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Abstract

Background

Midwifery continuity of care is the only health system intervention shown to reduce preterm

birth (PTB) and improve perinatal survival, but no trial evidence exists for women with identi-

fied risk factors for PTB. We aimed to assess feasibility, fidelity, and clinical outcomes of a

model of midwifery continuity of care linked with a specialist obstetric clinic for women con-

sidered at increased risk for PTB.

Methods and findings

We conducted a hybrid implementation±effectiveness, randomised, controlled, unblinded,

parallel-group pilot trial at an inner-city maternity service in London (UK), in which pregnant

women identified at increased risk of PTB were randomly assigned (1:1) to either midwifery

continuity of antenatal, intrapartum, and postnatal care (Pilot study Of midwifery Practice in

Preterm birth Including women's Experiences [POPPIE] group) or standard care group

(maternity care by different midwives working in designated clinical areas). Pregnant

women attending for antenatal care at less than 24 weeks' gestation were eligible if they ful-

filled one or more of the following criteria: previous cervical surgery, cerclage, premature

rupture of membranes, PTB, or late miscarriage; previous short cervix or short cervix this

pregnancy; or uterine abnormality and/or current smoker of tobacco. Feasibility outcomes

included eligibility, recruitment and attrition rates, and fidelity of the model. The primary out-

come was a composite of appropriate and timely interventions for the prevention and/or
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management of preterm labour and birth. We analysed by intention to treat. Between 9 May

2017 and 30 September 2018, 334 women were recruited; 169 women were allocated to the

POPPIE group and 165 to the standard group. Mean maternal age was 31 years; 32% of the

women were from Black, Asian, and ethnic minority groups; 70% were in employment; and

46% had a university degree. Nearly 70% of women lived in areas of social deprivation. More

than a quarter of women had at least one pre-existing medical condition and multiple risk

factors for PTB. More than 75% of antenatal and postnatal visits were provided by a named/

partner midwife, and a midwife from the POPPIE team was present at 80% of births. The inci-

dence of the primary composite outcome showed no statistically significant difference

between groups (POPPIE group 83.3% versus standard group 84.7%; risk ratio 0.98 [95%

confidence interval (CI) 0.90 to 1.08]; p = 0.742). Infants in the POPPIE group were signifi-

cantly more likely to have skin-to-skin contact after birth, to have it for a longer time, and to

breastfeed immediately after birth and at hospital discharge. There were no differences in

other secondary outcomes. The number of serious adverse events was similar in both groups

and unrelated to the intervention (POPPIE group 6 versus standard group 5). Limitations of

this study included the limited power and the nonmasking of group allocation; however, study

assignment was masked to the statistician and researchers who analysed the data.

Conclusions

In this study, we found that it is feasible to set up and achieve fidelity of a model of midwifery

continuity of care linked with specialist obstetric care for women at increased risk of PTB in an

inner-city maternity service in London (UK), but there is no impact on most outcomes for this

population group. Larger appropriately powered trials are needed, including in other settings, to

evaluate the impact of relational continuity and hypothesised mechanisms of effect based on

increased trust and engagement, improved care coordination, and earlier referral on disadvan-

taged communities, including women with complex social factors and social vulnerability.

Trial registration

We prospectively registered the pilot trial on the UK Clinical Research Network Portfolio

Database (ID number: 31951, 24 April 2017). We registered the trial on the International

Standard Randomised Controlled Trial Number (ISRCTN) (Number: 37733900, 21 August

2017) and before trial recruitment was completed (30 September 2018) when informed that

prospective registration for a pilot trial was also required in a primary clinical trial registry rec-

ognised by WHO and the International Committee of Medical Journal Editors (ICMJE). The

protocol as registered and published has remained unchanged, and the analysis conforms

to the original plan.

Author summary

Why was this study done?

· Modelsof midwiferycontinuity of caremodelsarerecommendedin internationalguid-
anceandat theheartof maternitypolicyin theUnited Kingdom,wherethereisa

POPPIE pilot trial
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recommendationto scaleup continuity modelson thegroundsof improvinghigh-qual-
ity andsafematernitycare.

· Thesemodels,in whichthesamemidwifeor teamof midwivesprovidecareduring
pregnancy,birth, andtheearlyparentingperiod,aretheonly healthsystemintervention
shownto reducebothpretermbirth andimproveperinatalsurvivalamongwomenat
low andmixedrisk of complications.However,no trial evidenceexistsfor womenwith
identifiedrisk factorsfor pretermbirth.

What did the researchers do and find?

· Wedid ahybrid randomisedcontrolledpilot trial to assessimplementationprocess
measuresandclinicaloutcomesof amodelof continuity of midwiferycarewith access
to aspecialistobstetricclinic for womenconsideredto beat increasedrisk for preterm
birth.

· Wefound it is feasibleto setup andmaintainfidelity to thismodelof carein aUK
inner-city maternityservicein London.Therewasno differencein mostclinicalout-
comes,althoughthesemaynot havebeensufficientlypowered.

