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EPORTS FROM INDUSTRIALIZED
countries have demonstrated
decreases in the rates of peri-
natal mortality during the last
2 decades.'* Much of the reduction in
perinatal mortality is associated with ad-
vances in the management of infants de-
livered preterm.>® Mortality among US
infants with a birth weight between 501
and 750 g decreased from approxi-
mately 60% in 1991 to less than 50%
in 1997-2002.° At term, after exclu-
sion of antepartum stillbirth and peri-
natal death due to fetal abnormality,
most intrapartum and neonatal deaths
are associated with intrapartum an-
oxia.”® There are some data to suggest
reduced rates of these deaths.">'° How-
ever, interpretation of these data are
complex, because no studies use data
sets that combine detailed informa-
tion on key obstetric characteristics,
such as gestational age, presentation,
and mode of delivery, and the key char-
acteristics of the loss (cause and tim-
ing of the death)."*'°
A previous study in the United King-
dom used birth weight of more than
2500 g as a proxy for infants born at term
and demonstrated reduced rates of in-
trapartum stillbirth but unchanged rates
of neonatal death ascribed to intrapar-
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Context Rates of obstetric intervention in labor, including cesarean delivery, have
increased significantly in most developed countries. It is, however, unclear if this has
been paralleled by decreased rates of perinatal and neonatal death associated with
complications of labor at term.

Objectives To determine whether rates of perinatal death at term, either during labor
or in the neonatal period, have changed in Scotland during the last 20 years and whether
this was associated with a reduction in deaths ascribed to intrapartum anoxia.

Design, Setting, and Participants A population-based, retrospective cohort study
of linked data from a registry of births (Scottish Morbidity Record 02) and a registry of
perinatal deaths (Scottish Stillbirth and Infant Death Survey) between 1988 and 2007.
Participants included all births of a singleton infant in a cephalic presentation at term
(N=1012266), excluding those with perinatal death due to congenital anomaly or
antepartum stillbirth.

Main Outcome Measure Delivery-related perinatal death, defined as intrapar-
tum stillbirth or neonatal death unrelated to congenital abnormality. These events were
also subdivided into those events ascribed to intrapartum anoxia and all other causes.
The risk of death was modeled using logistic regression and analyses were adjusted
for maternal age, height, parity, socioeconomic deprivation status, gestational age,
birth weight percentile, fetal sex, onset of labor, and the annual number of births per
hospital.

Results During the study period, the risk of delivery-related perinatal death de-
creased from 8.8 to 5.5 per 10000 births (unadjusted change, —38%; 95% confi-
dence interval [Cl], -51% to —21%). When analyzed by the cause of death, there
was a significant decrease in the risk of death ascribed to intrapartum anoxia (5.7 to
3.0 per 10000 births; unadjusted change, -48%; 95% Cl, -62% to —29%), but no
significant change in the risk of death ascribed to other causes. When deaths ascribed
to intrapartum anoxia were analyzed by the time of death in relation to delivery, the
reduction was similar comparing intrapartum stillbirths (2.6 to 1.1 per 10 000 births;
unadjusted change, -60%; 95% Cl, =75% to —34%) and neonatal deaths (3.1 to 1.9
per 10000 births; unadjusted change, -38%; 95% Cl, -59% to -7 %). Adjustment
for maternal, fetal, and obstetric factors was without material effect.

Conclusion Rates of intrapartum stillbirth and neonatal death at term decreased in
Scotland between 1988 and 2007. This decrease was only significant for deaths as-
cribed to intrapartum anoxia.
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tum anoxia.' A previous study of 3 hos-
pitals in Dublin, Ireland, also demon-
strated a decrease in intrapartum fetal
death among singleton infants in a ce-
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phalic presentation at term from
approximately 9 per 10000 births in
1979 to 1 to 2 per 10 000 births in 2001-
2003.'° However, this study lacked
information on neonatal death. Nei-
ther study adjusted for variation in
maternal characteristics such as age and
parity."1°

We have previously used nationally
collected data from Scotland to ana-
lyze risk factors for antepartum still-
birth and delivery-related perinatal
death #"12 However, our previous work
did not address secular trends in these
events. In this study, we used data from
more than 1 million singleton births of
an infant in a cephalic presentation at
term during a 20-year period in Scot-
land and sought to determine (1) the
trend of delivery-related perinatal death,
(2) whether any decrease was associ-
ated with a reduction in the number of
deaths ascribed to intrapartum an-
oxia, and (3) whether observed changes
in rates of death were related to changes
in associated maternal, infant, and ob-
stetric factors.

