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ObjectiveFewerthan3%of4millionannualneonataldeathsoccurincountrieswithreliablevitalregistration(VR)data.Global
estimatesforasphyxia-relatedneonataldeathsvaryfrom0.7to1.2million.Estimatesforintrapartumstillbirthsarenotavailable.
Weaimedtoestimatethenumbersofintrapartum-relatedneonataldeathsandintrapartumstillbirthsintheyear2000.
MethodsSourcesofdataonneonataldeathincluded:vitalregistration(VR)dataonneonataldeathfromcountrieswithfull(>
90%)VRcoverage(48countries,n=97297);studiesidentifiedthroughliteraturesearches(>4000abstracts)andmeetinginclusion
criteria(46populations,30countries,n=12355).Aregressionmodelwasfittedtocause-specificproportionatemortalitydatafrom
VRandtheliterature.Predictedcause-specificproportionswereappliedtothenumberofneonataldeathsbycountry,andsummed
toaglobaltotal.Intrapartumstillbirthswereestimatedusingmediancause-specificmortalityratebycountry(73populations,52
countries,n=46779)orthesubregionalmedianintheabsenceofcountrydata.
FindingsIntrapartum-relatedneonataldeathswereestimatedat0.904million(uncertainty0.65–1.17),equivalentto23%ofthe
global totalof4millionneonataldeaths.Country-levelmodelpredictionscomparedwellwithpopulation-baseddata setsnot
includedintheinputdata.Anestimated1.02millionintrapartumstillbirths(0.66–1.48million)occurannually,comprising26%of
globalstillbirths.
ConclusionIntrapartum-relatedneonataldeathsaccountforalmost10%ofdeathsinchildrenagedunder5years.Intrapartum
stillbirthsareahugeandinvisibleproblem,butarepotentiallypreventable.Programmaticattentionandimprovedinformationare
required.

KeywordsInfantmortality;Pregnancyoutcome;Laborcomplications/epidemiology;Asphyxianeonatorum/epidemiology;Hypoxia-
ischemia,Brain/epidemiology;Causeofdeath;Infant,Newborn;Infant,Premature;Regressionanalysis;Forecasting(source:MeSH,
NLM).
MotsclésMortaliténourrisson;Issuegrossesse;Accouchementcompliqué/épidémiologie;Asphyxienéonatale/épidémiologie;Hypoxie-
ischémiecérébrale/épidémiologie;Causedécès;Nouveau-né;Prématuré;Analyserégression;Prévision(source:MeSH,INSERM).
PalabrasclaveMortalidadinfantil;Resultadodelembarazo;Complicacionesdeltrabajodeparto/epidemiología;Asfixianeonatal/
epidemiología;Hipoxia-isquemiadel cerebro/epidemiología;Causademuerte;Reciénnacido;Prematuro;Análisisde regresión;
Predicción(fuente:DeCS,BIREME).
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Background
TheMillenniumDevelopmentGoals(MDGs)andTheworld
healthreport2005arefuellingattentiontomaternalandchild
health (1). Improved information is required at the global
andprogrammelevelstoprioritizeuseofresourcestoachieve
themaximumeffect.Almost40%ofdeathsinchildrenaged
under5yearsoccurintheneonatalperiodandthispropor-
tionisincreasingasthenumbersofpost-neonataldeathsfall

morerapidly(2).Yetneonataldeathsreceivelimitedattention
—partlyduetothelackofrobustestimatesofcauseofdeath(3).
TomeetMDG-4,whichcallsformortalityinunder-5-year-olds
tobereducedbytwo-thirds,morerapidreductionisrequired
particularlyintheriskofearlyneonataldeath(deathinthe
firstweekoflife),whichhasshowntheleastdecline(4).Birth
asphyxiaisamajorcauseofearlyneonataldeaths.Although
theestimatednumbersofdisability-adjustedlifeyears(DALYs)
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forbirthasphyxiaexceedthoseduetoallchildhoodconditions
preventable by immunizations (5), birth asphyxiadoesnot
featureonmostlistsofchildhood“killers”andisnotapolicy
orfundingpriority.Associatedstillbirths(latefetaldeathsafter
28weeksofgestation)arevirtuallyinvisibleatpolicylevel.

Tension between the increasing demand for data for
decision-making,andtherealityofhealthinformationgapshas
beendescribedasa“gatheringstorm”(6).Informationregard-
ingthecauseofdeathformorethan97%ofneonataldeaths
isscantyincountrieswithoutfullcoverageofvitalregistration
(VR).Themajorityoftheworld’sstillbirthsandneonataldeaths
occurwherenoinformationisavailabletoguideprogrammes.
Thus,modellingandotherestimationapproachesarenecessary
whileworkingtoimprovecoverageandqualityofnewdata.
Systematicglobalestimatesforintrapartumstillbirths—babies
whodieduringlabour—haveneverbeenpublished.Reported
globaltotalsofneonataldeathsduetothenon-specificcondi-
tionofbirthasphyxiavaryfrom0.7million(7)to1.6million
(8)althoughthedatainputsandmethodsforobtainingthese
estimatesarenotavailable.

Clarifyingthelanguagerelatingtobirthasphyxiaisneces-
saryforimprovedmeasurement,especiallyifthedeathscounted
aretoberelevanttoprogrammeaction.Previousestimateshave
referredtothenonspecificconditionofbirthasphyxia,ornot
breathingatbirth,whichhasseveralcauses,includingpreterm
birth,althoughhistoricallythetermbirthasphyxiahasimplieda
causallinkwithintrapartumhypoxia.Thereisnogoldstandard

testforbirthasphyxia—fetaldistress,acidaemia,Apgarscores
andotherclinicalmarkersoftheprocessofpotentialintrapartum
injuryhavelowpositivepredictivevalues(9).Furthermore,such
measurementsarenotfeasibleformanyofthe99%ofneonatal
deathsoccurringinlow-andmiddle-incomecountriesbecause
halfofthesedeliveriestakeplacewithoutaskilledattendant
andaminorityhasaccesstoassessmentofacid–basestatus.

Epidemiologicalmeasurementofintrapartuminjuryhas
movedfromprocess-based(e.g.longlabour)andsymptom-based
(e.g.Apgarscore)definitionstomultipleindicatoroutcomes
particularlyneonatalencephalopathy,whichreferstoanab-
normalneurobehaviouralstateinthefirstfewdaysoflifeand
ismostcommonlyrelatedto intrapartuminsult (10).Such
outcomesaremorefeasibletomeasureconsistentlyandhave
directprogrammerelevance(11,12).Recentdevelopmentsin
earlycoolingtherapyforbabieswithneonatalencephalopathy
arepotentiallyapplicablemorewidelyandrequireearlyand
specificidentificationofbabieswithacuteintrapartumbrain
injury(13).Ifbabieswithextremepretermbirthorcongenital
malformationscontinue tobemisclassifiedashaving intra-
partum asphyxia, aside from the issue of litigation in rich
countries,expectedpopulation-levelprogrammaticsolutions
maybebasedonmisinformation,asdifferentinterventionsare
requiredtopreventdeathsduetotheseothercauses.Improved
globalestimatesnecessitatetightercasedefinitions;detaileddata
inputswithexplicitinclusioncriteria;methodsandassumptions
described;andprovisionofassociateduncertaintyestimates.
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Objectiveandcasedefinitions
Theobjectiveofthepresentstudywastoprovideestimates
for192countriesaroundtheyear2000forthefollowingmor-
talityoutcomes:
• Neonatal deaths related to intrapartum events, including

neonataldeaths resulting fromneonatal encephalopathy,
neonatesbornattermwhocouldnotberesuscitated(or
forwhomresuscitationwasnotavailable)orspecificbirth
trauma.Wherepossible,othercausessuchas lethalcon-
genitalmalformationsandextremepretermbirth(lessthan
34completedweeksofgestation(orbirthweight<1500g)
shouldhavebeenexcluded.

• Stillbirthsoccurringintrapartumorfreshstillbirths(skinstill
intact,implyingdeathlessthan12hoursbeforedelivery),
weighingmorethan1000goraftermorethan28weeksof
gestation,butexcludingthosewithseverelethalcongenital
abnormalities.

Methodsanddatasources
Fig.1providesanoverviewofthemethodsapplied.Forthepro-
portionofneonataldeathsrelatedtointrapartumeventsiffull
coverage(>90%)VRdatawereavailablewithdataoncauseof
neonataldeath,weanalysedandusedthesedata.Forcountries
wherefullcoverageVRdatawerenotavailable,aregression
(logit)modelbasedonVRandstudydatawasfitted,andthe
predictedproportionappliedtotheWHOestimatesofnumber
ofneonataldeathsbycountry.Thecause-specificrateofstill-
birthsoccurringintrapartumbycountrywasestimatedfrom
themedianrateusingstudiesthatmettheinclusioncriteria.