What do these findings mean?

· Althoughthis isapilot trial, thelackof trend for mostoutcomesindicatesthat for this
populationof womenat increasedrisk of pretermbirth, thismodelof caredoesnot
showpromiseof impactto justify alargertrial with theseoutcomesin thispopulation.

· Furtherresearchshouldinvestigate,including in othersettings,whetherhypothesised
mechanismsbasedon increasedtrust andengagement,improvedcarecoordinationand
earlierreferral,andcontinuity of midwifecarecanimpactdisadvantagedcommunities,
includingwomenwith complexsocialfactorsandsocialvulnerabilityfor whichthereis
little evidence.

Introduction
Pretermbirth (PTB)isdefinedasanybirth thatoccursbefore37completedweeks'gestation[1].
Onein 10babiesworldwideareborn earlyeveryyear,andoveramillion diefrom complications
associatedwith their prematurity[2]. Manyof thosewhodosurviveareparticularlyvulnerableto
significantdisabilitiesandhealthproblemsthroughouttheir lives(e.g.,learningdisabilities,hear-
ing andvisualimpairments,chroniclungdisease),whichresultsin amajorburdenfor families,
societies,andhealthcaresystems[3]. Manyeffortshavebeentakento reducetheprevalenceof
PTB,improveclinicalmanagement,anddecreaseneonatalmorbidity andmortality,but early
birthscontinueto risein mostcountrieswherereliabledataareavailable[4].

Nearlytwo-thirdsof PTBsareclassifiedasspontaneous,dueto spontaneousonsetof labour
or pretermprelabourruptureof membranes(PPROM),with theremainderclassifiedasiatro-
genicor provider-initiated(earlyinduction or cesareansectionfor afetalor maternalreasons)
[5]. A widerangeof sociodemographic,biological,nutritional, psychological,andenviron-
mentalfactorshavebeenassociatedwith spontaneousPTB,andits complexandmultifactorial
naturechallengestheunderstandingof thecausalpathwaysleadingto PTB[5±6].This

POPPIE pilot trial
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consequentlylimits thedevelopmentandimplementationof appropriateclinical interventions
andpublichealthpreventionstrategies,includingspecificmaternitycarepackagesdesignedto
addressprematurity.

A recentCochranereviewfound thatmodelsof midwiferycontinuity of carefor childbear-
ing womenweretheonly healthserviceandsysteminterventionassociatedwith bothareduc-
tion in PTBsandimprovementsin perinatalsurvival[7]. Womenwhoreceivedthesecare
modelswere,on average,24%lesslikely to haveaPTBand19%lesslikely to losetheir babies
before24weeks'gestation[8]. Thesemodelsinvolvetheplanning,organisation,anddelivery
of comprehensivematernitycareby1 namedmidwifeor asmallteamof midwivesgivento a
womanduring herpregnancy,birth, andearlyparentingperiods.Midwiveswork in partner-
shipwith thewomanandaretheprimary professionalsresponsiblefor theassessmentof
needs,careplanning,referralto otherprofessionals,andensuringthecoordinationof services
[8]. However,modelsof carearecomplexinterventionsandrequiretheoreticalmodellingof
therelationshipsbetweenprocessesandoutcomes.It isunclearwhetherthepathwayof influ-
encethatproducestheseoutcomesin alow-risk or geographicalpopulationof womenwould
havethesameimpactin womenwhohaveobstetricrisk factors.Furtherresearchis required
to understandtheimpactandthemechanismsbywhichcontinuity modelsmight improve
outcomesfor womenwhoareathigherrisk of PTB[7,8].

Thereisagrowingconsensusthatmidwiferycontributessignificantlyto high-quality
maternalandneonatalcare[9]. In theUnited Kingdom(UK) andAustralia,modelsof mid-
wiferycontinuity of careareat theheartof maternitypolicy,andthereisacommonrecom-
mendationto scaleup continuity modelsasthebasisof improvingqualityandsafetyin
maternitycare[10,11].ThelatestWHO antenatalandintrapartumcareguidelinesfor aposi-
tivepregnancyandchildbirth experiencerecommendmidwiferycontinuity of caremodelsfor
pregnantwomenin settingswith well-functioningmidwiferyprogrammes[12,13].However,
keychallengesarehowto implementandscaleup thesemodels,whattheimportant coreele-
mentsare,andwhatcanbeadaptedto contextto achievethebeneficialoutcomesfor different
populationsof womenandbabiesin asustainablewayin termsof whole-systemimpact,cost±
benefit,andworkforce[14].