METHODS
National Registers

The Scottish Morbidity Record 02
(SMRO02) database collects information
on clinical and demographic character-
istics and outcomes of all patients dis-
charged from Scottish maternity hospi-
tals. The register is subjected to regular
quality assurance checks and has been
more than 99% complete since the late
1970s." A quality assurance exercise
performed in 1996-1997 compared 5%
of case records (n=1414) with the
SMRO2 database during a 6-month pe-
riod. This exercise demonstrated that all
fields used in our study had less than 2%
errors, with the exception of maternal
height (4.4%), estimated gestation
(5.6%), and induction of labor (6.4%).!

Records of singleton births from the
SMRO2 database between 1988 and
2007, inclusive, were linked to the Scot-
tish Stillbirth and Infant Death Survey
(SSBIDS), a national registry that rou-
tinely classifies all perinatal deaths in
Scotland. Coding of the cause of death
is performed by a single medically quali-
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fied individual (the Scottish coordina-
tor) in the Information and Statistics Di-
vision of the National Health Service on
the basis of the clinical information ob-
tained from the local coordinators and
pathologists. Cases are identified
through registration of stillbirths and
neonatal deaths with the General Reg-
istrar’s Office, which is a legal require-
ment following perinatal death. The
register is 100% complete when com-
pared with the death certificate data-
base and has been described in detail
elsewhere.'*!> Approval for the record
linkage was provided by the Privacy Ad-
visory Commiittee of the Information
and Statistics Division of the National
Health Service Scotland.

Study Design and Participants

The study design is a population-
based, retrospective cohort study com-
posed of all singleton infants in a ce-
phalic presentation delivered at term
between 1988 and 2007. The exclu-
sion criteria were multiple pregnancy,
antepartum stillbirth, perinatal death as-
cribed to congenital abnormality or Rh
isoimmunization, delivery outside 37
to 43 weeks’ gestation, records with un-
known mode of delivery, and deliver-
ies in units with fewer than 10 deliv-
eries per year.

Main Outcome Measures

There were 2 prespecified main out-
comes: (1) delivery-related perinatal
death and (2) a subgroup of these events
in which the cause was ascribed to in-
trapartum anoxia. Delivery-related peri-
natal death was defined as intrapar-
tum stillbirth or neonatal death at term,
excluding deaths ascribed to congeni-
tal abnormality or Rh isoimmuniza-
tion. Intrapartum stillbirth was de-
fined as a stillbirth in which intrauterine
fetal death occurred following the on-
set of labor but before birth. Neonatal
death was defined as death during the
first 4 weeks of life in a liveborn in-
fant. Early neonatal death was defined
as death of a liveborn infant between
day 1 and day 7 (inclusive) of life where
the day of birth is counted as day 1. Late
neonatal death was defined as death of

a lifeborn infant between days 8 and 28
(inclusive) of life. Both early and late
neonatal deaths were included in the
analysis, because deaths due to events
in labor may occur beyond the early
neonatal period.'

The cause of stillbirth and neonatal
death was coded using a modification of
the Wigglesworth classification.'*!”
Deaths were classified according to di-
rect obstetric causes (in order): con-
genital abnormality, isoimmunization,
toxemia (preeclampsia/eclampsia), hem-
orrhage (antepartum), mechanical,
maternal, miscellaneous, and unex-
plained. Itis a hierarchical system which
dictates that a perinatal death where
there was severe preeclampsia compli-
cated by abruption would be ascribed to
toxemia because toxemia is above hem-
orrhage in the hierarchy. A death asso-
ciated with a grossly abnormal fetal heart
rate trace but without any of the above
antecedents would be classified as un-
explained obstetric cause. Intrauterine
growth restriction is not regarded as an
antecedent cause of death in the obstet-
ric classification. Deaths were also clas-
sified according to pediatric causes (in
order): congenital abnormality, isoim-
munization, intrauterine anoxia (sub-
divided into antepartum or intrapar-
tum), birth trauma, pulmonary
complications of prematurity, intracra-
nial hemorrhage, infection, hemor-
rhage (other than intracranial), miscel-
laneous, and unexplained (including
sudden infant death syndrome). Death
ascribed to congenital anomaly was de-
fined as any structural or genetic defect
incompatible with life or potentially
treatable but causing death.'” There-
fore, classification as death ascribed to
intrapartum anoxia was on the basis of
the pediatric classification and could be
associated with a variety of obstetric an-
tecedents. The definition of anoxia in
this classification is broad and includes
hypoxia, acidosis, and asphyxia.

We also performed an exploratory
analysis to determine the plausibility of
possible explanations of the trends ob-
served. This included analysis of the
trend in deaths ascribed to intrapar-
tum anoxia in relation to (1) timing of
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labor and (2) mode of delivery. We also
explored changes in the rate of deliv-
ery of liveborn infants with a 5-minute
Apgar score of less than 7 and ana-
lyzed the risk of neonatal death as-
cribed to intrapartum anoxia in this
group. All analyses involving Apgar
score were only performed on data be-
tween 1988 and 2003, inclusive, as in-
formation on Apgar score was less com-
plete after 2003. This was due to
systematic underreporting of Apgar
score from the Tayside region of Scot-
land. Missing data on Apgar score were
not imputed.