SearchStrategy
Systematic searches were performed of the MEDLINE,
POPLINE,LatinAmericanandCaribbeanHealthSciences
(LILACS),BioMedCentral,AfricanIndexMedicusandWHO
RegionalOfficefortheEasternMediterranean(EMRO)data-
bases.Searcheswereconducted,withoutrestrictionsregarding
language,onpublicationssince1985forvariousterms,includ-
ingall-causemortalityterms(e.g.neonatal/perinatalmortality,
stillbirthsandfetaldeaths)andcause-specifictermsrelatedto
acuteintrapartumevents(e.g.birthasphyxia,hypoxicischaemic
encephalopathy,neonatalencephalopathy,birthtrauma,fresh
stillbirthsandintrapartumstillbirths).Extensiveattemptswere
madetoidentifyunpublisheddatabases.Over4000documents
ofpotentialrelevancewereidentifiedthroughthesesearchtech-
niquesforneonataldeaths,andalmost14000forstillbirths
(Fig.1).Afterscreeningtheabstracts,theselectedpublications
wereexaminedindetailtodeterminewhethertheymetthe
inclusioncriteriausingtwoscreeningfilters(Table1).

Neonataldeathsrelatedtoacuteintrapartum
events
Thecasedefinitionisgivenabove.

Vitalregistrationdata
Originalanalysiswasperformedonthedataforallneonatal
deathsfrom83countriesthathadrecordedVRdatawithinthe
last10years,asreportedtoWHOuptoMarch2004(Personal
communication,D.MaFat,Evidence for Informationand
PolicyCluster,WHO,June2003).Datafrom48countries
mettheinclusioncriteria,withthemedianyearbeing2000
(Table1).Theproportionofintrapartum-relateddeathswas

derivedfromanalysisusingtherelevantInternationalClassi-
ficationofDiseases(ICD)-10orICD-9codesrelevanttothe
casedefinition,andanalysedinStataversion8(StataCorpora-
tion,CollegeStation,Texas,USA).Forcountrieswithsuitable
VRdata(48countries)theproportionofintrapartum-related
neonataldeathswasused.Forcountrieswith less than500
neonataldeathsperyear,aweightedaverageproportionofthe
mostrecent3yearswasused.

Model-basedestimates
Fortheremaining145countries,arandomeffectsmodelwas
usedtopredicttheproportionofneonataldeathsrelatedto
intrapartumevents.Thedependentvariablewasthelogitofthe
proportionofintrapartum-relatedneonatalmortalityfromVR
(48countries)andfrom46publishedandunpublishedstudies
thatmettheinclusioncriteriaspecified(Table1).Avarietyof
potentialindependentvariables,usingnational-leveldatafor
theyear2000,weretestedforfit.Theseweremortalityratein
under-5-year-olds;neonatalmortalityrate(NMR);grossdo-
mesticproduct;healthexpenditures;dummyvariablefortype
ofdata(VRorothers);WHOsubregionsandmortalitylevels;
andcoverageofinterventionssuchasvaccination,skilledbirth
attendanceandantenatalcare.Thesedatawereobtainedfrom
theWorldBank,WHO,andtheUnitedNationsChildren’s
Fund(UNICEF),andrefertotheyear2000.Arandomeffects
modelwasfittedusingaparsimoniousapproach,addingpredi-
catorsiftheyreachedsignificanceatalevelof5%.Thefinal
modelwasusedtopredicttheproportionofneonataldeaths
relatedtointrapartumeventsforthe145countrieswithoutVR
data.Theproportionderivedwasthenappliedtothenumber
ofneonataldeathsinthecountryaccordingtoWHOestimates
toproduceanestimateofthenumberofintrapartum-related
neonataldeaths.Externalvalidityoftheestimateswasexamined
bycomparingmodelpredictionstounpublished,population-
baseddatasets.

Intrapartumstillbirths
Thecasedefinitionappliedisdetailedabove.A“freshstillbirth”
isababyborndeadwithout signsof skindisintegrationor
macerationandthedeathisassumedtohaveoccurred<12
hourspriortodelivery(12,14).Forobstetricclassifications
such as Aberdeen, acute intrapartum events causing death
suchasantepartumhaemorrhageandobstructedlabourwere
consideredequivalent.

Studies meeting the inclusion criteria specified were
abstracted(Table1).Ifmorethanonestudywasincludedper
country,thenthemedianratewasapplied.Themedianwas
selectedinpreferencetothemeaninkeepingwithapproaches
usedforestimationsintheChildHealthEpidemiologyRefer-
enceGroup(15).Ifnodatawereavailableforacountrythen
themediancause-specificrateforthesubregionwasused.The
correctdenominatorfortherateofstillbirthsistotalnumberof
births.Estimatesofratesofstillbirtharenotcurrentlyavailable
bycountryandthereforetotalnumbersofbirthsatcountry
levelareunknown.Hencethederivedcause-specificrateswere
appliedtotheestimatedlivebirthsforeachcountryforthe
year2000(UNPopulationDivision,2001revision(16))and
summedtoaglobaltotalwhichwasthencorrectedtoallow
forthemissingstillbirthsbymultiplyingby1.03,basedon
aglobalstillbirthrateof30per1000totalbirthspreviously
estimatedbyWHO(7).
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Uncertaintyanalysis
Incountrieswith fullVRcoverage,95%uncertainty levels
werederivedfromthereporteddata.Formodelledestimates,
uncertaintyboundsweregeneratedusingthestandarderrorof
thepredictionofthelogitandrunning10000MonteCarlo
simulations.For stillbirths, theupper and lowerboundsof
uncertaintyforeachsubregionweretakenasthehighestand
lowestratesforintrapartumstillbirthinthedataenteredfor
that subregion.These methods did not take into account
uncertaintyinthebirthcohortorintheWHOestimatesfor
neonataldeathsbycountry.

Results
Neonataldeathsrelatedtoacuteintrapartum
events
Atotalof46studypopulations from30countriesmet the
inclusioncriteria,witha cumulative sample sizeof12355
neonatal deaths (Table A.2, web version only, available at
http//www.who.int/bulletin).VRdatafrom48countrieswere
included(97297neonataldeaths).Thedataentered(Fig.2)
suggestthatincountrieswithalowerNMR(<15per1000live
births),theproportionofneonataldeathsrelatedtoacutein-
trapartumeventsismainlybetween10%and20%.ForNMRs
between15and30per1000,intrapartumeventsarereported
tocauseahigherproportionofneonataldeaths,rangingfrom
23%to37%.HoweverathigherNMRs(above30per1000
livebirths),thecause-specificproportionfallsto15–25%of
neonataldeaths.

Thefinalregressionmodelappliedtopredictthepropor-
tionofneonataldeathsrelatedtoacuteintrapartumeventswas
(standarderrorsinparentheses):

logit(%asphyxiadeaths)=

–1.53+1.83*(lnq5)–0.28*(lnq5)²–0.30*(lnGDP)–
(0.93)(0.62) (0.09) (0.13)

0.13*logit(%DPT3)–
(0.05)

0.05*logit(%skilledbirthattendants)+0.23*(datatype)
(0.03)(0.07)

Where lnq5is thenatural logarithmofthenationalriskof
dyingbetweenbirthand5yearsofage,lnGDPisthenatural
logarithmofgrossdomesticproductinpurchasingpowerparity,
logit(%DPT3)isthelogitofnationalcoverageofimmuniza-
tionwiththreedosesofdiphtheria,pertussisandtetanustoxoid
immunization,anddatatypeisadummyvariablefordatainput
type(VRorliterature).Thegoodness-of-fitwassatisfactory,as
reflectedbyR-square(0.61).Therewasnosystematicdeviation
amongtheresiduals.Nationaldataforcoverageofemergency
obstetriccarewerenotavailable.Othercovariatessuchasante-
natalcarewerenotfoundtobestatisticallysignificant.

The predicted proportion of neonatal death due to
intrapartumeventsineachcountrywasthenappliedtothe
WHOestimationsofneonataldeathsbycountry.Themodel
results,combinedwithfullcoverageVRdatafor48countries,
predictedaglobaltotalof0.904million(0.65–1.17million)
deaths.Table2comparesmodelpredictionswithunpublished

Table1.Summaryoftheinclusioncriteriaappliedtothedatainputs

Method Inclusioncriteriafordatainputs

Neonataldeaths •Filter1–population-baseddata:
Vitalregistration(VR)data  fullcoverageofvitalregistration(>90%)asdefinedbyWHOestimatesbasedonadultmortalitycoveragea

 •Filter2–comparablecause-of-deathdataavailable:
  detailedICD-10orICD-9codesreportedtoWHOasofMarch2004

Neonataldeaths •Filter1–populationbaseddata:
Multipleregressionmodel  population-basedstudy(eitherinthecommunity,orinaninstitutionifnotatertiaryreferralcentre,andover
  90%ofdeliveriesintheareawereinstitutional);
  neonataland/orearlyNMRreportedorcouldbecalculated
 •Filter2–comparablecauseofdeathdataavailable:
  cause-of-deathdatacoveratleast12months;
  percentageofunknowndeathswaslessthan30%andatleast20deathswithknowncauseofdeathwere
  reported;methodusedwasskilledclinicalinvestigation,postmortemorverbalautopsy.Comparablecase
  definitionofacuteintrapartumeventswaspossibleandthecause-specificproportionofinterestwasspecified
  orcouldbecalculatedfromtheinformationgiven.Singlecause-of-deathstudiesexcluded

