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Abstract

Introduction

In France, many maternity hospitals have been closed as a result of hospital restructuring in

an effort to reduce costs through economies of scale. These closures have naturally

increased the distance between home and the closest maternity ward for women throughout

the country. However, studies have shown a positive correlation between this increase in

distance and the incidence of unplanned out-of-maternity deliveries (OMD). This study was

conducted to estimate the frequency of OMD in France, to identify the main risk factors and

to assess their impact on maternal mortality and neonatal morbidity and mortality.

Materials and methods

We conducted a population-based observational retrospective study using data from 2012

to 2014 obtained from the French hospital discharge database. We included 2,256,797

deliveries and 1,999,453 singleton newborns in mainland France, among which, 6,733

(3.0½) were OMD. The adverse outcomes were maternal mortality in hospital or during

transport, stillbirth, neonatal mortality, neonatal hospitalizations, and newborn hypothermia

and polycythemia. The socio-residential environment was also included in the regression

analysis. Maternal and newborn adverse outcomes associated with OMD were analyzed

with Generalized Estimating Equations regressions.

Results

The distance to the nearest maternity unit was the main factor for OMD. OMD were associ-

ated with maternal death (aRR 6.5 [1.6±26.3]) and all of the neonatal adverse outcomes:

stillbirth (3.3 [2.8±3.8]), neonatal death (1.9 [1.2±3.1]), neonatal hospitalization (1.2 [1.1±

1.3]), newborn hypothermia (5.9 [5.2±6.6]) and newborn polycythemia (4.8 [3.5±6.4]).
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Discussion

In France, OMD increased over the study period. OMD were associated with all the adverse

outcomes studied for mothers and newborns. Caregivers, including emergency teams,

need to be better prepared for the management these at-risk cases. Furthermore, the

increase in adverse outcomes, and the additional generated costs, should be considered

carefully by the relevant authorities before any decisions are made to close or merge exist-

ing maternity units.

Introduction
In France,manymaternityhospitalshavebeenclosedasaresultof hospitalrestructuringin an
effort to reducecoststhrougheconomiesof scale.Theseclosureshavenaturallyincreasedthe
distancebetweenhomeandtheclosestmaternitywardfor womenthroughoutthecountry.
However,studieshaveshownapositivecorrelationbetweenthis increasein distanceandthe
incidenceof unplannedout-of-maternitydeliveries(OMD, alsocalledout-of-hospitaldeliver-
ies),whicharehazardouseventsfor bothmotherandchild [1±4].Becauseof their accidental
natureandthefrequentneedfor prompt medicalattention,thereisapotentialrisk of
increasedmaternalandneonatalmortality andmorbidity [5±7].

While theneonataloutcomesfor OMD havebeenstudiedat length,thereis little published
dataon adversematernaloutcomes.Thefewexistingstudieshavefocusedon smallergeo-
graphicareas,andtheresultingcohortswerelimited in their ability to detectrareeventssuch
asmaternaldeath.

In Francein 2016,accordingto datafrom theFrenchnationalstatisticalinstitute(Institut
NationaldelaStatistiqueetdesEÂtudesEÂconomiques[INSEE]),lessthan1%of birthsoccurred
outsideamaternityhospital(mostoftenathome).Theyweremostoftenplannedto takeplace
with assistance("planneddelivery")andonly 0.1%took placewithout anyassistance[8].
Whenamobileemergencyservicewascalled,themedicalteamdeliveredthenewbornin a
third of cases[9].

Thereforealargerand,if possible,nationwidestudyisneededto providebetterawareness
of theburdenandcomplicationsassociatedwith OMD.

Our objectiveswerei) to estimatethefrequencyof out-of-maternitydeliveriesin France
andidentify themain risk factors,ii) to assesstheimpactof out-of-maternitydeliverieson
maternalmortality andon neonatalmorbidity andmortality.

Materials and methods

Studydesignandsetting
Weconductedanationwidepopulation-basedstudyof all womenwhogavebirth ator after24
weeksof gestationfrom 2012to 2014in mainlandFrance.

Selectionof patients
Thestudydatacomprisedall deliveriesrecordedfrom 2012to 2014in theFrenchhospital
database(ProgrammedemeÂdicalisationdessyst�mesd'information [PMSI]). ThePMSIcol-
lectsthedischargeabstracts(DA) from all hospitalsin Franceandis100%exhaustivefor in-
hospitaldeliveries[10]. Thedataincludedmaternalage,gestationalage(GA), lengthof stay,
andhospitaldeath.Diagnosesandproceduresarecodedaccordingto theInternational
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Classificationof Diseases(ICD-10)andto theFrenchClassificationof MedicalProcedures
(CCMP).Thegeographicscaleusedfor thisanalysiswasthegeographiccodeof residence(zip
codes)recordedin thePMSI.