We adjusted analyses for maternal
age, parity, height, socioeconomic dep-
rivation, gestational age, fetal sex, birth
weight percentile, induction of labor,
and hospital throughput. All these char-
acteristics except the following were de-
fined as previously described.® Hospi-
tal throughput was defined as the total
number of births recorded in the
SMRO2 database for the given hospital
over the given year. Assisted vaginal de-
livery was defined as vaginal delivery
using either obstetric forceps or vacuum
(ventouse). Emergency cesarean deliv-
ery was defined as any cesarean that was
not scheduled in advance. It also in-
cluded emergency procedures per-
formed before the onset of labor and
procedures performed due to arrested
progress in labor in the absence of an
urgent indication for delivery (such as
fetal distress).

Statistical Analyses

Observed continuous variables were
summarized by the median and inter-
quartile range, and comparisons be-
tween groups were made by the Mann-
Whitney U test. Univariate comparisons
of dichotomous data were made by the
x* test. The risk of events was mod-
eled by using logistic regression. Lin-
earity of continuous variables in logis-
tic regression models, including time,
was tested by using fractional polyno-
mials. Because missing covariates were
likely to be missing at random and to
avoid a loss in efficiency, missing data
were imputed by using multiple impu-
tation by chain equations.'®' Five im-
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putations were created using a set of
appropriate imputation models con-
structed from all covariates and out-
come variables in their raw scale. Miss-
ing values for maternal age, height,
parity, socioeconomic deprivation sta-
tus, fetal sex, birth weight, and onset
of labor were imputed.

The modeled incidence of a given
event in 1988 and 2007 was estimated
from a univariate logistic regression
model with year as a continuous vari-
able, and these modeled values were
used to illustrate the absolute change in
incidence during the study period. Year
was entered into the model as a scaled
continuous variable in which 1988
equaled 0 and 2007 equaled 1. There-
fore, the logistic regression model
yielded an odds ratio (OR) for the given
outcome during the 20-year period. This
OR was then expressed as the percent-
age change over the study period,
[(OR-1) X 100]. Unadjusted and ad-
justed percentage changes were ob-
tained by using the unadjusted and ad-
justed OR, respectively. Therefore,
negative data indicated decreasing risk
and positive data indicated increasing
risk during the 20-year period. This was
also performed for analysis of Apgar
score, although this was confined to a
16-year period, to allow comparability
of the proportional changes. Given that
the primary outcome affected less than
0.1% of the population, odds and risk
will be virtually identical; therefore, the
terms are used interchangeably.

The Wald test was used to test the
interaction between mode of delivery
and the trend of delivery-related peri-
natal death during the study period.
Clustered analysis at hospital and ma-
ternal level was performed to deter-
mine whether accounting for cluster-
ing of deliveries in maternity units and
repeated deliveries to the same indi-
vidual significantly altered the results.
In the clustered logistic regression, uni-
variate analysis was performed on both
the whole population and the cases with
no missing data. Multivariate analysis
was only performed on those with com-
plete data, due to the computational dif-
ficulty of performing logistic regres-

sion with both multiple imputation and
clustered analysis in a data set of more
than 1 million. P values for all the hy-
potheses were 2-sided and the statisti-
cal significance was set at P<<.05. All
analyses were performed by using Stata
version 10.0 (StataCorp LP, College Sta-
tion, Texas).