Intrapartumstillbirths •Filter1–population-baseddata:
Literature-basedmedian  population-basedstudy(eitherinthecommunity,orinaninstitutionifnotatertiaryreferralcentre,andover
cause-specificrate  90%ofdeliveriesintheareawereinstitutional);
  stillbirthrate(fetaldeathrateafter28weeksgestation/birthweight>1000g)wasreportedorcouldbe
  calculated;b

 •Filter2–comparablecauseofdeathdataavailable:
  percentageofunknowndeathswaslessthan40%,andatleast20deathswithknowncauseofdeathwere
  reported;methodusedwasskilledclinicalinvestigation,postmortemorverbalautopsy.Comparablecase
  definitionofacuteintrapartumeventswaspossibleandtheintrapartumcause-specificratewasspecifiedor
  couldbecalculatedfromtheinformationgiven

ICD,InternationalClassificationofDisease;NMR,neonatalmortalityrate.
aWHOdraftcoverageestimates(D.MaFat,personalcommunication,June2003).
bDefinitionvaryingfrom28weeksgestationwasacceptedforafewcountriesinwhichmortalitywaslowandnodatawereavailableusingthe28weekdefinition
 (TableA.1,webversiononly,availableathttp//www.who.int/bulletin).
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Table2.Consistencyofestimateswithunpublisheddatafrompopulation-baseddatasets

 Percentageofneonataldeathsrelated
 toacuteintrapartumevents

Country Studysite Unpublishedpopulation-based Nationalestimate
  data(numberofneonataldeaths) predictedbymodel

Gambiaa Ruralcommunitywithprimaryhealthcare 19%(78) 22
 andsomeaccesstoemergencyobstetriccare

UnitedRepublic Urban(DaresSalaam) 18%(91) 26
ofTanzaniab Rural(Hai) 25%(142)
 Rural(Morogoro) 33%(158)
 Nationalweightedresult 29%

Bangladeshc PeriurbancommunityinDhakawithpotential 24%(124) 30
 accesstoemergencyobstetriccare

Pakistand Ruralsitewithlimitedaccesstobasicand 26%(154) 23
 emergencyobstetriccare

Nosignificantdifferencedetectedbetweenobservedandpredictedproportions.Pairedt-test0.76.
aWalravenG,personalcommunication,March2004.
bSettelP,WhitingD,HemedY,personalcommunication,March2004.NationalresultderivedfromthreesitesusingP-weightsbasedoncensusdatafor2002.
cPerryH,personalcommunication,March2004.
dBhuttaZ,personalcommunication,April2004.

population-baseddatafromfourcountrieswithhighmortality
levels.Thesedatasetsmettheinclusioncriteria(Table1),but
werenotincludedinmodelling.Apairedt-testdidnotdetect
astatisticallysignificantdifferencebetweenobservedandpre-
dictedproportions(P=0.76).Theaverageabsolutedifference
betweenobservedandpredictedproportionatemortalitywas
only4%.

Intrapartumstillbirths
Studiesmeetinginclusioncriteriaincluded73populationsin
52countrieswithacumulativesamplesizeof46779stillbirths
(TableA.1,webversiononly,availableat:http//www.who.int/
bulletin).Approximately84%werereportedinpeer-reviewed
papers,fourwerenationalreportsandtwowereunpublished
datasets.Table3summarizestheestimatesofratesofintra-
partumstillbirthbysubregion,summingtoaglobaltotalof
1.02million(uncertainty0.66–1.48million).Theincidence
variedmarkedly,witharateoflessthan1per1000totalbirths
intherichest regions, tomorethan15timeshigher inthe
EasternMediterraneanregions,SouthAsiaandsub-Saharan
Africa.The disparity reached 50-fold when comparing the
lowest(0.33per1000totalbirths)(17)andhighest(17.4per
1000)(18)reportedrates.

Discussion
Thefigurespresentedherearethefirstsystematicglobalesti-
matesquantifyingintrapartumstillbirths,andthefirstestimates
ofintrapartum-relatedneonataldeathsusingamorespecific
casedefinition.Weestimatedthat0.904millionneonataldeaths
wereassociatedwithacuteintrapartumevents,approximately
23%ofallneonataldeathsglobally,andanadditional1.02
millionintrapartumstillbirthsaccountedfor26%of3.9mil-
lionstillbirths.Thistotalofcloseto2milliondeathsoccur-
ringimmediatelyaroundthetimeofbirthislargelyinvisible
intermsoftheprioritiesofeithersafemotherhoodorchild
survivalprogrammes.Improvinghealthsystemsatthetimeof
childbirthpotentiallyoffersatriplebenefit:reducingnotonly

neonatalmortalityandintrapartumstillbirths,butalsoaverting
manyoftheestimated0.5millionmaternaldeathsayear.

Extensiveeffortsweremadetosystematicallyidentifyand
usethebestinformationavailable.Comparisonofthemodel
predictionswithunpublisheddatasets(Table2)showedrea-
sonableagreementinfourcountries.However,only48countries
hadsuitableVRdata.Stillbirthdataarenotroutinelycollected
byWHO.Giventhenumerousapproachestoclassification
ofperinataldeathsandvariablecasedefinitions,thedataare
intrinsicallyuncertain,evenwithinEurope(19).Improving
thequantity,qualityandcomparabilityofdatacollectedinthe
futureistheonlywaytoreducethisuncertainty.Trendanalysis
withpreviousglobalestimatesofneonataldeathsdueto“birth
asphyxia”shouldbemadewithcaution,becausethecasedefini-
tionsherearemorespecific(9).

Fig.2.Inputdatabycountryfromvitalregistration(48
countries,n=97297)andstudies(46populations,
30countries,n=12355).Countriesarearrangedinorderof
increasingneonatalmortalityrate(NMR)andthereportedproportion
ofneonataldeathsrelatedtointrapartum(IP)eventsisplotted
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Table3.Summaryoftheestimatednumbersofstillbirthsandneonataldeathsrelatedtoacuteintrapartumeventsfor192
countriesaccordingtothe14subregionsoftheWorldHealthOrganization

 Neonataldeathsrelatedtoacuteintrapartumevents

 Cause-specific Estimatedcause-specific Uncertainty
 percentageof numberofneonataldeaths bounds
 neonataldeathsb (thousands)b

WprA 15 0.51 0.4–0.6 0.95
EuroA 14 2.0 1.7–2.3 0.66
AmrA 12 2.4 2.2–2.5 0.95
EuroC 15 3.2 2.4–5.1 1.2
EuroB 24 15.1 10.7–19.6 2.0
AmrB 24 31.7 29.4–34.2 3.7
EmrB 13 6.8 4.7–8.8 4.5
SearB 24 24.8 17.5–32.3 3.9
WprB 26 128.4 91.0–167.5 5.8
AmrD 22 9.6 6.8–12.5 6.3
SearD 24 316.0 223.0–410.3 10.2
AfrD 23 118.2 83.6–151.0 10.6
AfrE 20 116.7 82.1–151.0 10.8
EmrD 23 129.0 90.3–166.8 11.2

Globalestimatefornumbers  904.4  1021
ofdeaths(thousands)   
(Uncertaintybounds)  (646–1170)  (660–1480)
Percentageofglobalneonatal  23%  27%
deathsorstillbirths

Wpr,WHOWesternPacificRegion;Euro,WHOEuropeanRegion;Amr,WHORegionoftheAmericas;Emr,WHOEasternMediterraneanRegion;Sear,WHOSouth-East
AsiaRegion;Afr,WHOAfricanRegion.
aCountriesinthe14subregionsoftheGlobalBurdenofDiseaselistedinTableA.3(webversiononly,availableathttp//www.who.int/bulletin).Alistofindividual
 countriesinthisclassificationcanbefoundat:http://www.who.int/whr/2001/main/en/memberstates.htm
bBasedonthevitalregistrationdatafor48countriesandmultipleregressionmodelasdescribedfor143countries.
cBasedonmediancause-specificrateasdescribed.

Subregiona
(inorderofincreasing
neonatalmortalityrate)

Estimated
intrapartum

stillbirth
rateper1000
totalbirthsc

Neonataldeathsrelatedtoacuteintrapartum
events
Thereareseveralpotentialsourcesofbiasintheproportion
ofneonataldeathsrelatedtoacuteintrapartumevents.Early
neonataldeathsmaybemisregisteredasstillbirths(20).Mis-
classificationofcauseofdeathoccurs,andismorelikelywith
simpler verbal autopsy tools using unspecified algorithms,
particularlyindistinguishingbetweenintrapartumcausesand
prematurity,orundetectedcongenitalabnormalities.Further-
more,comorbiditymaybecomplex;forexample,infectionand
acuteintrapartumeventsaresynergisticandthedirectcauseof
deathmaybedebatable(21).Inlitigioussocieties,theremay
besystematicavoidanceofthediagnosisof“birthasphyxia”on
deathcertificates.DespitehigherNMRs,thesubregionalaver-
agepercentageofneonataldeathsrelatedtointrapartumevents
islowerinNorthAmerica(12%)thaninAustraliaandEurope
(14%and15%,respectively)(Table2).Industrializedcountries
tendtorestrictthedefinitionofintrapartum-relatedneonatal
deathstodeathssubsequenttoneonatalencephalopathywith
multi-organ dysfunction, documented acidosis and proven
intrapartuminsults(9).Theuseofthisdefinitionisnotfeasible
indevelopingcountriesandomitsanimportantgroup,namely,
thoseinfantswhodieimmediatelyafterbirthifresuscitation
isunavailableorfails.Relevantandpracticalcasedefinitions
requirevalidationespeciallywithinverbalautopsytools,asthis
isthemajorsourceofcause-specificmortalityinformationon
mostoftheworld’sneonataldeaths.

