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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
(3.0%2) 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 [2.813.8]), neonatal death (1.9 [1.2+3.1]), neonatal hospitalization (1.2 [1.1+
1.3]), newborn hypothermia (5.9 [5.24+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
effortto reducecoststhrougheconomie®of scaleTheseclosureshavenaturallyincreasedhe
distancebetweerhomeandthe closesmaternityward for womenthroughoutthe country.
However studieshaveshowna positivecorrelationbetweerthis increasen distanceandthe
incidenceof unplannedout-of-maternitydeliverieOMD, alsocalledout-of-hospitaldeliver-
ies),whicharehazardougventdor both motherandchild [1+4]. Becausef their accidental
natureandthefrequentneedfor prompt medicalattention,thereis apotentialrisk of
increasednaternaland neonatamortality and morbidity [5£7].

While the neonatabutcomedor OMD havebeenstudiedatlength,thereisllittle published
dataon adversenaternaloutcomesThefewexistingstudieshavefocusedn smallergeo-
graphicareasandtheresultingcohortswerelimited in their ability to detectrareeventssuch
asmaternaldeath.

In Francein 2016 accordingto datafrom the Frenchnationalstatisticainstitute (Institut
Nationaldela Statistiquest desEtudesEconomiquegINSEE]), lessthan 1%of births occurred
outsideamaternityhospital(mostoftenathome). Theyweremostoften plannedto takeplace
with assistancé'planneddelivery")andonly 0.1%took placewithout anyassistancg3].
Whenamobileemergencygervicewascalled the medicalteamdeliveredthe newbornin a
third of case$9].

Thereforealargerand,if possiblepationwidestudyis neededo providebetterawareness
of the burdenand complicationsassociate@ith OMD.

Our objectivesverei) to estimatethe frequencyof out-of-maternitydeliveriesn France
andidentify the mainrisk factors,ii) to assestheimpactof out-of-maternitydeliverieson
maternalmortality and on neonataimorbidity andmortality.

Materials and methods

Studydesignand setting

We conductedanationwidepopulation-basedtudyof all womenwho gavebirth ator after24
weekf gestatiorfrom 2012to 2014in mainlandFrance.

Selectionof patients

Thestudydatacomprisedall deliveriesrecordedfrom 2012to 2014in the Frenchhospital
databas¢Programmede m&dicalisationdessyst mesd'information [PMSI]). The PMSIcol-
lectsthe dischargeabstract¢DA) from all hospitalsn Franceandis 100%exhaustiveor in-
hospitaldeliveried10]. The dataincludedmaternalage gestationahge(GA), lengthof stay,
andhospitaldeath.Diagnosesind proceduresarecodedaccordingto the International
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Fig 1. Flow chart of study population for the period 2012+204.
https://da.org/10.1371durnal.pon®228785.g0D

Classificatiorof DiseasedCD-10) andto the FrenchClassificatiorof MedicalProcedures
(CCMP).Thegeographiscalausedfor this analysisvasthe geographicodeof residencezip
codesYyecordedn the PMSI.

We studiedall deliveriesn Franceator after24weekof gestationfWG). Theywereidenti-
fied from the ICD-10 codesZ37 (*Outcomeof delivery®)andthe deliveryprocedurecodes.
OMD wereidentifiedwhencodeZ3900(3Careand examinationimmediatelyafterdelivery
out-of-healthhospital®)wasthe main diagnosisn the DA following delivery.Livebornsingle-
ton DAswereidentified from codesZ38.0(8Singleliveborninfant, born in hospital®)and
Z38.1(3Singleliveborninfant, born outsidehospital®)andagein daysequalto zero.