RESULTS

The linked SMRO2 and SSBIDS data-
bases contained 1130375 records of
singleton births between 1988 and
2007. We excluded 68 646 records
(6.1%) because gestation was less than
37 weeks, 294 records (0.03%) be-
cause gestation was more than 43
weeks, and 2403 records (0.2%) with
missing data for gestation. Of the term
deliveries, we excluded 775 perinatal
deaths (0.1%) ascribed to congenital ab-
normality or Rh isoimmunization, 1659
antepartum stillbirths (0.2%), and
43 645 noncephalic deliveries (4.1%).
Most of the noncephalic deliveries were
cesarean deliveries (92.3%) and the
most common presentation was breech
(n=32160, 73.4%). We also excluded
283 records (0.03%) with unknown
mode of delivery, 398 records (0.04%)
because the deliveries were docu-
mented to have taken place in hospi-
tals delivering fewer than 10 women per
year, and 6 records (0.0005%) with in-
consistent perinatal death classifica-
tion. This resulted in a study cohort of
1012266 (some records had multiple
exclusions), which corresponded to
95.6% of all singleton term births in
Scotland between 1988 and 2007.
There were 719 delivery-related peri-
natal deaths (0.07%) during the study
period. This consisted of 219 intrapar-
tum stillbirths (30.5%) and 500 neo-
natal deaths (69.5%). The autopsy rate
was 66.2% (n=476) and did not sig-
nificantly vary during the study pe-
riod (P=.35). Of the 719 delivery-
related perinatal deaths, 432 (60.1%)
were ascribed to intrapartum anoxia
and 287 (39.9%) were ascribed to other
causes (TABLE 1). In 141 (32.6%) of the
deaths ascribed to intrapartum an-
oxia, there was a coexisting obstetric
event (eg, cord prolapse, severe pre-
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eclampsia, or placental abruption).
Neonatal deaths ascribed to intrapar-
tum anoxia occurred earlier than those
ascribed to other causes (FIGURE 1).
The characteristics of the cohort are
tabulated by outcome (TABLE 2).
Women with deliveries resulting in
death ascribed to intrapartum anoxia
were shorter, more likely to be primipa-
rous, deliver in smaller obstetric units,
and were less likely to live in areas of
either very high or very low socioeco-
nomic status. Women with deliveries re-
sulting in deaths ascribed to causes other
than intrapartum anoxia were younger
and more likely to have labor induced.
Women with either adverse outcome
were more likely to be delivered by
emergency cesarean and their infants
tended to be smaller. Perinatal death as-
cribed to intrapartum anoxia was posi-
tively associated with a longer dura-
tion of labor and assisted vaginal
delivery. There were no deaths as-
cribed to intrapartum anoxia among
women delivered by planned cesarean.
The absolute risk of delivery-
related perinatal death in the popula-
tion was 7.1 per 10000 births (95%
confidence interval [CI], 6.6-7.6). The
incidence of perinatal death ascribed to
intrapartum anoxia (4.3 per 10000
births; 95% CI, 3.9-4.7) was higher than
the incidence of perinatal death as-
cribed to other causes (2.8 per 10 000
births; 95% CI, 2.5-3.2). When mod-
eled between 1988 and 2007 (TABLE 3),
there was a decrease in the risk of de-
livery-related perinatal death from 8.8
to 5.5 per 10000 births (unadjusted
percentage change, -38%; 95% CI,
-51% to —-21%). When analyzed by the
cause of death, there was a statistically
significant decrease in the incidence of
death ascribed to intrapartum anoxia
from 5.7 to 3.0 per 10 000 births (un-
adjusted percentage change, -48%; 95%
CI, -62% to =29%), but no statisti-
cally significant decrease in the inci-
dence of deaths ascribed to other causes
(3.1 to 2.5 per 10000 births; unad-
justed percentage change, ~19%; 95%
CI, -45% to 19%) (FIGURE 2). Frac-
tional polynomials demonstrated no im-
provement in the fit of the line model-
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]
Table 1. Obstetric Classification of Causes of Intrapartum Stillbirth and Neonatal Death?

Pediatric Classification

I 1
Intrapartum Other Causes

Obstetric Classification Anoxia (n = 432) (n=287)P

Intrapartum stillbirth (n = 219)

Toxemia, preeclampsia/eclampsia 6 0

Hemorrhage, antepartum 41 5

Mechanical 20 3

Maternal disorder, including infection 3 13

Miscellaneous 0 3

Unexplained 111 14
Neonatal death (n = 500)

Preeclampsia 6 3

Hemorrhage 23

Mechanical 34 7

Maternal disorder, including infection 3 33

Miscellaneous 5 17

Unexplained 180 183

@The cause of intrapartum stillbirth and neonatal death was coded using a modification of the Wigglesworth classifi-
cation.™ The proportions of autopsies were anoxic intrapartum stillbirth (60.8%), nonanoxic intrapartum stillbirth (81.6%),
anoxic neonatal death (61.8%), and nonanoxic neonatal death (72.3%) (P=.01).

DThe pediatric classifications in this category were antepartum anoxia (n=40); birth trauma (n=6); pulmonary compli-
cations of prematurity (n=3); intracranial hemorrhage (n=5); infection (n=88); hemorrhage, other (n=10); miscella-
neous (N=30); and unexplained, including sudden infant death syndrome (n=105).

ing the decrease in risk during the study
period for delivery-related perinatal
death compared with a linear term for
either all-cause mortality (P=.73) or
deaths ascribed to intrapartum anoxia
(P>.99). The magnitude of the de-
crease in the incidence of deaths as-
cribed to intrapartum anoxia was com-
parable between intrapartum stillbirth
(2.6 to 1.1 per 10000 births; unad-
justed percentage change, -60%; 95%
CI, -75% to -34%) and neonatal death
(3.1 to 1.9 per 10000 births; unad-
justed percentage change, -38%; 95%
CI, -59% to -7%). Adjustment for ma-
ternal, fetal, or obstetric characteris-
tics did not reduce the magnitude of de-
crease in the risk of delivery-related
perinatal death or in the subgroup as-
cribed to intrapartum anoxia (Table 3).