Thereareseveralplausibleexplanationsforthevariation
intheproportionofintrapartum-relatedneonataldeathswith
NMR(Fig.2).IncountrieswithhighNMRs,thelowerpro-
portionofneonataldeathsmaybeduetoahigherproportion
ofdeathsbeingcausedbyinfectionsandtetanus.Addition-
ally,inthesettingswiththehighestmortalityrates,accessto
obstetriccareislimited,andacuteintrapartumeventsmore
frequently result in stillbirth than in neonatal death. It is
alsopossiblethatthemeasurementtoolsusedinthesettings
where mortality is highest, particularly the simplest verbal
autopsy tools, underestimate intrapartum-related neonatal
deaths,misclassifying these as stillbirths or asdue toother
causesofdeathsuchasinfection.Thehigherproportionof
intrapartum-relateddeathsreportedintransitionalcountries
maybearealresult,perhapsbecauseinfectiouscausesareless
frequentinthecountriesshown(ChinaandLatinAmerica),
leavingintrapartumcausesasleadingtoahighproportionof
deaths—ortheremaybesystematicmisclassificationofcause
ofneonataldeath,forexamplemisclassifyingpretermbirthas
intrapartum-relateddeathifApgar-baseddefinitionsarestill
used.Population-basedstudiesusingvalidatedmeasurement
toolsarenecessarytoimproveunderstandingofthisapparent
variation,andtoaddressanyavoidablefactors.

Inthefinalmodel,thestrengthofassociationoftheout-
comewithcoverageofvaccinationwithtripledosesofdiphthe-
ria,pertussisandtetanus,whichisconsideredagoodmarker
forhealthsystemfunctioning,maysuggestthatimprovingcov-
eragebyskilledbirthattendantsaloneisinsufficienttoaddress
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intrapartumcomplications.Coverageofemergencyobstetric
carecouldnotbetestedforfitduetolackofcomparablena-
tionaldata.Modelsabletosimultaneouslypredictanumber
ofcausesofneonataldeathwouldbeanalternativeapproach
(2,16).

Intrapartumstillbirths
Stillbirthsareinvisibleinmanysocieties,exceptfortheesti-
mated4millionwomenwholosetheirbabyinthelast3months
ofpregnancy(7).Intrapartumstillbirthsaremorefrequentthan
intrapartum-relatedneonataldeaths,especiallyinsettingswith
limitedemergencyobstetriccare(22).Amaturefetusdyingdur-
ingchildbirthisusuallydefinedasapreventabledeath(23–25).
Hospital-basedstudiessuggestthat25–62%ofintrapartum
stillbirths could be avoided with better obstetric care and
morerapidresponsestointrapartumcomplications,including
reducingdelaysinrecognitionofcomplicationsathome,and
reducingdelaysintransportationtohospital(25–27).

Freshstillbirthisaproxyforstillbirthduetoacutein-
trapartuminsult,butprobablyunderestimatesthetruerateof
stillbirthsduetoacuteintrapartumeventsbecauseaduration
oflabourinexcessof12hoursusuallyresultsinamacerated
stillbirth and in settingswithpoor access toobstetric care,
labour lasting more than 24 hours is not infrequent (28).
Conversely,asmallproportionoffreshstillbirthsmaybedue
tonon-hypoxiccauses(undetectedcongenitalabnormalities
orsevereinfection).Theextentofsuchmisclassificationbiases
cannotbequantifiedwithoutfurtherstudy.

Conclusion
Intrapartumstillbirthsandintrapartum-relatedneonataldeaths
areahugeandpotentiallypreventableburden,yetreceivelim-
itedpolicyandprogrammaticattention.Intrapartum-related
neonataldeathsaccountfor9%ofalldeathsinchildrenaged

under5years,aproportioncomparabletotheestimatednumber
ofchildrenwhodiefrommalaria.Therisksofintrapartum-
relatedstillbirthsandneonataldeathsaremuchhigherinpoor
countries,yetthecoverageofcareislower,amodernexampleof
theinversecarelaw(2,29).Innovativeapproachesarerequired
toincreaseinformationfordecision-makingandimprovecare
insettingswherefartoomanybabiesdonotcryatbirth.O
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Résumé

Enfantsmort-nés:estimationdelamortinatalitéper-partumetdunombrededécèsnéonatauxliésà
desproblèmesper-partumdanslemonde
ObjectifMoinsde3%des4millionsdedécèsnéonatauxannuels
se produisent dans des pays disposant de données d’état civil
fiables.Lesestimationspourl’ensembledumondedunombrede
décèsnéonatauxliésàuneasphyxievontde0,7à1,2million.
Onnedisposepasd’estimationsdelamortinatalitéper-partum.
L’objectifdel’étudeestd’évaluerlenombrededécèsper-partum
etdedécèsnéonatauxliésàdesproblèmesper-partumsurvenus
enl’an2000.
MéthodesL’étudeanotammentutilisélessourcesdedonnées
relativesauxdécèsnéonatauxsuivantes:statistiquesd’étatcivil
indiquantdesdécèsnéonatauxfourniespardespaystotalement
couverts (couverture>90%)pardes registresd’état civil (48
pays, n= 97 297), études sélectionnées par des recherches
bibliographiques(>4000sommaires)etremplissantlescritères
depriseencompte(46populations,30pays,n=12355).Un
modèlederégressionaétéadaptépourétablirlesproportionspar
causesdesdécèssignalésparlesstatistiquesd’étatciviletparles
donnéesdemortalitétiréesdelalittérature.Lesproportionspar
causesprévuesontétéappliquéesaunombrededécèsnéonataux
parpaysetlesrésultatsdecesopérationsontétéajoutéspour

obteniruntotalmondial.Lamortinatalitéper-partumaétéestimée
àpartirdestauxdemortalitéparcausemédiansdanschaquepays
(73populations,52pays,n=46779)ouàpartirdelamédiane
subrégionaleenl’absencededonnéesnationales.
RésultatsLenombrededécèsnéonatauxliésàdesproblèmes
per-partumaétéévaluéà0,904million(intervalled’incertitude:
0,65-1,17million),cequicorrespondà23%de lamortalité
néonatalemondialetotale(4millionsdedécès).Lesprédictions
parpaysfourniesparlemodèlesontenbonaccordavecdesjeux
dedonnéesenpopulationnonintégrésauxdonnéesd’entréedu
modèle.Lamortinatalitéper-partummondialeannuelleestestimée
à1,02millions de décès (intervalle d’incertitude : 0,66 - 1,48
million),soit26%delamortinatalitémondiale.
ConclusionLesdécèsnéonatauxliésàdesproblèmesper-partum
représententprèsde10%desdécèschezlesenfantsdemoinsde
5ans.Lamortinatalitéper-partumconstitueunproblèmeénorme
etpeuvisible,dontlapréventionestcependantpossible.Unetelle
prévention nécessiterait que les responsables de programmes
s’intéressent à ce problème et que les décideurs soientmieux
informés.
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Resumen

Silencioenelparto:estimacionesmundialesdelamortalidadintrapartoydelasdefuncionesneonatales
relacionadasconelparto
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TableA.1.Summaryof73populationsstudiedfrom52countriesthatprovidedinformationforrateofintrapartumstillbirths
(cumulativesamplesize46779stillbirths)

Region Place Data Stillbirth Case Number Stillbirth Intrapartum
GBD  collectionand definition definitionof ofstill- ratefor stillbirthrate
subregion  attributionof abstracted intrapartum births birth per1000live
  causeofdeath  stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

Sub- CapeVerde, Prospectivethrough Gestational APHand 49 19 3.2
Saharan countyofPraia, birthanddeaths age28 non-cephalic
Africa includingthe registry. weeks presentation
AfroD capitalcity, CompleteVR,
 Praia(1) March1992–
  February1993

 Senegal, Healthsystem Birthweight Fresh 35 36 8.5
 peripheral records.Median 1000g intrapartum
 maternityclinics yearofdata  stillbirths
 ofPikene collection1990
 district(2)

 BurkinaFaso Population-based Birthweight Full-term 513 26 10.9
 (3,4) surveyin7sites 500gor intrapartum total
 Mali(3,4) inWestAfrica 22weeksof deathexcluding  24 10.0
 Mauritania(3,4) (6urbancapital gestationbut congenital  30 12.6
 Niger(3,4) cities,1semi-urban), reportsonly abnormalities  20 10.9
 Senegal, Dec.1994– “latestillbirths” (“viable”)  23 9.6
 2sites(3,4) June1996. after8-month
  Verbalautopsy antenatalvisit