Previousresearchhasprovidedabasisto develop,implement,andtesttheimpactof a
novelcarepathwayfor womenat increasedrisk of PTBthatcombinesmidwiferycontinuity of
carethroughouttheantenatal,intrapartum,andpostnatalcontinuumlinkedwith aspecialist
obstetricclinic [15,16].Theprimary aimof POPPIE(Pilot studyOf midwiferyPracticein Pre-
term birth Including women'sExperiences)wasto determinewhetherthismodelof carewas
feasibleandcouldimproveacompositeoutcomeof timely interventionsprovidedfor thepre-
ventionand/ormanagementof pretermlabourandbirth. Wehypothesisedthat initiation of
treatmentswouldoccurearlieror atamoreappropriatetime in theinterventiongroup
becausethePOPPIEmodelwould improvequalityof carebyprovidingatrustedsafetynet,
with midwivesminding thegapwith bettercarecoordinationandreferralthat improvesin-
serviceaccess[17], bymoderatingtheeffectsof women'sstresson thehealthof themother
throughthetrust andconfidencethat relationalcontinuity andadvocacyengenders[18], and
byproviding timelyandsafercareleadingto moreopportunitiesfor earlypreventionand
diagnosisof complicationsto facilitatemanagementandintervention[17,19].

Methods

Studydesignandparticipants
POPPIEwasahybrid implementation±effectiveness,randomised,controlled,unblinded,par-
allel-grouppilot trial undertakenataninner-city maternityservicein London(UK). Nearlya

POPPIE pilot trial
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third of thelocalpopulationwerefrom Black,AsianandMinority Ethnic(BAME) groups;
overall,thecommunityhadhigh levelsof socialdeprivationandhigh levelsof PTB(localaver-
age8.2%versusnational7.2%)[20]. A type2hybrid designwasthemostappropriateto use
for evaluation,with equalfocuson theeffectivenessandtheimplementationof theinterven-
tion [21]. Thisstudyis reportedaspertheCONsolidatedStandardsof ReportingTrials(CON-
SORT)(S1CONSORTChecklist).Therewereno substantialchangesto thepublishedstudy
design[22] aftercommencementof thetrial.

Asymptomaticpregnantwomenattendingfor antenatalcareat lessthan24weeks'gestation
andresidingin thehospitalcatchmentareaduring thestudyperiodwereeligibleif theyful-
filled 1 or moreof thefollowingcriteria:previouscervicalsurgery(suchasconebiopsy,loop
diathermy),cerclage,prematureruptureof membranesand/orpretermbirth (<37 weeks),
latemiscarriage(>14 weeks),shortcervixin apreviousor in thecurrentpregnancy(<25
mm), uterineabnormality(suchasbicornuateuterus),and/oracurrentsmokerof tobacco,as
identifiedat first antenatalappointment.Womenagedlessthan18yearsat recruitment,those
with amultiple pregnancy,or thosealreadyreceivingcarefrom aspecialistmidwifery team
(e.g.,womenwith severementalillness,alcohol,andsubstancemisuse)wereexcluded.Preg-
nantwomenwererecruitedto thestudybyresearchassistantsandmidwivesat their antenatal
or ultrasoundscanappointment.

Regulatoryandethicalapprovalswereobtainedfrom theHealthResearchAuthority and
theLondonSouthEastNationalHealthService(NHS)ResearchEthicsCommittee(RECRef
17/LO/0029;ID 214196).Informedwritten consentwasprovidedbyall trial participants.

Randomisationandmasking
Eligiblepregnantwomenattendingfor antenatalcareat thehospitalduring therecruitment
periodwereprovidedwith information aboutthestudy.Thoseexpressinganinterestwere
referredto thePOPPIEmidwifery teamleaderto discusstrial participation.Somewomen
werecontacteddirectlyby their clinicalcareteamto discusseligibility andstudyparticipation
andreceivedaleafletbypostand/oremailbeforetheir appointmentattendance.At thefirst
face-to-facevisit or antenatalor ultrasoundscanappointment,womenwereinvited to partici-
patein thestudy.Thosewhoagreedprovidedwritten informedconsentandwererandomly
assignedin a1:1ratio viaasecurecomputerisedrandomisationsystem(MedSciNet).A mini-
misationalgorithmwith arandomelementwasusedto ensurebalancebetweenthegroups
regardingpreviousPTBandsmokingatbooking.Thenatureof theinterventionwassuchthat
blinding of participantsandclinicianscouldnot beachieved.However,studyassignmentwas
maskedto thestatisticianandtheresearcherswhoanalysedthedata.

Interventions
Table1 describesthecharacteristicsof thePOPPIEgroupandstandardgroup.Womenallo-
catedto thePOPPIEgroupreceivedcontinuity of antenatal,labour,birth, andpostnatalcare
in thehospital,community,or athome,predominantlyfrom anamed(or primary) midwife,
whoworkedwithin asmallteam,knownasthePOPPIEteam.Eachnamedmidwifewas
backedup,whennecessary,byapartnermidwifeandotherteamcolleaguesandduring inpa-
tient stayin theantenataland/orpostnatalperiodsbyhospitalstaff.ThePOPPIEteamcom-
prised6 whole-timeequivalentmidwives,includinganexperiencedseniormidwife,wholed
theteam.Followingatraining needsassessmentby theteamleader,midwivesreceivedspecial-
ist training in preventionandmanagementof PTB(aninformation packageandapractical
sessionatawell-establishedpretermsurveillanceservice),careof preterminfants,bereave-
mentcare,andworking in continuity models.