When the analysis was confined to
women in labor, the incidence of peri-
natal death ascribed to intrapartum an-
oxia more than halved during the study
period (5.2 to 2.4 per 10 000 births; un-
adjusted percentage change, -55%; 95%
CI, -69% to -35%). When stratified by
mode of delivery, the magnitude of
change in the risk of perinatal death as-
cribed to intrapartum anoxia was simi-
lar comparing those newborns deliv-
ered vaginally (spontaneous vaginal

]
Figure 1. Timing of Neonatal Deaths Ascribed
to Intrapartum Anoxia and Other Causes
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Pediatric classifications in the other causes category in-
cluded antepartum anoxia, birth trauma, pulmonary
complications of prematurity, intracranial hemorrhage,
infection, hemorrhage (other), miscellaneous, and un-
explained (including sudden infant death syndrome).
Comparing deaths ascribed to intrapartum anoxia with
deaths ascribed to other causes, P<.001 by x? test.

delivery: 2.9 to 1.5 per 10 000 births;
unadjusted percentage change, -48%;
95% CI, -69% to -12%; and assisted
vaginal delivery: 12.4 to 3.7 per 10 000
births; unadjusted percentage change,
-71%; 95% CI, -85% to -41%) with
those delivered by emergency cesar-
ean (26.2 to 6.4 per 10 000 births; un-
adjusted percentage change, -75%; 95%
CI, -88% to =50%). There was no evi-
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dence that the magnitude of the de-
crease differed in relation to mode of
delivery in either the unadjusted (P for
interaction=.49) or adjusted models (P
for interaction=.16).

The incidence of liveborn infants de-
livered following labor with a 5-minute
Apgar score of less than 7 in the study
population between 1988 and 2003 was
13.4 per 1000 livebirths (95% CI, 13.2-
13.7; n=10366). The risk of neonatal

death in these infants was 16.3 per 1000
births (95% CI, 14.0-18.9), which was
much greater than the risk of death in
infants with 5-minute Apgar score of 7
or more (OR, 70.3; 95% CI, 57.0-
86.8). Most (82.3%) of the neonatal
deaths in this group were ascribed to
intrapartum anoxia. Between 1988 and
2003, the incidence of infants deliv-
ered following labor with a 5-minute
Apgar score of less than 7 decreased

from 16.9 to 10.2 per 1000 births (un-
adjusted percentage change expressed
for a 20-year period, -48%; 95% CI,
-52% to -43%) (FIGURE 3). When the
analysis was confined to this group,
there was no statistically significant de-
crease in the incidence of neonatal death
ascribed to intrapartum anoxia (14.2 to
12.4 per 1000 births; unadjusted per-
centage change expressed for a 20-
year period, -16%; 95% CI, -59% to

- _______________________________________________________________________________________________]
Table 2. Characteristics of Cohort by Categories of Perinatal Outcome

Delivery-Related Perinatal Death (n = 719)

Survived Intrapartum P Other Causes P
Characteristics (n=1011547) Anoxia (n = 432) Value? (n =287) Value?
Maternal
Age, median (IQR), y° 28 (24-32) 28 (24-32) 10 26 (22-31) <.001
Height, median (IQR), cm 163 (158-167) 162 (157-165) .01 162 (157-166) 19
Missing value, No. (%) 157942 (15.6) 1(16.4) .64 57 (19.9) .05
Parity, No. (%)®
0 450959 (44.6) 243 (56.3) 7] 145 (50.5) 7
1-2 494909 (49.0) 163 (37.7) <.001 123 (42.9) .07
>2 64780 (6.4) 26 (6.0) 196.6) -
Deprivation category, No. (%)
1 (Least deprived) 55271 (5.5) 43.2) 7] 9(6.6) T
2 137562 (13.6) 60 (13.9) 32(11.2)
3 209222 (20.7) 83(19.2) 50(17.4)
4 251176 (24.8) 121 (28.0) .04 84 (29.3) 40
5 157772 (15.6) 69 (16.0) 44 (15.8)
6 118434 (11.7) 62 (14.4) 34 (11.9)
7 (Most deprived) 76618 (7.6) 21 (4.9 _ 4 (8.4) _
Missing value 5492 (0.5) 2 (0.5 .82 0 .20
Infant
Gestational age, median (IQR), wk 40 (39-41) 40 (39-41) 22 40 (38-40) <.001
Male sex, No. (%)° 517742 (51.2) 230 (53.2) .39 141 (49.1) 49
Birth weight, median (IQR), g° 3450 (3130-3780) 3400 (3020-3790) .046 3180 (2900-3580) <.001
Obstetric
Onset of labor, No. (%)°
Spontaneous onset 756457 (74.9) 317 (73.4) .53 204 (71.9) A7
Augmentation of labor 100905 (10.0) 36 (8.4) .26 27 (9.4) .76
Prostaglandin induction 152892 (15.1) 78 (18.1) .09 55(19.2) .05
Duration of labor, median (IQR), h® 6 (4-10) 8 (4-12) <.001 6 (4-10) 19
Mode of delivery, No. (%)
Spontaneous vaginal 738907 (73.1) 163 (37.7) <.001 178 (62.0) <.001
Assisted vaginal 129217 (12.8) 96 (22.2) <.001 35(12.2) a7
Planned cesarean 48301 (4.8) 0 <.001 9(3.1) 19
Emergency cesarean 95122 (9.4) 173 (40.1) <.001 65 (22.7) <.001
Hospital throughput, deliveries per year, No. (%)
<1000 73501 (7.3) 34 (7.9) 22 (7.7)
1000-1999 180142 (17.8) 103 (23.8) 45 (15.7)
2000-2999 208802 (20.6) 82 (19.0) .02 58 (20.2) .90
3000-3999 251704 (24.9) 104 (24.1) 74 (25.8)
=4000 297 398 (29.4) 109 (25.2) 88 (30.7)