Sub- Côted’Ivoire Population-based Birthweight Full-term 513 34 14.2
Saharan (3,4) surveyin7sites 500gor intrapartum total
Africa  inWestAfrica 22weeksof deathexcluding
AfroE  (6urbancapital gestationbut congenital
  cities,1semi-urban), reportsonly abnormalities
  Dec.1994– “latestillbirths” (“viable”)
  June1996. after8-month
  Verbalautopsy antenatalvisit

 Kenya, Prospective Notspecified Intrapartum 404 18 6.5
 Nairobi(5) hospital-based  fetaldeaths
  perinatalsurveillance
  in1hospitaland
  12healthclinics

 Malawi, Community-based Notspecified Appliedobstetric 36 45 10.0
 rural(6,7) cohort.Verbal  classification,
  autopsy  adapted
    Wigglesworth

 Mozambique, Prospectivehospital- Gestationalage Specific 169 39 10.2
 Maputo(atleast basedperinatal 20weeks. directcause
 90%of surveillance. Noneweighed includingcord
 stillbirths)(8,9) 10-weekperiod 1500g complications,
  in1984  uterinerupture,
    intrauterine
    asphyxia,APH

 SouthAfrica. Surveillance Birthweight Intrapartum 573 21 4.2
 Peninsular database,expert 1000g stillbirths,
 maternaland opinion,  congenital
 neonatalservice, postmortems,2001  abnormalities
 SouthAfrica(10)   excluded

 SouthAfrica. Surveillance Birthweight Intrapartum 1985 – Metropolitan
 Hospital-based database,expert 1000g hypoxia,APH,   10.6
 perinatal opinion,  cordprolapse   Cities/towns
 surveillancein postmortems,2000  withintrapartum   11.9
 33sites(11,12)   death   Rural
       8.7
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Region Place Data Stillbirth Case Number Stillbirth Intrapartum
GBD  collectionand definition definitionof ofstill- rate stillbirthrate
subregion  attributionof abstracted intrapartum births forbirth per1000live
  causeofdeath  stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

Sub- UnitedRepublic Cohortofantenatal Gestational Intrauterine 60 15 6.3
Saharan ofTanzania, clinicattendees age28 hypoxia,cord
Africa Hanangand followedupafter weeks compression,
AfroE Mbuludistricts delivery.Household  breech,APH
(continued) (13,14) surveyofsubsample,
  January1995–
  March1996

 UnitedRepublic Prospective Notspecified BABIEsmatrix 34 36 17.4
 ofTanzania, community-based, buttables (birthweightby
 Kwimbaand participatory showveryfew ageatdeath).
 Missungwi surveillance. fetaldeaths Intrapartum
 districts(15) March2000– 1000g deaths
  February2001  1000g

 Zimbabwe, Prospective Gestational Adapted 466 43 15.5
 Bulawayo hospital-based age28 Wigglesworth
 Hospital(16) perinatal weeksor
  surveillance, birthweight
  September1989– 1000g
  August1990

 Zimbabwe, Prospective From500g, Adapted 165 15a 7.0a
 Gwerurural healthsystem althoughvery Wigglesworth
 districthealth datacollection, fewstillbirths
 caresystemwith expertopinion, 1000g
 6ruralmaternity 1984–1986
 centres(17)

North Canada,West Vitalstatistics Birthweight ICD-9codes. 1350 6.9 0.41
America CentralRegion system,1988–1995 500g Stillbirthdueto
AmroA oftheProvince   “birthasphyxia”
 ofOntario(18)

 USA,Texas BureauofVital Gestational ICD-9codes. 6084 6.2a 1.6a
 (white,black Statistics, age20 Fetusaffectedby
 andHispanic 1993–1995 weeks placenta,cord,
 populations)(19)   membranes
    complicationb

Latin Argentina, Prospectivehospital- Gestational Intrapartum 5366 19a 2.3a
America/ hospital-based basedperinatal age20 stillbirths
Caribbean surveillance surveillancein308 weeks
AmroB mainlyinurban hospitalsin18Latin
 areas(20,21) Americancountries,
  1995–1997

 Brazil,allbirths Deathcertificates Gestational Wigglesworth 55 10 3.9
 incityofPelotas andhospital age28 classification.
 (22) surveillance,with weeksor Asphyxia
  highcoverageof birthweight
  postmortems,1993 1000g

 Brazil, Prospectivehospital- Gestational Intrapartum 5664 22a 2.6a
 hospital-based basedperinatal age20 stillbirths
 surveillance surveillancein308 weeks
 mainlyinurban hospitalsin18Latin
 areas(23) Americancountries,
  1995–1997

 Brazil,Natal Prospectivehospital- Gestational Intrapartum 312 27 4.5
 city,3hospitals basedperinatal age28 complications
 and2health surveillance,nested weeksor
 centres(24) case–controlstudy birthweight
  withpostmortem 1000g
  questionnaire.Year
  notgiven:published
  1990

(TableA.1,cont.)
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 Casedefinitionofintrapartumstillbirthsabstracted Numberofstillbirths Stillbirthrateforbirthweight1000g
unlessnoted Intrapartumstillbirthrateper1000livebirths

forbirthweight1000gunlessnoted

Region Place Data Stillbirth Case Number Stillbirth Intrapartum
GBD  collectionand definition definitionof ofstill- rate stillbirthrate
subregion  attributionof abstracted intrapartum births forbirth per1000live
  causeofdeath  stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

Latin Jamaica,whole Deathcertificates, Gestational Wigglesworth 1119 21 9.2
America/ island(25–27) notesreview,expert age28 classification.
Caribbean  assessment.50% weeks Intrapartum
AmroB  hadpostmortems,  hypoxia
(continued)  1986–1987

 Paraguay Prospectivehospital- Gestational Intrapartum 1252 34a 4.1a
 hospital-based basedperinatal age20 stillbirths
 surveillance surveillancein308 weeks
 mainlyinurban hospitalsin18Latin
 areas(20,21) Americancountries,
  1995–1997

 Trinidadand Prospective Gestational Modified 151 15a 6.0a
 Tobago, auditinhospital, age28 Wigglesworth.
 StAugustine 1993–1998 weeksor Obstetric
 city(28)  birthweight complications
   1000g inlaboursuch
    ascordcom-
    plications,“fetal
    distress”,APH

 Uruguay, Prospectivehospital- Gestational Intrapartum 1450 26c 3.1
 hospitalsmainly basedperinatal age20 stillbirths   (20weeks)
 inurbanareas surveillancein308 weeks
 (20,21) hospitalsin18Latin
  Americancountries,
  1995–1997

 Venezuela, Prospectivehospital- Gestational Intrapartum 1455 22c 2.6
 hospitalsmainly basedperinatal age20 stillbirths   (20weeks)
 inurbanareas surveillancein308 weeks
 (20,21) hospitalsin18Latin
  Americancountries,
  1995–1997

Latin Bolivia,hospitals Prospectivehospital- Gestational Intrapartum 740 44a 5.3a

America mainlyinurban basedperinatal age20 stillbirths   (20weeks)
AmroD areas(20,21) surveillancein308 weeks
  hospitalsin18Latin
  Americancountries,
  1995–1997

 Ecuador, Prospectivehospital- Gestational Intrapartum 413 20 2.4
 hospitalsmainly basedperinatal age20 stillbirths
 inurbanareas surveillancein308 weeks
 (20,21) hospitalsin18Latin
  Americancountries,
  1995–1997

 Guatemala,4 Community-based Gestational Acuteobstetric 101 25 12.8
 rural,predomi- surveillance.Verbal age28 causesincluding
 nantlyIndian autopsyandexpert weeks prolongedlabour,
 communities opinion,December  cordaccidents.
 (29) 1997–May1998  Excludingcon-
    genitalabnor-
    malitiesand
    chronicpathology

Middle Bahrain,whole Prospectivehospital- Gestational Aberdeen 355 12.0a 3.6a
East island(30) basedperinatal age22 classification.
EmroB  surveillancein3 weeks Mechanical
  hospitalsand3  causesinlabour,
  maternityunits,  APH.Excluding
  1985–1987  congenital
    abnormalities

(TableA.1,cont.)
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Region Place Data Stillbirth Case Number Stillbirth Intrapartum
GBD  collectionand definition definitionof ofstill- rate stillbirthrate
subregion  attributionof abstracted intrapartum births forbirth per1000live
  causeofdeath  stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

Middle Jordan,Irbid, Prospectivehospital- Gestational Intrapartum 124 15.0 4.1
East NorthJordan basedperinatal age28 death,cord
EmroB (31) surveillance, weeks prolapse,APH.
(continued)  1991–1992  Congenital
    abnormalities
    excluded

 Jordan,Irbid, Prospectivehospital- Gestational Intrapartum 107 11.0 2.9
 NorthJordan basedperinatal age28 asphyxia
 (32) surveillance, weeksor
  1994–1995 birthweight
   1000g

 LibyanArab Prospectivehospital- Notspecified Freshintra- 160 12.0 5.4
 Jamahiriya, basedperinatal  partumstillbirth.
 BenghaziCity surveillancein3  Obstetriccauses,
 (33,34) hospitals,1984data  prolongedlabour,
    cordaccidents,
    APH,hypoxia.
    Congenital
    abnormalities
    excluded