POPPIE pilot trial
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Eachmidwifewasemployedon anannualsalaryto work aflexiblecycleof 162hoursper
month andto providecontinuity of careto 35birthsperyear(excepttheteamleader,who
caredfor 24).Flexibilityandautonomyenabledmidwivesto self-managetheir workloads,and
protectedtime ensuredcontinuity andresponseto theneedsof womenin their carewhilst
beingequitableandfair to all teammembers.Oneor moremidwiveswereon callout of hours
twiceweeklyfor labourandbirth care.Whenpossible,thiswaseachwoman'snamedandpart-
nermidwives,exceptin casesof sickleave,annualleave,caringfor anotherwomanin labour,
or whenbothnamedandpartnermidwiveshadcompletedtheir on-callallocation.When
appropriate,womenwereencouragedto contacttheir namedor partnermidwife for labour
assessmentathomeratherthanattendingthehospitallabourward.Theteamalsoranmonthly
antenatalgroupsfor peersupportandto enablewomento meetall membersof theteam.A
designatedphonenumberwasavailablefor womento contacttheon-callmidwife thatwomen
couldcontact24/7for urgentqueries.Weeklyteammeetingswerescheduledto discussorga-
nisationalmatters,for casediscussions,andfor reflection.

POPPIEmidwivesprovidedcontinuity of carein amultidisciplinarynetworkof support.
Someantenatal,intrapartum,and/orpostpartumcarewasprovidedin consultationwith medical
staff(e.g.,generalpractitioners,haematologists,anaesthetists)andotherservicesandprofession-
als,asappropriateandguidedby localprotocols(e.g.,physiotherapists,mentalhealthspecialists,
interpreters,socialservices).ThePOPPIEteamwashospital-basedandhadrapidaccessto a
seniorconsultantobstetricianwith expertisein PTB,whowasallocatedto theteamto enhance
clinicalconsultationandreferralprocesses.In additionto providingcarethroughoutpregnancy,

Table1. Featuresof the POPPIEandstandardgroup.

POPPIEGroup StandardGroup

Self-managementversusrostered
shifts

Midwivesareemployedon anannualsalaryto work own
patternswith self-rosteringto coveracaseloadof 35pregnant
womenayearandbeon call2±3timesperweek.

Midwivesareemployedon anannualsalaryto providea
rosteredserviceacrossthematernityservicescoveringearly
andlongdaysandnight shifts.

Relationalcontinuity of care
versusfragmented care

Womenreceivecontinuity of careduring theantenatal,labour,
birth, andpostnatalcontinuumin thecommunity,home,and
hospital,predominantly from anamedmidwifeandherpartner
midwife (backedup by ateamof 7 midwives).

Midwivesworking in designatedclinicalareas(e.g.,community
andhospitalantenatalandpostnatalclinics,labourward,
postnatalward)provideantenatal,intrapartum, andpostnatal
care.

Personalisedantenatalvisitsand
supportversusclinicsandgroup
support

Antenatalvisitsareflexibleandtailoredto thewoman'sneedsin
thecommunity, home,or hospital.Monthly groupsessionsare
organisedfor womento meetall membersof thePOPPIEteam,
whoalsoprovideantenataleducationclasses.

Womenattendroutinecommunityandhospitalantenatal
clinics.Antenatal education classesarescheduledmonthly and
providedby rosteredcommunitymidwives.

Coordinationof careandreferrals
versusstandardconsultation and
referral

Thenamedmidwife is supportedby teamsof specialistsandrefer
womanto others(e.g.,medicalstaff,mentalhealth)guidedby
clinicalneedandlocalguidelines.Midwiveshadalinked
obstetricianwith expertisein PTBtheycouldcontactdirectlyto
discussanyclinicalconcerns,queries, or referrals.

Midwivesalsohaveaccessto localguidelinesfor consultation
andreferralif needed.Theyhavealinkedobstetrician, but they
might needto contacton-callmedicalstaffor colleaguesat
otherservicesto discussanyclinicalconcernsor makereferrals.

Specialistobstetricclinic Womenidentifiedat risk of PTBwereseenby medicalstaffin earlypregnancyandthenfollowedup asnecessary from 14to 24
weeks'gestationin thecervicalscanclinic. Dependingon individual risk,eachwomanwasofferedadditional testswith follow-ups
in theclinic up to 30weeks'gestation.

Assessment of labourbefore
admissionversusafteradmission

Womencontacttheir namedmidwife (or backup midwife) to
discusstheprogressof their labourbeforeadmission to labour
wardor birth centreand/orbeofferedalabourassessment at
homeif appropriate.

Womencontactrosteredmidwiferystaffat thebirth centreor
labourwardat theonsetof contractionsbeforearriving at the
hospital,with no optionsfor homelabourassessments.