ThePMSldatabasallowsthe linkageof DAs for consecutivénospitalizationandthelink-
ageof mothers'andchildren'sDAs for singletonpregnancythanksto acommonidentifier
usedfor both (Fig 1), in the frameworkof the secureanonymizednformation linkagein use
sinceApril 2012 Our epidemiologidollow-up includedall PMSIdatafrom the beginningof
pregnancyntil 42daysafterdeliveryfor womenandfrom thefirst 28daysfor infants.
Womenwho werehospitalizednorethan 24 hoursbeforedeliverywereidentified from the
time betweerhospitaladmissionanddelivery.
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We excludederminationsof pregnancyfor medicalreasonspPAs without zip code(0.1%)
andDAswith azip codecorrespondingo anoverseaterritory or aforeigncountry,because
thedistancerom hometo the maternityunit could not becalculatedAfter theseexclusions,
our studyretained2,256,79deliveriesand 1,999,453ingletonlive newborns.

Variablesof interest

Individual. Thevariablef interestwerematernalage(<25, 25+39,40 years)prematu-
rity (<37 WG, 37 WG) andhigh-risk pregnancywhenoneof the following ICD-10codes
wasrecordedfor antepartumhospitalizatioror deliveryDA: O10-O16(2Edemaproteinuria
andhypertensivalisordersin pregnancygchildbirth andthe puerperium®),024(®Diabetes
mellitusin pregnancy®)099(®Other maternaldiseaseslassifiablelsewherdut complicating
pregnancygchildbirth andthe puerperium?),Z35 (23Supervisiorof high-risk pregnancy?)and
C00-D48(®Neoplasms?)In our data,placentgoreviaandall other conditionsinfluencing
pregnancyareincludedin the ICD-10 099code.

Socio-residentialenvironment.

We calculatedhe minimum distanceby road betweereachmaternalzip code
andthe nearesmaternityunit.

Basedn Frenchpopulationandhouseholdncome
censuglata,wecalculatedhe averageatesof unemploymentjndustrial workers,immigrants,
peoplewithout ahigh schooldiplomaor with a post-secondargualificationandthe rateof
non-taxablehouseholdgor eactzip code.Thesedatawerecorrelatedand pooledin amaterial
andsocialdeprivationindexaccordingto the bi-dimensionalscaleput forward by Pampalon
[11]. Fivelevelsof materialand socialdeprivationweredefined:levell (the leastmaterially
andsociallydisadvantagegopulationclusters))evel2 (nationalaveragéor eachvariable),
level3 (socialdeprivationonly), level4 (materialdeprivationonly), level5 (socialand material
deprivation,the mostdisadvantagedeographicodes).

We groupedthe zip codesnto threecategorie®f urbanizationand
numberof jobs(usinggeographidataproducedby the Frenchnationalstatisticalinstitute
[INSEE]):1) thelargesuurbanareag 10 000jobs),2) their surroundingareagsuburban
areas)and 3) otherurban,suburbanandrural areas.

Outcomes. We studiedthe main adverseutcomesafteran OMD availablén the PMSI
data:maternalmortality in hospitalor during transport,stillbirth, neonataimortality, neonatal
hospitalizationnewbornhypothermiaand newbornpolycythemia.

Maternaldeathswvereidentified at dischargewith vital statusupon dischargdgrom hospital
or anICD-10 codeO95 (2Obstetricdeathof unspecifieccause®hy womenwho delivered
until 42daysafterdelivery.Thetime of deathwascalculatedrom the dateon which the actof
deliverywasrecorded Stillbirthsand neonataldeathsvereidentified from diagnosis-related
groups,or from thevital statusupondischargdrom hospital.

Neonatahospitalizationwasrecordedwhenthefirst dischargebstracincludedatransfer
to anothernursingunit or from onehospitalto another,acorrespondingpaymentof sur-
chargeratesor adiagnosis-relatedroupcode15M02Z(3Early neonatatransfer ).

Hypothermiaand polycythemiavereidentified on birth DAs from neonatahospitaliza-
tionswith ICD-10 codesP80("Hypothermiaof newborn®),P611(3Polycythemianeona-
torum®) or P583(3Neonataljaundicedueto polycythemia®)respectively.