 Lebanon, Prospectivehospital- Gestational Cordprolapse, 72 16 3.5
 SouthBeirut basedperinatal age28 ruptureduterus,
 hospital(35) surveillance.Year weeksor abruption
  ofdatacollection birthweight placenta.
  notgiven, 1000g Congenital
  published1998  abnormalities
    excluded

 SaudiArabia, Prospectivehospital- Gestational Aberdeen 77 9.6a 3.1a
 Al-KhobarCity basedperinatal age28 classification.
 (36) surveillance, weeksor Intrapartum
  1981–1985 birthweight asphyxia,birth
   1000g trauma,APH.
    Congenital
    abnormalities
    excluded

 SaudiArabia, Prospectivehospital- Birthweight Cord 22 22.0a 9.1a
 Al-Majma-ah basedperinatal 500g complications
 city,Riyadh surveillance,1986  andAPH
 region(37)

 SaudiArabia, Prospectivehospital- Gestational Intrapartum 27 18.0 6.6
 hospital(38) basedperinatal age28 stillbirths
  surveillance, weeks
  1979–1980

Middle Egypt,investi- Verbalautopsyand Birthweight Asphyxial 93 19.0 6.4
East gationofall committeeexpert 1000g conditions
EmroD perinataldeaths opinion,2000  developingin
 identifiedin   labour,and
 nationalstrati-   birthinjuries
 fiedsamplefor   (adapted
 DHSsurvey(39)   Wigglesworth)

 Pakistan,Lahore. Verbalautopsy Gestational Labour 36 24.0 14.0
 Community- (2independent age28 complications
 based,4samples doctors).Median weeksor
 ofdiffering year1984 birthweight
 socioeconomic  1000g
 status(40,41)

(TableA.1,cont.)
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Region Place Datacollection Stillbirth Case Number Stillbirth Intrapartum
GBD  andattribution definition definitionof ofstill- rate stillbirthrate
subregion  ofcauseofdeath abstracted intrapartum births forbirth per1000live
    stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

Europe Denmark,whole Nationalbirth Gestational Nordic-Baltic 378 5.6 0.44
EuroA country(42) registrydataplus age28 classification.
  detailedauditin weeks Intrapartum
  European  deaths
  collaborative
  project1996data

 Norway, Countyperinatal Gestational Nordic-Baltic 171 4.7 0.33
 Nordlandcounty auditcommittee age28 classification.
 (43) withhighcoverage weeks Intrapartum
  ofpostmortems,  deaths
  1986–1996

 Norway, Countyperinatal Gestational Intrapartum 282 4.0 1.1
 Tromscounty auditcommittee age20 stillbirthswith (for1992–
 (44) withhighcoverage weeks cross-tabulations 1997)
  ofpostmortems,  allowing
  1992–1997  restrictionto
    1000g

 Sweden, Countyperinatal Gestational Intrapartal 188 5.3 1.0
 Stockholm datacollection, age22 asphyxia,cord
 county(45) allfetaldeaths, weeks complications,
  1998–1999  APH,allowing
    infection
    comorbidity,
    butnotIUGR

 UK,England, Confidentialnational Gestational Intrapartum 2927 4.5 0.62
 Walesand reportingsystem age24 deaths,birth  (4.9for24 (1.23if
 NorthernIreland withhighcoverage weeks,but weight1000g  weeksof APHis
 (46) ofpostmortems, alsoreports excludingcon-  gestation) included)
  1999data birthweight genitalabnor-
   1000g malities,plus
    APH,plusme-
    chanicalcauses

 UK,Scotland Confidential Gestational Intrapartum 205 3.6 0.56
 (47) reportingsystem age24 deaths,birth  (5.6for24 (1.16if
  withhighcoverage weeks,but weight1000g  weeksof APHis
  ofpostmortems, alsoreports excludingcon-  gestation) included)
  1998data birthweight genitalabnor-
   1000g malities,plus
    birthtrauma

 UK,Wales(48) Perinatalsurvey Gestational Intrapartum 608c 5.7a 0.58a

  ofallofWales, age20 stillbirthwith   (1500g)
  1993–1995 weeks birthweight
    1500g

Europe Turkey,29 Prospectivehospital- Gestational Modified 1664 18.0a 2.0a
EuroB centresin6main basedperinatal age22 Wigglesworth
 regions(49) surveillance,1999 weeks classification,
    perinatal
    asphyxia

Europe Latvia,national Nationalauditbased Gestational Nordic-Baltic 257 10.0 1.1
EuroC perinatalaudit onmedicalrecords age28 classification,
 (50) ofallperinatal weeks intrapartum
  deaths,1995–1996  deathafter
  data  admission

 Lithuania,whole Obstetricand Gestational Nordic-Baltic 674 11 1.6
 country(51) neonatalrecordsand age28 classification.
  comparedwithVR weeks Intrapartum
  data1993–1994  deathafter
    admission

(TableA.1,cont.)
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(TableA.1,cont.)

Region Place Data Stillbirth Case Number Stillbirth Intrapartum
GBD  collectionand definition definitionof ofstill- rate stillbirthrate
subregion  attributionof abstracted intrapartum births forbirth per1000live
  causeofdeath  stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

Europe Ukraine, Ukrainianbirth Gestational Nordic-Baltic 610 8.7 1.2
EuroC Donetskregion registerforstillbirths age22 classification.
(continued) (42) andearlyneonatal weeks Intrapartum
  deaths.Hospital  deathafter
  deliveryrecords,  admission
  1997–1998data

EastAsia/ SriLanka, Retrospective Notspecified Intrapartum 137 18 3.4
Pacific Colombo(52) hospital-basedperi-  stillbirthsexclud-
SearoB  natalsurveillancein  ingcongenital
  3hospitals,1993  abnormalities

 Thailand, Prospectivehospital- Birthweight Freshstillbirths 165 14 4.1
 Bangkok(53) basedperinatal 1000g excluding
  surveillance,  congenital
  1983–1987  abnormalities

 Thailand, Prospectivehospital- Birthweight Freshstillbirths 863 8.5 4.4
 ChangRai(54) basedperinatal 1000g excluding
  surveillance,  congenital
  1992–1994  abnormalities

SouthAsia Bangladesh Community-based Gestational Prolonged 2213 37.0 11.8
SearoD ruralICCDR,B surveillance, age28 labour/
 (Matlab)(55) verbalautopsy, weeks malpresentation
  1979–1986

 Bangladesh Community-based Gestational Acute 53 28.0 8.4
 ruralManikganj surveillance, age28 intrapartum
 district(56,57) verbalautopsy, weeks events
  1991–1993

 Indiarural Prospective Birthweight “Asphyxia” 90 28.0 15.0
 Maharashtra community-based 1000g
 state(58) datacollection
  (pre-intervention
  populationreported).
  Verbalautopsy

 Indiarural Verbalautopsy, Notspecified Perinatal 46 19.0 8.0
 UpperAssam 1995  hypoxia,compli-
 (59)   cateddelivery

 India,rural, Prospective Birthweight Trauma/ 39 39.0 9.8
 nearPatna, community-based 1000g abnormal
 Bihar,India(60) datacollection  labour/APH
  1993–1995,
  verbalautopsy(61)

 India,rural Prospective Notspecified Prolonged 25 26.0 7.3
 UttarPradesh, community-based  labour
 LucknowDistrict datacollection.
 (62,63) Verbalautopsy,
  1987–1988

 India,rural Prospective Notspecified. Prolonged 14 21.0 10.2
 Vallabhnagar, community-based Cross-tabulation secondstage,
 Udaipur(64) datacollection. byweightstarts abnormal
  Verbalautopsy. at2000g presentation,
  Medianyear1980  birthinjury.
    Congenital
    abnormalities
    andlow
    birthweight
    excluded
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(TableA.1,cont.)

Region Place Data Stillbirth Case Number Stillbirth Intrapartum
GBD  collectionand definition definitionof ofstill- rate stillbirthrate
subregion  attributionof abstracted intrapartum births forbirth per1000live
  causeofdeath  stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

SouthAsia India,25 Prospective Notspecified Intrapartum 36 37.0 14.4
SearoD Anganwadi community-based  hypoxia,
(continued) centresofurban datacollection.  excluding
 Lucknow(63) Verbalautopsy,  toxaemiaand
  1992–1993  anaemia

 Nepal,rural Hospitalrecords, Gestational “Intrapartum 44 34.0 15
 community, plusverbalautopsy age28 asphyxia”based
 Jumla,(65) ifdeathoccurredat weeksor onAberdeen
  home,1989–1990 birthweight classification
   1000g

 Nepal,rural Hospitalrecords, Gestational “Intrapartum 11 40.0 19
 Lalitpur(65) plusverbalautopsy age28 asphyxia”based
  ifdeathoccurredat weeksor on“Aberdeen
  home,1989–1990 birthweight classification”
   1000g

Oceania Australia, Nationalminimum Birthweight Intrapartum 1304c 5.2 0.62
WproA national perinataldataset 400g deathswith  (8.3for (1.0for
 perinataldata reporteddirectlyto  documented  400g) 400g)
 collection(66) perinatalsurveillance  heartrate
  system,2000  beforeonset
    oflabour