Personalisedpostnatalvisits
versusclinics

Womenandbabiesarevisitedpostnatallyby their namedor
partnermidwifemainlyathome(alsoathospitaland
community)for up to 28daysif required.Oneor more
additionalhomevisitsmaybeofferedonceababyis discharged
from theneonatal unit.

Womenreceivepostnatalcareby rosteredmidwivesworking in
hospitalandcommunity postnatalclinics(ahomevisit is often
offered)for up to 28daysif required.Womenarefollowedup
with ahomevisit onceababyis dischargedfrom theneonatal
unit.

Abbreviations:POPPIE,Pilot studyOf midwiferyPracticein Pretermbirth Including women'sExperiences; PTB,pretermbirth.

https://doi.org/10.1371/journal.pmed.1003350.t001
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labour,andbirth, thenamedmidwife(or partnermidwife if thenamedmidwifewasunavailable)
coordinatedthepostnatalcare,visitingthemotherandbabyin hospitaland/orathomeandpro-
viding careandadviceuntil dischargein accordancewith localguidelines.Whenappropriate,
womenwereencouragedto return homeassoonaspossibleafterbirth. All clinicalmidwifery
contentwasprovidedaccordingto theNursingandMidwifery Council(NMC) RulesandCode
of Conductfor Midwivesandexistinghospitalguidelinesandprotocols.

Womanallocatedto thecontrol groupreceivedstandardmaternitycarein line with usual
practiceat thestudysite,acrosstheantenatal,labour,birth, andpostnatalperiods.Thekeydif-
ferencebetweenthePOPPIEandstandardgroupwasthatwomenreceivingstandardcaredid
not receiveplannedcontinuity of midwiferycarealongthechildbearingcontinuum,and
manywomencouldpotentiallyseeadifferentmidwife for everyvisit.Antenatalcarewaspro-
videdbydifferentmidwivesworking in thecommunity,children'scentres,and/orhospital.
Someantenatal,intrapartum,and/orpostpartumcarewasprovidedin consultationwith hos-
pital medicalstaffasappropriate.Rosteredmidwiferyandmedicalstaffprovidedlabourand
birth carein thelabourwardand/orbirthing centreandpostnatalcarein thepostnatalward.
Womenwerealsoofferedmidwiferyvisitsathomeandin communitypostnatalclinicsfollow-
ing dischargefrom hospital.Midwivesin thestandardgrouphavealinkedobstetrician,but
not necessarilyonewhospecialisedin PTB.Midwivesdid not work directlywith them,relying
on contactingon-calldoctorsandstaffin otherservicesto discussanyclinicalconcerns,issues,
or queriesor to makereferrals.

In accordancewith thehospitalguidelines,womenin bothPOPPIEandstandardgroups
identifiedasbeingat increasedrisk of PTBfollowedthesameobstetriccarepathway.They
wereseenbymedicalstaffassoonaspossibleaftertheir ultrasoundscanat11±14weeks'gesta-
tion to discussanindividual careplanbasedon their obstetricandmedicalhistory.Women
with specificrisk factors(e.g.,previousPTB,latemiscarriage)werethenfollowedup weeklyor
every2 weeks,asconsiderednecessary,from 14to 24weeks'gestationin thecervicalscan
clinic. In thisclinic, dependingon individual risk,womenwereofferedadditionaltests(e.g.,a
transvaginalcervicallengthscan,aurine testand/oravaginalswab,afetalfibronectintest)
andotherpreterminterventions(e.g.,cervicalcerclage,antibiotics,progesterone,steroids)
accordingto hospitalpretermsurveillanceguidelines,with multidisciplinaryfollow-up
appointmentsup to 30weeks'gestation.If emergencycarewasrequiredin hospital,it waspro-
videdby therosteredmedicalstafffollowinghospitalprotocols.

Outcomemeasures
Thefeasibilityoutcomesincludedeligibility, recruitmentandattrition rates,andfidelity of the
model(proportion of womenwith thenamed,partner,or knownmidwifeattendingthebirth;
proportion andmeannumberof visitsprovidedby thenamed,partner,or knownmidwife
during theantenatalandpostnatalperiod).Thecompositeprimary outcomecomprisedthe
initiation andappropriatetiming of anyof thefollowing interventionsprovidedfor thepre-
ventionand/ormanagementof potentialpretermlabourandbirth. Theseincludeantibiotics
for suspected/confirmedurinary tract infections,transvaginalscanassessmentsof thecervix,
fetalfibronectinassessments,cerclageinsertion,progesteroneadministration,corticosteroid
administration,magnesiumsulphateadministration,admissionfor observation,in utero
transfer,andsmokingcessationanddomesticviolencereferrals.

