONE Obstetric Surveillance to reduce haemorrhagic maternal deaths

PLOS ONE | https://doi.org/10.1371/journal.pone.0250373 April 23, 2021 9 / 10

https://doi.org/10.4415/ANN%5F19%5F04%5F10
http://www.ncbi.nlm.nih.gov/pubmed/31850864
https://doi.org/10.1111/aogs.12316
http://www.ncbi.nlm.nih.gov/pubmed/24382256
https://doi.org/10.1111/aogs.13415
http://www.ncbi.nlm.nih.gov/pubmed/29956300
https://www.epicentro.iss.it/itoss/pdf/ItOSS.pdf
https://www.epicentro.iss.it/itoss/pdf/ItOSS.pdf
https://doi.org/10.1016/S2214-109X%2814%2970227-X
https://doi.org/10.1016/S2214-109X%2814%2970227-X
http://www.ncbi.nlm.nih.gov/pubmed/25103301
https://doi.org/10.1046/j.1471-0528.2003.00034.x-i1
http://www.ncbi.nlm.nih.gov/pubmed/14723755
https://doi.org/10.1111/j.1471-0528.2011.02916.x
https://doi.org/10.1111/j.1471-0528.2011.02916.x
http://www.ncbi.nlm.nih.gov/pubmed/21392245
https://doi.org/10.1111/j.1362-1017.2003.00039.x
http://www.ncbi.nlm.nih.gov/pubmed/14725390
https://doi.org/10.1111/j.1362-1017.2005.00134.x
http://www.ncbi.nlm.nih.gov/pubmed/16161379
https://doi.org/10.1097/CEH.0000000000000304
https://doi.org/10.1097/CEH.0000000000000304
http://www.ncbi.nlm.nih.gov/pubmed/33284182
https://doi.org/10.1111/aogs.13727
https://doi.org/10.1111/aogs.13727
http://www.ncbi.nlm.nih.gov/pubmed/31520414
http://old.iss.it/binary/moma/cont/LGEPPcorrige.pdf
http://www.epicentro.iss.it/itoss/pdf/LGEPPdivulg.pdf
https://apps.who.int/iris/handle/10665/42980
https://bur.regione.emilia-romagna.it/dettaglioinserzione?i=2af3f298e47646a697b52e81eb9c90e2.t
https://bur.regione.emilia-romagna.it/dettaglioinserzione?i=2af3f298e47646a697b52e81eb9c90e2.t
https://www.ars.toscana.it/files/corist/sepsi/Linee_indirizzo_prevenzione_complicanze_in_gravidanza.pdf
https://www.ars.toscana.it/files/corist/sepsi/Linee_indirizzo_prevenzione_complicanze_in_gravidanza.pdf
http://www.europeristat.com
https://doi.org/10.1371/journal.pone.0250373


19. Say L, Pattinson RC, Gülmezoglu AM. WHO systematic review of maternal morbidity and mortality: the

prevalence of severe acute maternal morbidity (near miss). Reprod Health 2004 Aug 17; 1(1):3. https://

doi.org/10.1186/1742-4755-1-3 PMID: 15357863

20. Knight M, Acosta C, Brocklehurst P, et al. Beyond maternal death: improving the quality of maternal

care through national studies of ‘near-miss’ maternal morbidity. Southampton (UK): NIHR Journals

Library 2016 Jun (Programme Grants for Applied Research, No. 4.9.) Available from: https://www.ncbi.

nlm.nih.gov/books/NBK368642/ https://doi.org/10.3310/pgfar04090 PMID: 27386616

21. Maternal Death Surveillance and Response: technical guidance information for action to prevent mater-

nal death. Geneva. WHO 2013. Available from: https://apps.who.int/iris/bitstream/handle/10665/

87340/9789241506083_eng.pdf;jsessionid=705924E444ED4E73EED5447B75E633D5?sequence=1.

Last access: 05.01.2021

22. Kallianidis AF, Maraschini A, Danis J, Colmorn LB, Deneux-Tharaux C, Donati S, et al. Epidemiological

analysis of peripartum hysterectomy across nine European countries. Acta Obstet Gynecol Scand 2020

May 2. https://doi.org/10.1111/aogs.13892 PMID: 32358968

23. Chantry AA, Berrut S, Donati S, Gissler M, Goldacre R, Knight M, et al. Monitoring severe acute mater-

nal morbidity across Europe: A feasibility study. Paediatr Perinat Epidemiol 2020 Jul; 34(4):416–426.

https://doi.org/10.1111/ppe.12557 PMID: 31502306

PLOS ONE Obstetric Surveillance to reduce haemorrhagic maternal deaths

PLOS ONE | https://doi.org/10.1371/journal.pone.0250373 April 23, 2021 10 / 10

https://doi.org/10.1186/1742-4755-1-3
https://doi.org/10.1186/1742-4755-1-3
http://www.ncbi.nlm.nih.gov/pubmed/15357863
https://www.ncbi.nlm.nih.gov/books/NBK368642/
https://www.ncbi.nlm.nih.gov/books/NBK368642/
https://doi.org/10.3310/pgfar04090
http://www.ncbi.nlm.nih.gov/pubmed/27386616
https://apps.who.int/iris/bitstream/handle/10665/87340/9789241506083_eng.pdf;jsessionid=705924E444ED4E73EED5447B75E633D5?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/87340/9789241506083_eng.pdf;jsessionid=705924E444ED4E73EED5447B75E633D5?sequence=1
https://doi.org/10.1111/aogs.13892
http://www.ncbi.nlm.nih.gov/pubmed/32358968
https://doi.org/10.1111/ppe.12557
http://www.ncbi.nlm.nih.gov/pubmed/31502306
https://doi.org/10.1371/journal.pone.0250373