 Australia,State State-wide Legaldefinition Hypoxic 262 6.4a 0.74a
 ofVictoria(67) surveillance,2000 400g, peripartum
   alsoreported death,APH
   500g

 Singapore, Expertconfidential Notstated, Mechanical, 121 4.0a 1.5a
 Womenand reviewofallstill- apparently APH,acute
 Children’s birthsforsuboptimal >500g intrapartum
 Hospital(68) care,1995–1996 intables event,unex-
    plainedintra-
    partumdeath

Pacific China,11cities Prospectivehospital- Gestational Nanjing 1140 13.0 8.8
WproB inJiangsu basedperinatal age28 perinatalclassifi-
 province(69) surveillancein66 weeks cation.Fetal
  hospitals,1981  hypoxiainclud-
    ingcordfactors,
    maternaland
    placental
    complications

 China,urban Prospectivehospital- Gestational Intrapartum 608 8.0 2.0
 andrural, basedperinatal age28 death
 Shanghai surveillance.Strati- weeksor
 municipality(70) fiedrandomsample birthweight
  of29hospitals, 1000g
  1986–1987

 Malaysia,3 Prospectivehospital- Gestational Adapted 298 12.0 3.2
 districtsinPenin- basedperinatal age28 Wigglesworth.
 sularMalaysia, surveillance,October weeks Stillbirthwith
 1fromEast 1990–1991  “asphyxial
 Malaysia(71)   conditions”

 Papua Prospectivehospital- Gestational Acute 249 22.0 4.2
 NewGuinea, basedperinatal age28 intrapartum
 PortMoresby surveillance, weeksor eventssuchas
 (72) 1995–1997 birthweight cordaccidents
   1000g andAPH,
    “acute
    intrapartum
    hypoxia”
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(TableA.1,cont.)

Region Place Data Stillbirth Case Number Stillbirth Intrapartum
GBD  collectionand definition definitionof ofstill- rate stillbirthrate
subregion  attributionof abstracted intrapartum births forbirth per1000live
  causeofdeath  stillbirths  weight birthsfor
    abstracted  1000g birthweight
      unless 1000g
      noted unlessnoted

Pacific Vanuatu, Prospectivehospital- Birthweight Asphyxiaand 23 14.0a 5.4a
WproB Vila(73) basedperinatal 500g cordaccidents
(continued)  surveillance,1992

Total 73populations – – – Cumulative – –
 52countries    samplesize
     46779

GBD,Globalburdenofdisease;VR,vitalregistration;APH,antepartumhaemorrhage;ICD,InternationalClassificationofDiseases;DHS,demographichealthsurveys;
IUGR,intrauterinegrowthretardation;ICDDR,B,InternationalCentreforDiarrhoealDiseaseResearch,Bangladesh;Afro,WHOAfricanRegion;Amro,WHORegionof
theAmericas;Emro,WHOEasternMediterraneanRegion;Euro,WHOEuropeanRegion;Searo,WHOSouth-EastAsiaRegion;Wpro,WHOWesternPacificRegion.

Note:ifthepublicationwasnotreferringtostillbirthsafter28weeksofgestationorappliedacasedefinitiondifferenttothestandardusedfortheseestimates,
thenthenumbersinthetablemaydifferfromthereportedratesorproportionsaswere-calculatedwherepossibletoincreasecomparabilityacrossstudies.
aStillbirthsnumber/ratenotbasedondefinitionof28weeksofgestationorbirthweight1000g.
bThismayincludesomechronicplacentalconditionsasthereporteddatadidnotspecifytheirexclusion.
cRatereportedinthepublicationincludedstillbirthsandneonataldeathsattributedtointrapartumevents.Wehaveincludedonlytheintrapartumstillbirthsin
 ouranalysis.
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TableA.2.Summaryof46publications,studiesandreportsfrom30countrieswithoutcompletecoverageofvitalregistration
(VR)thatprovidedinformationontheproportionofneonataldeathsduetoneonatalencephalopathyand/orrelatedtoacute
intrapartumeventsorattributeddirectlyto“birthasphyxia”(cumulativesamplesizeof12355)

Region Placeandlevel Casedefinition(method No.ofneonatal NMRper Percentageof
GBDsubregion ofdatacollection ofcauseattribution) deathswith 1000live NMRrelated
(numberofcountries   causeofdeath births tointrapartum
withVRdataincluded)   reported  events

Sub-SaharanAfrica Gambiaruralcommunity, Earlyneonataldeath 134(singleton 39.0 13.0a
AfroD upperriverdivision. followingcomplicatedlabour cases)
 Nestedcase–control lasting>24hours(VA)
(VR,1country) study(1254total
 neonataldeaths)(74)

 Guinea,Mandiana Birthasphyxia(VA) 97 50.0 24.0
 prefecture,Haute
 Guinée(75)

 Nigeria,Nkorural Birthasphyxia(VA) 24 38.0 21.0
 community,
 CrossRiverState(76)

 Senegal(77) Complicationsoflabour(VA) 33 36.0 12.0

Sub-SaharanAfrica Ethiopia,3districtsin Birthinjury/asphyxia(VA) 48 53 25.5
AfroE NorthGondar
 Admin.zone,Amhara
(VR,nocountries) region(78)

 Malawi,Lungwenarural Abnormaldelivery(VA) 28 37.0 22.0
 community(6–8)

 SouthAfrica,CapeTown Hypoxia,birthtrauma 248 10.0 26.0
 metropolitanarea(11) (perinataldatabase,medical
  records,postmortems)

 SouthAfrica,CapeTown Fetalhypoxiaandtrauma 253 12.0 16.0
 metropolitanarea(79) (perinataldatabase,medical
  records,postmortems)

 UnitedRepublicof Asphyxia-relatedconditions 71 22.0 24.0
 Tanzania,ruralcommunity, excludingcongenital
 MbuluandHanang malformationsandimmaturity
 districts(14,15)

 Zimbabwe,Harare,3 Intrapartumasphyxia,birth 708 – 22.0b
 metropolitanareahospitals, weight1500g,excluding
 maternityclinicsandall congenitalabnormalities
 registereddeaths,police (hospitalandpolicerecords,
 reportsaccountingfor expertopinion)
 95%ofbirths(80)

LatinAmerica/ Brazil,Municipality Asphyxia/birthinjuries(death 138 17 33.0
Caribbean ofCenter-Westregion certificates/hospitalnotes)
AmroB SãoPaulo(81)

 Jamaica,allbirthsin Wigglesworthdefinition 185 18.0 35.0
(VR,7countries) 1-yearperiod(82) (deathcertificates/hospital
  notes.Morethan50%had
  postmortem)

 Paraguay,Deptde ICDcodes(deathcertificates) 3638 20.0 35.0
 Bioestrdisticadata(83)

LatinAmerica/ Bolivia,ElAlto Asphyxia(VA,expertopinion) 79 47.0 36.7
Caribbean community(84)

AmroD Guatemalarural Asphyxiawithspecified 36 37.0 22.0
 community(29) intrapartumevent.Prematurity/
(VR,nocountries)  congenitalabnormalities
  excluded,comorbiditywith
  infectionallowed
  (VA,expertopinion)

 Nicaragua,Nicaragua Asphyxia(hospitalrecords, 72 12.0 19.4
 CityHospital(85) expertreview)
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Region Placeandlevel Casedefinition(method No.ofneonatal NMRper Percentageof
GBDsubregion ofdatacollection ofcauseattribution) deathswith 1000live NMRrelated
(numberofcountries   causeofdeath births tointrapartum
withVRdataincluded)   reported  events

MiddleEast Bahraincity, ICDcodes(deathcertificates/ 228 7.8 11.4
EmroB population-based(30) hospitalrecords)

 Bahraincity, ICDcodes(deathcertificates/ 61 6.4 19.7
(VR,2countries) population-based(86) hospitalrecords)

 Kuwait,Farwania, Birthasphyxia – 7.9 18.0
 hospital(87)

 Lebanon,SouthBeirut, Parapartumhypoxia 22 – 15.0b
 hospital(35)

 LibyanArabJamahiriya, Birthasphyxiaandinjury 245 – 14.0
 Benhazicity(33,34)

 SaudiArabia,AlKhobar Asphyxia,trauma, 78 12.0 18.0
 hospital(36) antepartumhaemorrhage
  (hospitalrecords)

 SaudiArabia,Assirregion, Asphyxia(hospitalrecords) 184 9.6 11.4
 hospital(88)

 UnitedArabEmirates, Asphyxialconditions 54 6.7 13.2
 Al-Aindistricthospitals(89) (hospitalrecords)

MiddleEast Egypt,followupof Asphyxialconditions 117 250 20.4
EmroD perinataldeathsidentified developinginlabourand
 inDHSsurveysampling birthinjuries
(VR,nocountries) wholecountry(39) (VAandexpertopinion)

 Egypt,BeniSuefprovince, Mechanicalandanoxic 41 49.0 13.0
 UpperEgypt(90) traumaduringlabour/
  delivery(VA)

 Pakistan,Lahore, Asphyxianeonatorumand 80 54.0 28.0
 4communitiesofdiffering birthtrauma(VA)
 socioeconomicstatus
 (40,41)