Abbreviation: IQR, interquartile range.

@Mann-Whitney U and x? tests were used as appropriate and compared with live births.
D Small number of missing values in other variables for maternal age, 291 (0.03%); parity, 899 (0.09%); sex, 26 (0.003%); birth weight, 297 (0.03%); and onset of labor, 1295 (0.13%).

CSummary statistics confined to women in labor.
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72%). Adjustment of these associa-
tions for maternal, obstetric, and fetal
factors was without material effect (ad-
justed OR, 0.69; 95% CI, 0.32-1.47; ad-
justed percentage change, -31%; 95%
CI, -68% to 47%).

During the study period, the rate of
cesarean delivery approximately
doubled in the full cohort (from 8.9%
to 21.6%, P<<.001). This was associ-
ated with an increase in both the rate
of planned cesarean delivery (from 2.7%

DELIVERY-RELATED PERINATAL DEATH AMONG TERM INFANTS IN SCOTLAND

to 7.8%, P<<.001) and emergency ce-
sarean delivery among women in ac-
tive labor (from 4.7% to 10.4%,
P<.001). There was a significant nega-
tive relationship between the annual ce-
sarean delivery rate and the annual rate
of delivery-related perinatal death as-
cribed to intrapartum anoxia, but not
to other causes (FIGURE 4).

The decrease observed in perinatal
death ascribed to intrapartum anoxia
in the whole study population was not

affected by analytic methods that cor-
rected standard errors for clustering
at maternal (unadjusted percentage
change, -48%; 95% CI, -62% to —29%)
and hospital level (unadjusted percent-
age change, -48%; 95% CI, -61% to
-32%). In the complete case analysis,
the unadjusted and adjusted percent-
age change in the incidence of peri-
natal death ascribed to intrapartum
anoxia was not affected by clustered
analysis at maternal level (unadjusted,

Table 3. Trend of Perinatal and Neonatal Death During the Study Period by Cause and Timing of Death?®
Change in the Incidence of Delivery-Related Perinatal Death Between 1988 and 2007

Unadjusted Adjusted®
I OR % Change I P I OR % Change I P

Delivery-Related Perinatal Death (95% ClI) (95% ClI) Value® (95% Cl) (95% Cl) Value®
All-cause (n = 719)d 0.62 (0.49 t0 0.79) -38 (51 to -21) <.001 0.57 (0.44 t0 0.74) -43 (-56 to —26) <.001
Intrapartum anoxia (n = 432) 0.52 (0.38 t0 0.71) -48 (62 to —29) <.001 0.46 (0.33 t0 0.65) -54 (67 to —-35) <.001
Intrapartum stilloirth (n = 181) 0.40 (0.25 to 0.66) —60 (-75to —-34) <.001 0.42 (0.25 10 0.70) -58 (=75 to -30) .001
Neonatal death (n = 251) 0.62 (0.41 t0 0.93) -38 (-59 to -7) .02 0.50 (0.32 10 0.77) -50 (-68 to —-23) .002

Other causes (n = 287) 0.81 (0.55to0 1.19) -19 (-4510 19) .28 0.76 (0.51 to 1.14) -24 (-49 10 14) 19

Abbreviations: Cl, confidence interval; OR, odds ratio.

2Unadjusted and adjusted ORs are also expressed as the percentage change over the study period [[OR-1) X 100], using the unadjusted or adjusted ORs, as appropriate. Negative
data indicate a decreasing risk, and positive data indicate an increasing risk during the 20-year period.