Asperhospitalandnationalguidelines,at thetime of thetrial, antibioticsshouldbepre-
scribedfor pregnantwomenassoonasaurinary tract infectionissuspectedor confirmed
[23]; cervicalsurveillancethroughatransvaginalscanis recommendedbefore24weeks'gesta-
tion for womenwith previousPTBs,latemiscarriages,cervicalsurgery,uterineabnormalities,
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or shortcervix[24,25];fetalfibronectintestingshouldbeconsideredto determinelikelihood
of deliveryin high-riskasymptomaticwomen(e.g.,shortcervix)from asearlyas22weeks'ges-
tation [25]; prophylacticvaginalprogesteroneshouldbeofferedbetween16and34weeksof
pregnancyto womenwith ashortcervixandno previousPTBor latemiscarriage;andprophy-
lacticcervicalcerclageshouldbeconsideredfor womenwith shortcervixwith previous
PPROMor cervicaltrauma[24,25].Eitherprophylacticvaginalprogesteroneor prophylactic
cervicalcerclageshouldbeofferedto womenwhohavebothashortenedcervixandaprevious
PTBor latemiscarriage[25].

Maternalcorticosteroidadministrationfor fetallungmaturationshouldbeofferedto all
womenbetween24to 34weeks'gestationwhoareat risk of PTBwithin 2 to 7 days(andto be
consideredin thosewhoare23andbetween34to 35weeks)[24,25].Magnesiumsulphate
administrationfor fetalneuroprotectionshouldbeofferedto womenbetween24and30weeks
whoareat risk of PTBwithin zeroto 2days(to beconsideredin thosewomenwhoare23and
between30to 33weeks)[24,25].Hospitaladmissionfor observationis recommendedfor
womenwith threatenedpretermlabour,andin uterotransferto ahigher-levelneonatalunit in
atertiaryhospitalshouldbeconsideredfor womenin threatenedpretermlabourwhoareless
than28weeks'gestation[24]. Referralsto smokingcessationor domesticviolenceservicesare
recommendedfor womenwhodisclosesmokingor genderviolenceor abuseatanypoint dur-
ing engagementwith maternityservices[25,26].

Secondarymaternaloutcomesincludedpregnancycomplications(pre-eclampsia,obstetric
cholestasis,gestationaldiabetes,PPROM,placentaabruption,polyhydramnios,oligohydram-
nios,chorioamnionitis,antepartumhaemorrhage,pulmonaryembolism,andmaternalmor-
bidity andmortality), spontaneousonsetof labour,induction or augmentationof labour,
regionalanalgesia(epidural/spinal),opiateanalgesia,no intrapartumanalgesia/anaesthesia,
gestationatbirth, spontaneousvaginalbirth, assistedvaginalbirth (forceps/vacuum),cesarean
birth, vaginalbreech,vaginalbirth aftercesareansection(VBAC),perinealstatusafterbirth,
bloodloss,placeof birth, intrapartumtransfers,andadmissionto higherlevelsof caresuchas
intensivecareunit (ICU) or highdependencyunit (HDU). Secondaryneonataloutcomes
includedgestationalages(weeks)andbirth weights(g) of infants,Apgarscoreat5 mins less
thanor equalto 7,delayedcordclamping,skin-to-skincontactandduration,breastfeeding
initiation immediatelyafterbirth andathospitaldischarge,perinatalmortality,admissionto
specialcarenursery/neonatalICU, principal indicationfor admission,meanlengthof neonatal
hospitalstaysin eachcategoryof care(days),andtransferof infant to atertiarycentre.The
researchteamundertookstandardassessmentof safety,with reportingof seriousadverse
eventsfollowing localgovernanceprocedures.

Statisticalanalysis
Thiswasapilot trial designedto inform theadvisabilityof alargermulticentretrial of mid-
wiferycontinuity of careaimedat reducingtheincidenceof PTB,assumingthat thepilot trial
showedthat thecaremodelwasfeasibleandmanagementof PTB,pregnancyoutcomes,wom-
en'sexperiences,andqualityof carecouldbeimproved.Althoughtherewereno pre-existing
precisedatafor thecompositeoutcome,aretrospectivepowercalculationshowedthat the
samplesizehad80%powerto detecta15%increasein therateof appropriateinterventions
(from 40%to 55%)whichwasconsideredboth feasibleandclinicallyuseful.Thisprimary out-
comeratewasestimatedfrom therecordsof anestablishedfor overadecadeatanational
referralpretermclinic (personalcommunication,A. H. Shennan,2016).

Thestatisticalanalysiswasconductedby`intentionto treat',includingwithdrawalsand
lossesto follow-up.Randomisation(including minimisation)andadjustmentsusinglogistic
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regressionfor important measurementsassociatedwith PTB(ethnicity,parity,education,
indexof multiple deprivation,andobstetricrisk) weremadeto ensurebothgroupsweresimi-
lar or equivalentin their baselinecharacteristics.Therelativerisks(with 95%confidenceinter-
vals[CIs]) of thecomponentprimary outcomeswerecalculated.Secondaryoutcomemeasures
of categoricaldatawereanalysedwith �!2 testsandcontinuousdatawereanalysedwith � tests
(for normallydistributeddata).Outcomeassessmentsandanalyseswereblinded.A dataanaly-
sisplanwasdesignedin alignmentto thestudyprotocolfor theinitial trial steeringcommittee
meeting.No changesto theplannedanalysiswereconducted(S1Text).