Westudiedall deliveriesin Franceator after24weeksof gestation(WG). Theywereidenti-
fied from theICD-10codesZ37(ªOutcomeof deliveryº)andthedeliveryprocedurecodes.
OMD wereidentifiedwhencodeZ3900(ªCareandexaminationimmediatelyafterdelivery
out-of-healthhospitalº)wasthemaindiagnosisin theDA followingdelivery.Livebornsingle-
ton DAswereidentifiedfrom codesZ38.0(ªSingleliveborninfant,born in hospitalº)and
Z38.1(ªSingleliveborninfant,born outsidehospitalº)andagein daysequalto zero.

ThePMSIdatabaseallowsthelinkageof DAsfor consecutivehospitalizationsandthelink-
ageof mothers'andchildren'sDAsfor singletonpregnancythanksto acommonidentifier
usedfor both (Fig 1), in theframeworkof thesecureanonymizedinformation linkagein use
sinceApril 2012.Our epidemiologicfollow-up includedall PMSIdatafrom thebeginningof
pregnancyuntil 42daysafterdeliveryfor womenandfrom thefirst 28daysfor infants.
Womenwhowerehospitalizedmorethan24hoursbeforedeliverywereidentifiedfrom the
time betweenhospitaladmissionanddelivery.

Fig 1. Flow chart of studypopulation for the period 2012±2014.

https://doi.org/10.1371/journal.pone.0228785.g001
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Weexcludedterminationsof pregnancyfor medicalreasons,DAswithout zip code(0.1%)
andDAswith azip codecorrespondingto anoverseasterritory or aforeigncountry,because
thedistancefrom hometo thematernityunit couldnot becalculated.After theseexclusions,
our studyretained2,256,797deliveriesand1,999,453singletonlivenewborns.

Variablesof interest
Individual. Thevariablesof interestwerematernalage(<25, 25±39,�40 years),prematu-

rity (<37 WG, �37 WG) andhigh-riskpregnancywhenoneof thefollowing ICD-10codes
wasrecordedfor antepartumhospitalizationor deliveryDA: O10-O16(ªEdema,proteinuria
andhypertensivedisordersin pregnancy,childbirth andthepuerperiumº),O24(ªDiabetes
mellitusin pregnancyª),O99(ªOther maternaldiseasesclassifiableelsewherebut complicating
pregnancy,childbirth andthepuerperiumª),Z35(ªSupervisionof high-riskpregnancyª),and
C00-D48(ªNeoplasmsª).In our data,placentapreviaandall otherconditionsinfluencing
pregnancyareincludedin theICD-10O99code.

Socio-residentialenvironment. �������� 	��
��� ��� ������� ��� ��� ��� ������
��������� 
���. Wecalculatedtheminimum distancebyroadbetweeneachmaternalzip code
andthenearestmaternityunit.

�������� ��� ����� ���������� �����. Basedon Frenchpopulationandhouseholdincome
censusdata,wecalculatedtheaverageratesof unemployment,industrialworkers,immigrants,
peoplewithout ahighschooldiplomaor with apost-secondaryqualificationandtherateof
non-taxablehouseholdsfor eachzip code.Thesedatawerecorrelatedandpooledin amaterial
andsocialdeprivationindexaccordingto thebi-dimensionalscaleput forwardbyPampalon
[11]. Fivelevelsof materialandsocialdeprivationweredefined:level1 (theleastmaterially
andsociallydisadvantagedpopulationclusters),level2 (nationalaveragefor eachvariable),
level3 (socialdeprivationonly), level4 (materialdeprivationonly), level5 (socialandmaterial
deprivation,themostdisadvantagedgeographiccodes).

������ � ��	��������. Wegroupedthezip codesinto threecategoriesof urbanizationand
numberof jobs(usinggeographicdataproducedby theFrenchnationalstatisticalinstitute
[INSEE]):1) thelargesturbanareas(�10 000jobs),2) their surroundingareas(suburban
areas),and3) otherurban,suburbanandrural areas.

Outcomes. WestudiedthemainadverseoutcomesafteranOMD availablein thePMSI
data:maternalmortality in hospitalor during transport,stillbirth, neonatalmortality,neonatal
hospitalization,newbornhypothermiaandnewbornpolycythemia.

Maternaldeathswereidentifiedatdischargewith vital statusupondischargefrom hospital
or anICD-10codeO95(ªObstetricdeathof unspecifiedcauseº)bywomenwhodelivered
until 42daysafterdelivery.Thetime of deathwascalculatedfrom thedateon whichtheactof
deliverywasrecorded.Stillbirthsandneonataldeathswereidentifiedfrom diagnosis-related
groups,or from thevital statusupondischargefrom hospital.