IDAdjusted for maternal age, height, parity, socioeconomic deprivation status, gestational age, birth weight percentile, fetal sex, onset of labor, and hospital throughput.

CTest of significance of change in the rate of perinatal death obtained from the logistic regression model.

The other factors that were statistically significantly associated with all-cause delivery-related perinatal death in multivariate analysis were maternal age of at least 40 years (un-
adjusted OR, 1.90; 95% Cl, 1.24-2.89; adjusted OR, 2.12; 95% Cl, 1.38-3.26); primiparous (unadjusted OR, 1.49; 95% Cl, 1.28-1.73; adjusted OR, 1.46; 95% ClI, 1.24-1.72);
birth weight of 10th percentile or less (unadjusted OR, 2.18; 95% Cl, 1.78-2.67; adjusted OR, 2.03; 95% Cl, 1.65-2.49); and birth weight of at least 98th percentile (unadjusted
OR, 2.11; 95% Cl, 1.44-3.08; adjusted OR, 2.30; 95% Cl, 1.56-3.40).

Figure 2. Incidence and Trend of Delivery-Related Perinatal Death Ascribed to All-Cause Mortality and Intrapartum Anoxia and Other Causes
in Scotland Between 1988 and 2007
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For all-cause mortality, the solid fitted line is the predicted probability from a univariate logistic regression model with year as a linear predictor; dashed curves are the
associated 95% confidence intervals (Cls) (unadjusted odds ratio [OR], 0.62; 95% Cl, 0.49-0.79). For deaths ascribed to intrapartum anoxia and other causes, the solid
fitted line is the modeled value for death ascribed to anoxia and the dashed fitted line is the modeled value for deaths ascribed to other causes, with the associated 95%
Cls omitted for clarity (intrapartum anoxia: unadjusted OR, 0.52; 95% Cl, 0.38-0.71; other causes: unadjusted OR, 0.81; 95% Cl, 0.55-1.19). Pediatric classifications
in the other causes category included antepartum anoxia, birth trauma, pulmonary complications of prematurity, intracranial hemorrhage, infection, hemorrhage (other),
miscellaneous, and unexplained (including sudden infant death syndrome).
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-47%;95% CI,-63% to —-25%; adjusted,
-50%; 95% CI, -65% to =27%) or hos-
pital level (unadjusted, -47%; 95% CI,
-62% to —26%; adjusted, -50%; 95% CI,
-64% to -30%).

COMMENT

The key finding of our analysis is that
rates of death ascribed to intrapartum
anoxia in term infants declined in Scot-
land between 1988 and 2007. This can-

not be explained by increased rates of
planned cesarean delivery for breech
presentation’*?! because the analysis
was confined to infants in a cephalic
presentation. The decrease was ob-
served across all modes of delivery. Ad-
justment for changes in maternal age,
height, parity, socioeconomic depriva-
tion status, gestational age, fetal sex,
birth weight percentile, onset of labor,
and hospital throughput was without

]
Figure 3. Incidence and Trend of 5-Minute Apgar Score of Less Than 7 per 1000 Births in

Scotland Between 1988 and 2003
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The solid fitted line is the predicted probability from a univariate logistic regression model with year as a linear
predictor; dashed curves are the associated 95% confidence intervals (unadjusted odds ratio, 0.52; 95% con-

fidence interval, 0.48-0.57).

material effect. The rate of decrease was
similar comparing deaths during la-
bor (intrapartum stillbirth) and deaths
in the neonatal period. The decrease
was only significant for perinatal deaths
ascribed to intrapartum anoxia.
Broadly speaking, there are 2 poten-
tial explanations for reduced rates of
perinatal death ascribed to intrapar-
tum anoxia at term, namely, reduced
rates of fetuses experiencing severe an-
oxia during labor or improved resus-
citation of anoxic infants who were live-
born. Our interpretation of our analysis
is that the observed changes are most
likely to reflect reduced rates of fe-
tuses experiencing severe anoxia dur-
ing labor. First, there were similar pro-
portional reductions in the rates of
intrapartum stillbirth and neonatal
death. Improved neonatal resuscita-
tion cannot result in reduced rates of
intrauterine death. Second, there was
a decrease in the total number of in-
fants born with a depressed Apgar score
(ie, including both neonatal death and
survivors). Third, when the analysis was
confined to liveborn infants delivered
with a depressed 5-minute Apgar score,
there was no statistically significant de-
crease in the risk of neonatal death. The
analyses using the Apgar score should,

___________________________________________________________________________________________]
Figure 4. Annual Rate of Delivery-Related Perinatal Death Ascribed to Intrapartum Anoxia and Other Causes vs Cesarean Delivery Rate
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included antepartum anoxia, birth trauma, pulmonary complications of prematurity, intracranial hemorrhage, infection, hemorrhage (other), miscellaneous, and un-

explained (including sudden infant death syndrome).
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however, be interpreted cautiously be-
cause the Apgar score is not a particu-
larly good measure of anoxia, these
were secondary analyses, and the Cls
of the estimated reduction in the risk
of death among the group with a de-
pressed Apgar score were wide.