 Pakistan,ruralNorth-West Birthasphyxia/birthinjuries, 649 57.0 18.5c
 Frontier,Balochisan, convulsionsinfirstdayof
 FATAprovinces(91) life(VA)

EastAsia/Pacific Indonesia,national ICDcodingcategories(VA) 180 35.0 28.0
SearoB representativesample(92)

 SriLanka,2hospitalsin Birthasphyxia 120 15 20.0
(VR,nocountries) Colombo(52) (hospitalrecords)

 SriLanka,Galledistrict(93) Birthtrauma,asphyxia, 253 23.0 20.6
  aspiration(deathcertificates,
  hospitals,clinics)

 SriLanka,HealthUnit Birthasphyxia(expertopinion, 51 18.0 19.6
 Kopay,Jaffnadistrict(94) hospital/otherrecords)

 Thailand,3provinces Birthasphyxia(VA) 26 11.0 15.3a
 (Narathiwat,Yala,Pattani)   (ENMR)
 (95)

 Thailand,BangPa-In Asphyxia,birthtrauma(VA, 27 31.0 22.7
 district,centralThailand(96) hospitalrecords,postmortems)

SouthAsia Bangladesh,rural Birthinjury(VA) 69 70.0 17.0
SearoD communityICCDR,B
 (Matlab)(97)

(VR,nocountries) Bangladeshrural Labourcomplications(VA) 210 38.0 25.0a
 communityICCDR,B   (ENMR)
 (Matlab)(55)

 India,ruralcommunity Severeasphyxia:5minsafter 36 40.0 22.0
 Gadchirolidistrict, birthbreathingslow,weak,
 Maharashtrastate(98,99) gasping(VA)

(TableA.2,cont.)
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Region Placeandlevel Casedefinition(method No.ofneonatal NMRper Percentageof
GBDsubregion ofdatacollection ofcauseattribution) deathswith 1000live NMRrelated
(numberofcountries   causeofdeath births tointrapartum
withVRdataincluded)   reported  events

SouthAsia India,ruralcommunity Labourcomplications(VA) 75 52.0 18.0
SearoD Maharashtrastate(100)

(continued) Indiaruralcommunity Birthinjury/fetalasphyxia 82 22.0 16.0a
 Maharashtrastate(101) duringlabour(VA)  (ENMR)

 India,ruralcommunity Perinatalasphyxiaandbirth 113 46.0 11.0
 UpperAssam(59) injuries(VA)

 India,ruralcommunity Labourcomplications(VA) 103 – 24.0a
 UttarPradesh(62)

 India,Patna,urbanand Birthinjury/asphyxia(VA) 1000 44.0 26.0
 rural(61)

WesternPacific China,urbanandrural Intrapartumhypoxia 526 7.0 22.3b
WproB Stratifiedrandomsample (hospitaldata)  (ENMR)
 of29hospitalsinShanghai
(VR,nocountries) municipality(70)

 China,ethnicpopulations Labourcomplications(expert 1845 – 25.0
 inGuizhouprovince(102) opinion,deathcertificates,
  otherrecords)

 China,Shunyi Labourcomplications(expert 27 14.0 37.0
 township(103) opinion,deathcertificates,
  otherrecords)

 Malaysia,hospitalin Birthasphyxiaandmeconium 61 8.7 15.0
 Kelantanstate(104) aspirationsyndrome
  (hospitalrecords)

Total 30countries,46studies – Cumulative – –
 (additional48countries  sample
 withVRdata,97297  size12355
 neonataldeaths)

GBD,Globalburdenofdisease;NMR,neonatalmortalityrate;VA,verbalautopsy;ICD,InternationalClassificationofDiseases;FATA,FederallyAdministeredTribal
Areas;ENMR,earlyneonatalmortalityrate.DHS,DemographicHealthSurveys;ICCDR,B,InternationalCentreforDiarrhoealDiseaseResearch,Bangladesh;Afro,
WHOAfricanRegion;Amro,WHORegionoftheAmericas;Emro,WHOEasternMediterraneanRegion;Euro,WHOEuropeanRegion;Searo,WHOSouth-EastAsia
Region;Wpro,WHOWesternPacificRegion.

Note:ifthepublicationappliedacasedefinitiondifferenttothestandardusedfortheseestimates,thenumbersinthetablemaydifferfromthereportedratesor
proportionsaswere-calculatedwherenecessarytoallowcomparabilityacrossstudies.
aPublicationreports3%provenperinatalhypoxia(casedefinitionnotgiven)but17(13%)ofcasesdiedaftercomplicatedlabourlastingover24hourssothe
 latterproportionwasappliedandmaystillbeanunderestimateasitdoesnotincludesuddeneventssuchasantepartumhaemorrhage.
bProportionadjustedtoallneonataldeathsfromearlyneonatalproportionassumingthatnodeathsrelatedtoacuteintrapartumeventsoccurredinthelate
 neonatalperiodandthat74%ofneonataldeathsoccurredinthefirstweek(globalaverage).
cPublicationreports12%.Personalcommunicationwithauthor(FikreeF,May2003)providedunpublishedinformationtoredistributecategoriesofcausesofdeath
 basedonsymptoms(e.g.convulsions,cyanosis).

(TableA.2,cont.)
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TableA.3.RegionalepidemiologicalanalysiscategoriesforGlobalBurdenofDisease(GBD)2000project:GBDregionsand17
subregions

GBD Reporting WHOMemberStates
region subregion

AFRO AFROD Algeria,Angola,Benin,BurkinaFaso,Cameroon,CapeVerde,Chad,Comoros,EquatorialGuinea,
  Gabon,Gambia,Ghana,Guinea,Guinea-Bissau,Liberia,Madagascar,Mali,Mauritania,Mauritius,
  Niger,Nigeria,SaoTomeandPrincipe,Senegal,Seychelles,SierraLeone,Togo

 EMROD Djibouti,Somalia,Sudan

AFRO AFROE Botswana,Burundi,CentralAfricanRepublic,Congo,Côted’Ivoire,DemocraticRepublicoftheCongo,
  Eritrea,Ethiopia,Kenya,Lesotho,Malawi,Mozambique,Namibia,Rwanda,SouthAfrica,Swaziland,
  Uganda,UnitedRepublicofTanzania,Zambia,Zimbabwe

AMRO AMROA Canada,UnitedStatesofAmerica

AMRO AMROB AntiguaandBarbuda,Argentina,Bahamas,Barbados,Belize,Brazil,Chile,Colombia,CostaRica,
  Dominica,DominicanRepublic,ElSalvador,Grenada,Guyana,Honduras,Jamaica,Mexico,Panama,
  Paraguay,SaintKittsandNevis,SaintLucia,SaintVincentandtheGrenadines,Suriname,Trinidadand
  Tobago,Uruguay,Venezuela

 AMROA Cuba

AMRO AMROD Bolivia,Ecuador,Guatemala,Haiti,Nicaragua,Peru

EMRO EMROB Bahrain,Cyprus,Iran(IslamicRepublicof),Jordan,Kuwait,Lebanon,LibyanArabJamahiriya,Oman,
  Qatar,SaudiArabia,SyrianArabRepublic,Tunisia,UnitedArabEmirates

EMRO EMROD Egypt,Iraq,Morocco,Yemen

EURO EUROA Andorra,Austria,Belgium,Croatia,CzechRepublic,Denmark,Finland,France,Germany,Greece,
  Iceland,Ireland,Israel,Italy,Luxembourg,Malta,Monaco,Netherlands,Norway,Portugal,SanMarino,
  Slovenia,Spain,Sweden,Switzerland,UnitedKingdom

EURO EUROB Albania,BosniaandHerzegovina,Bulgaria,Georgia,Poland,Romania,Slovakia,theformerYugoslav
  RepublicofMacedonia,Turkey,Yugoslavia

EURO EUROB Armenia,Azerbaijan,Kyrgyzstan,Tajikistan,Turkmenistan,Uzbekistan

EURO EUROC Belarus,Estonia,Hungary,Kazakhstan,Latvia,Lithuania,RepublicofMoldova,RussianFederation,
  Ukraine

SEARO SEAROB Indonesia,SriLanka,Thailand

 WPROB Malaysia,Philippines

 WPROA BruneiDarussalam,Singapore

SEARO SEAROD Bangladesh,Bhutan,India,Maldives,Nepal

 EMROD Afghanistan,Pakistan

WPRO WPROA Australia,Japan,NewZealand

WPRO WPROB China,Mongolia,RepublicofKorea

 SEAROD DemocraticPeople’sRepublicofKorea

WPRO WPROB Cambodia,LaoPeople’sDemocraticRepublic,VietNam

 SEAROD Myanmar

WPRO WPROB CookIslands,Fiji,Kiribati,MarshallIslands,Micronesia(FederatedStatesof),Nauru,Niue,Palau,
  PapuaNewGuinea,Samoa,SolomonIslands,Tonga,Tuvalu,Vanuatu

AFRO,WHOAfricanRegion;AMRO,WHORegionoftheAmericas;EMRO,WHOEasternMediterraneanRegion;EURO,WHOEuropeanRegion;SEARO,WHO
South-EastAsiaRegion;WPRO,WHOWesternPacificRegion.
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