Statisticalanalysis

Qualitativevariablesvereexpressedspercentageand comparedusingPearson'€hi-
squaredestor Fisher'sexacttest.We useda Somers'destto evaluatdrendsovertheyears.
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Themultivariateanalysesveredoneusingregressionpasecn GeneralizedEstimatingequa-
tions (GEE) with aloglink function and negativebinomial distribution to takeinto account
thedatacorrelations andoverdispersionThetwo contextualariables
(deprivationindexandlevelsof urbanization)weretestedoneby onein theregressiongyut
themodelconvergedetterwith both,accordingto the QIC statistic.

Riskfactorsfor maternalmortality andstillbirth wereanalyzedor all OMD. Adverseneo-
nataloutcomesvereonly analyzedor births beforearrival (BBA). For neonatakdverseut-
comeswe performedtwo sensitivityanalysedy including the 9.6%of DAs for womenwho
couldnot belinked to the DAs of their babiesn the databaseNe usedat first amultiple impu-
tation (MIl) method[12], accordingto the repartition of adverseutcomesdentifiedin
observediata,i.e.usingthe distribution of the observediatato estimatea setof plausibleval-
uesfor the missingdata.Secondlyfor all of the missingnewborng(in andout-of-maternity
born), weconsideredhattherewasno adverseutcome(maximumbias)andweusedthe
information on the covariate®f the mothers'DA. Theresultsof thetwo sensitivityanalyses
arepresentedn S1Table.

StatisticahnalysesvereperformedusingSAS version9.4(SASinstitute Inc., Cary,NC,
USA).Statisticabignificancevasdefinedasa -value <0.05.

DistancesverecalculatedisingCHRONOMAP for MAPINFO softwareand IGN
ROUTES500" digital road network.

Details of ethicsapproval

Thenationalhospitaldatabasavastransmittedby the nationalagencyfor the managementf
hospitalizationrdata(ATIH number2015-111111-47-33)he FrenchCommitteefor Data
Protectionapprovedhis study(CommissionNationaledel'Informatique et desLibertés, reg-
istration number1576793)This studywasconductedn accordancevith the Declarationof
Helsinki. Individual written consentwasnot neededor this study.

Results
Characteristicsof the population

Thecharacteristicef the mothers pregnanciesindnewbornsarepresentedn Table 1. From
2012through 2014 weidentified 2,256, 79deliveriesat or after24WG in mainlandFrance,
from the FrenchhospitaldatabaseMultiple pregnanciesiccountedor 1.61%(36,118)f all
deliveries.

From2012to 2014 6,733(3.0%2) deliveriedook placeout-of-maternity,including unex-
pectedout-of-maternitydeliveriesandhomedeliveriegequiring transferto ahospital.For
thesedeliverieswe counted6,622babiedorn beforearrivaland 111deliverieghat occurred
in ahospitalbut not in amaternityunit, 41 of which occurredin maternityunitsthathad
closedandwerereplacedy antenatakonsultationsentery ,

)

Overthe studyperiod,weidentified asignificantincreasgP < .001)in out-of-maternity
deliveryratesovertime, from 2.8%2 (2012)to 3.1%2 (2014) Antenatalhospitalization
ratesalsoincreased39.9%overall,P < .001)for both short-termhospitalizationg24h>
delivery>48h;32.0%P < .001)andlongerhospitalstayqdeliveries>48hafteradmission;
8.0%P < .001).From2012to 2014 morewomenwereliving in major urbancenterq64.4%
in 2012+65.4% 2014 P < .001) resultingin morewomenliving lesghan 16km from a
maternityunit (73.1%n 2012+74.0% 2014 P < .001) while therateof womenliving at
morethan 30km remainedunchanged4.4%)No womenlived further than 90km away
from amaternityhospital. An analysi®of the socio-residentiaénvironmentshowedhat 9.1%
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