Results

Feasibilityoutcomes
Between9 May2017and30September2018,334of 553screenedwomenmetall theinclusion
criteriaandnoneof theexclusioncriteriaandagreedto berandomised.Of the219women
excluded,123did not meettheinclusioncriteria,and96declinedparticipation.A totalof 334
participantswererecruited;169wererandomlyassignedto thePOPPIEgroupand165to the
standard.Eleven(6.5%)womenin POPPIEand8 (4.8%)in thestandardgroupeithermoved
out of areaantenatallyor postnatallyor werein uterotransfersin threatenedpretermlabourto
atertiaryhospital.Follow-upto maternalandinfant postnatalcommunitydischargecontin-
ueduntil May31,2019.For theintention-to-treatanalysis,datafrom 168women(1 woman
withdrew,with consentto useall datawithdrawn) in thePOPPIEgroupand163womenin
thestandardgroup(2 womenlostto follow-up)wereincluded(Fig1).

Fidelityof theinterventionispresentedin Table2.More than85%of antenatalandpostna-
tal visitswereprovidedbyaPOPPIEmidwife for womenin thePOPPIEgroup,andnearly
75%of thosewereprovidedby their namedor partnermidwife.A POPPIEmidwifewaspres-
entat thebirth for morethan80%of womenin thePOPPIEgroup,andthenamedor partner
midwifewerepresentin nearly57%of thosewomen.Forwomenin thestandardgroup,53%
of antenatalvisitsand21%of postnatalvisitswereprovidedby thesame2 midwives(named
or partnermidwifenot routinelyavailable)andonly 1%of birthswereattendedby those
knownmidwives.Overall,womenin thePOPPIEgroupweresignificantlymorelikely to
receiveantenatal(risk ratio 15.76[11.02,20.50];p < 0.0001),intrapartum(46.08[11.55,
183.86];p < 0.0001),andpostnatal(45.40[38.83,51.98];p = 0.0001)carefrom thenamed/
partnermidwifeor same2 midwives.

Baselinedata. Baselinecharacteristicsweresimilarbetweenthe2groups,with groupsbal-
ancedon minimisation factors(Table3).Meanmaternalagewas31.81years(SD5.46),and
32%of womenwerefrom aBAMEbackground,aslightlyhigherproportion comparedwith
thelocalmaternitypopulation.Nearly69%of womenlivedin areasof highestsocialdepriva-
tion, although46%of womenhadauniversitydegree,70%werein employment,and37%of
womenhadtotalhouseholdweeklyincomesof �£650. Under5%of womenwerenot fluent in
English.Thereweremoreprimiparouswomenin thestandardgroupthanthePOPPIEgroup
(37%versus29%),but thedifferencewasnot statisticallysignificant.More thanhalfof thepar-
ticipantswereoverweightor obese,andnearly30%hadat leastonepre-existingmedicalcon-
dition and2 or morerisk factorsfor PTB.

Primary compositeoutcome. Theproportion of womenwith theprimary compositeout-
come(initiation andtiming of anyof theinterventionsgivento preventand/ormanagepoten-
tial pretermlabourandbirth) wassimilar in thePOPPIEgroup(83.3%)andstandardgroup
(84.7%);risk ratio 0.98(95%CI 0.90to 1.08);p = 0.742(Table4).Therewereno statistically
significantdifferencesbetweenbothgroupsin theprovisionof transvaginalscanassessments
of thecervix(53.6%versus51.5%;risk ratio 1.04[95%CI 0.85,1.28];p = 0.711)andcerclage

POPPIE pilot trial

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003350 October 6, 2020 9 / 20



insertion(6.0%versus5.5%;risk ratio 1.08[95%CI 0.45,2.58];p = 0.866)before24weeks'
gestation,fetalfibronectintestsafter22weeks'gestation(8.3%versus10.4%;risk ratio 0.80
[95%CI 0.41,1.57];p = 0.513),progesteroneadministrationat lessthan34weeks'gestation
(19.0%versus11.7%;1.63[95%CI 0.97,2.76];p = 0.063),andantibioticsafterdiagnosisof
aurine tract infection(UTI) (33.3%versus42.3%;risk ratio 1.79[95%CI 0.60,1.04];
p = 0.091).