Neonatalhospitalizationwasrecordedwhenthefirst dischargeabstractincludedatransfer
to anothernursingunit or from onehospitalto another,acorrespondingpaymentof sur-
chargerates,or adiagnosis-relatedgroupcode15M02Z(ªEarlyneonataltransfer�).

Hypothermiaandpolycythemiawereidentifiedon birth DAsfrom neonatalhospitaliza-
tionswith ICD-10codesP80("Hypothermiaof newbornº),P611(ªPolycythemianeona-
torumº) or P583(ªNeonataljaundicedueto polycythemiaº),respectively.

Statisticalanalysis
QualitativevariableswereexpressedaspercentagesandcomparedusingPearson'sChi-
squaredtestor Fisher'sexacttest.WeusedaSomers'dtestto evaluatetrendsovertheyears.

Out-of-maternity deliveries in France
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Themultivariateanalysesweredoneusingregressionsbasedon GeneralizedEstimatingEqua-
tions(GEEs) with alog link function andnegativebinomialdistribution to takeinto account
thedatacorrelations���� ���� ��� ������ andoverdispersion.Thetwo contextualvariables
(deprivationindexandlevelsof urbanization)weretestedonebyonein theregressions,but
themodelconvergedbetterwith both,accordingto theQIC statistic.

Riskfactorsfor maternalmortality andstillbirth wereanalyzedfor all OMD. Adverseneo-
nataloutcomeswereonly analyzedfor birthsbeforearrival(BBA).Forneonataladverseout-
comes,weperformedtwo sensitivityanalysesby including the9.6%of DAsfor womenwho
couldnot belinked to theDAsof their babiesin thedatabase.Weusedat first amultiple impu-
tation (MI) method[12], accordingto therepartitionof adverseoutcomesidentifiedin
observeddata,i.e.usingthedistribution of theobserveddatato estimateasetof plausibleval-
uesfor themissingdata.Secondly,for all of themissingnewborns(in andout-of-maternity
born),weconsideredthat therewasno adverseoutcome(maximumbias)andweusedthe
information on thecovariatesof themothers'DA. Theresultsof thetwo sensitivityanalyses
arepresentedin S1Table.

StatisticalanalyseswereperformedusingSAS1 version9.4(SASinstituteInc.,Cary,NC,
USA).Statisticalsignificancewasdefinedasa�-value <0.05.

DistanceswerecalculatedusingCHRONOMAP� for MAPINFO� softwareandIGN
ROUTE5001 digital roadnetwork.

Detailsof ethicsapproval
Thenationalhospitaldatabasewastransmittedby thenationalagencyfor themanagementof
hospitalizationdata(ATIH number2015-111111-47-33).TheFrenchCommitteefor Data
Protectionapprovedthisstudy(CommissionNationaledel'InformatiqueetdesLiberteÂs,reg-
istrationnumber1576793).Thisstudywasconductedin accordancewith theDeclarationof
Helsinki.Individual written consentwasnot neededfor thisstudy.

Results

Characteristicsof the population
Thecharacteristicsof themothers,pregnanciesandnewbornsarepresentedin Table1.From
2012through2014,weidentified2,256,797deliveriesator after24WG in mainlandFrance,
from theFrenchhospitaldatabase.Multiple pregnanciesaccountedfor 1.61%(36,118)of all
deliveries.

From2012to 2014,6,733(3.0½) deliveriestook placeout-of-maternity,includingunex-
pectedout-of-maternitydeliveriesandhomedeliveriesrequiringtransferto ahospital.For
thesedeliveries,wecounted6,622babiesborn beforearrivaland111deliveriesthatoccurred
in ahospitalbut not in amaternityunit, 41of whichoccurredin maternityunits thathad
closedandwerereplacedbyantenatalconsultationscenters(������ � ������� �� ������� ,
���).

Overthestudyperiod,weidentifiedasignificantincrease(P< .001)in out-of-maternity
deliveryratesovertime, from 2.8½ (2012)to 3.1½ (2014).Antenatalhospitalization
ratesalsoincreased(39.9%overall,P< .001),for bothshort-termhospitalizations(24h>
delivery>48h;32.0%,P< .001)andlongerhospitalstays(deliveries>48hafteradmission;
8.0%,P< .001).From2012to 2014,morewomenwereliving in majorurbancenters(64.4%
in 2012±65.4%in 2014,P< .001),resultingin morewomenliving lessthan16km from a
maternityunit (73.1%in 2012±74.0%in 2014,P< .001),while therateof womenliving at
morethan30km remainedunchanged(4.4%).No womenlivedfurther than90km away
from amaternityhospital.An analysisof thesocio-residentialenvironmentshowedthat9.1%
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