Therewereno statisticallysignificantdifferencesbetweenthePOPPIEgroupcompared
with thestandardgroupof womenwhoreceivedantenatalcorticosteroidsfor fetallungmatu-
ration beforeaPTBat<37 weeks(58.1%versus68.4%;risk ratio 0.85[95%CI 0.55,1.30];
p = 0.595)andbeforeaPTBat<34 weeks(40.0%versus50.0%;risk ratio 0.67[95%CI 0.18,
2.45];p = 0.385).In termsof timing, corticosteroidsadministration2 to 7 daysbeforeaPTB
<37 weeksand2 to 7 daysbeforeaPTB<34 weeksdid not differ statisticallybetweenthe
POPPIEandstandardgroups(19.4%versus31.6%;risk ratio 0.61[95%CI 0.23,1.63];
p = 0.326and23.5%versus40.0%;risk ratio 0.82[95%CI 0.28,2.38];p = 0.445,respectively).
Similarly,therewereno statisticallysignificantdifferencesbetweenthePOPPIEgroupcom-
paredto thestandardgroupof womenwhoreceivedmagnesiumsulphatefor fetalneuropro-
tectionbeforeaPTBat<34 weeks(35.2%versus10.0%;risk ratio 0.86[95%CI 0.22to 1.96];
p = 0.243)andbeforeaPTBat<30 weeks(33.3%versus0.0%)or atanappropriatetime (0±2

Fig 1. POPPIEtrial profile. POPPIE,Pilot studyOf midwiferyPracticein Pretermbirth Includingwomen's
Experiences

https://doi.org/10.1371/journal.pmed.1003350.g001
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days)prior to aPTB<34 (29.4%versus10.0%;risk ratio 3.12[95%CI 0.42,23.01];p = 0.264)
or PTB<30 weeks(25.0%versus0.0%).

Therewereno statisticallysignificantdifferencesbetweenwomenin bothgroupsadmitted
to hospitalfor observationfor threatenedpretermlabour(15.5%versus12.9%;risk ratio 1.20
[95%CI 0.70,2.05];p = 0.499),in uterotransferto atertiaryhospitalfor pretermlabour(3.0%
versus0.6%;risk ratio 4.85[95%CI 0.57,41.08];p = 0.107),referralsto specialistservicesfor
smokingcessation(24.4%versus23.9%;risk ratio 1.02[95%CI 0.70,1.49];p = 0.919),or
domesticviolenceservices(1.8%versus1.2%;risk ratio 1.46[95%CI 0.25,8.60];p = 0.677).
Additional outcomesarepresentedin S1Table.

Secondarymaternalandneonataloutcomes. Theproportion of complicationsdiagnosed
during pregnancydid not statisticallydiffer betweenthegroups(Table5).Theproportionsof
womenwhohadspontaneousonsetof labour,induction andaugmentation,spontaneousand
assistedvaginalbirths,andcesareansectionsweresimilar,asweretheproportionsof women
receivingregionalor opiateanalgesiaduring labour,episiotomy,or perinealtearrequiring

Table2. Fidelity of the POPPIEgroup andcomparisonwith standardgroup.

POPPIEGroup (n = 168) StandardGroup (n = 165) EffectSize(95%CI),
p-Value

Meanantenatalvisitsby²:

Named/partner midwife (or same2 midwivesif not documented) 6.86(2.97) 4.32(2.40) 2.54(1.95,3.13)

Othercontinuity teammidwife 0.44(0.83) NA

Othermidwives 1.64(1.24) 2.94(1.79) �1.30 (�1.64 to �0.96)

Percentageof antenatalvisitsby³:

Named/partner midwife (or same2 midwivesif not documented) 74.3 58.5 15.8(11.02,20.50),
<0.0001

Othercontinuity teammidwife 4.4 NA

Othermidwives 21.3 41.5 �20.22 (�24.88 to �15.54)

Labourassessmentby aknownmidwife² 88(52.4) 0 (0.0)

Presentatbirth²:

Named/partner midwife (or same2 midwivesif not documented) 95(56.5) 2 (1.2) 46.08(11.55,183.86),
<0.0001

Othercontinuity teammidwife 41(24.4) NA

Othermidwife 27(16.1) 157(97.5) 0.16(0.11,0.23)

Other� 5 (3.0) 2 (1.2) 1.21(0.33,4.43)

Meanpostnatalvisitsby²:

Named/partner midwife (or same2 midwivesif not documented) 5.16(2.85) 0.93(1.25) 4.22(3.74,4.69)

Othercontinuity teammidwife 1.68(1.63) NA

Othermidwives 0.27(0.95) 2.41(1.22) �2.15 (�2.38, �1.91)

Percentageof postnatalvisitsby³:

Named/partner midwife (or same2 midwivesif not documented) 71.5 26.1 45.40(38.83,51.98),
<0.0001

Othercontinuity teammidwife 21.5 NA

Othermidwives 6.9 73.9 �66.95 (�73.46, �60.45)

Dataaren (%)or %unlessotherwiseindicated. Effectmeasuresarerisk ratiosfor categorical variables(risk in POPPIEcaregroup/risk in standardcaregroup)and

meandifferencesfor continuousvariables(meanin POPPIEcaregroup±mean in standardcaregroup). Abbreviations:CI, confidenceinterval;NA, not applicable;

POPPIE,Pilot studyOf midwiferyPracticein Pretermbirth Including women'sExperiences.
� Sonographers,unattendedbirth.

²Missing datafor 4 womenin thestandardgroup.

³Missing datafor 3 womenin POPPIEgroupand14womenin standardgroup.

https://doi.org/10.1371/journal.pmed.1003350.t002
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