Secondary analyses of routinely col-
lected data must be interpreted cau-
tiously because data quality will gen-
erally be less detailed and reliable than
in prospective studies.?? Furthermore,
classification of the cause of perinatal
death can be complex and multiple dif-
ferent systems have been described.”
However, the decrease in the number
of deaths ascribed to anoxia is un-
likely to be due to misclassification of
the cause of death. In the data source
used, classification of the cause of death
was performed by a medically quali-
fied individual (the Scottish coordina-
tor of the SSBIDS) with autopsy infor-
mation available. Approximately two-
thirds of the infants had an autopsy
performed and the proportion did not
change during the study period. This
proportion is higher than previously re-
ported in other parts of the United King-
dom.?* Previous studies have indi-
cated that autopsy altered the diagnosis
in up to 20% of cases,** although it is
plausible that the proportion may be
lower in cases ascribed to anoxia due
to the availability of other diagnostic
methods (such as cord blood pH, car-
diotocography, and clinical assess-
ment of the neonate). This latter point
may explain the slightly lower au-
topsy rate among infants in which death
was ascribed to anoxia. However, the
rate of autopsy in cases in which death
was ascribed to anoxia was still more
than 60%. Even assuming that 20% of
the diagnoses would have been changed
had an autopsy been performed in the
remaining 40%, this would only have
changed the diagnosis in approxi-
mately 8% of all cases ascribed to in-
trapartum anoxia. Therefore, it is un-
likely that bias due to misclassification
of the cause of death could have sig-
nificantly affected the findings.

We lacked the further detailed infor-
mation required to determine why the
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number of fetuses experiencing severe
anoxia during labor may have de-
creased during the study period. The as-
sociation was not materially affected by
statistical adjustment for maternal age,
height, parity, socioeconomic depriva-
tion status, gestational age, birth weight
percentile, fetal sex, onset of labor, and
hospital throughput. However, we
lacked information on other maternal
characteristics that could plausibly have
changed during the study period and
could affect the risk of complications,
such as maternal body mass index. We
also lacked important clinical data that
might help explain variation in rates of
intrapartum anoxia, such as use of elec-
tronic fetal monitoring, regional anes-
thesia, and fetal blood sampling. Al-
though randomized controlled trials of
routine electronic fetal monitoring have
failed to demonstrate reduction in the
risk of perinatal death, the meta-
analysis of these trials is underpowered
to detect an effect.” Furthermore, many
different aspects of obstetric care could
contribute to changes in perinatal mor-
tality, including general improvements
in manpower, training, teamwork, and
multidisciplinary working. The re-
duced rate of deaths ascribed to anoxia
could also reflect a general improve-
ment in the health of the population
leading, for example, to reduced rates of
events leading to anoxia (eg, abrup-
tion).

The decrease in delivery-related peri-
natal deaths ascribed to anoxia coin-
cided with a marked increase in rates
of cesarean delivery, and more liberal
use of this procedure is another poten-
tial explanation of the finding. We plot-
ted the annual rate of delivery-related
perinatal death against the annual ce-
sarean delivery rate and observed a
negative relationship for delivery-
related perinatal deaths ascribed to an-
oxia, but not to other causes (Figure 4).
The apparent relationship between
these 2 rates must be interpreted with
caution. The relationship could be ex-
plained by variation in other risk fac-
tors for each outcome or by changes in
the characteristics of the population
during the 20-year period. An influen-

tial World Health Organization study?
had previously compared the perina-
tal mortality rate of countries in rela-
tion to their national rates of cesarean
delivery. The interpretation of the
analysis was that increasing the cesar-
ean delivery rate above 10% to 15% was
unlikely to be associated with improve-
ment in perinatal mortality. However,
total perinatal mortality includes causes
of death that are largely independent of
mode of delivery, such as antepartum
stillbirth, neonatal death associated with
prematurity, and deaths due to con-
genital abnormality. Moreover, varia-
tion in the cesarean delivery rate be-
tween countries has multiple possible
explanations. Our analysis has the ad-
vantages that we studied cesarean de-
livery rates in a relatively homoge-
neous population with free access to
health care and related this to perina-
tal deaths that were ascribed to com-
plications of labor and delivery. How-
ever, both observations should be
interpreted with caution due to mul-
tiple other unmeasured factors. Nev-
ertheless, the current finding of a nega-
tive association between perinatal
mortality rates and cesarean delivery
rates of more than 15% suggests that
this threshold may no longer be appro-
priate.

A number of previous studies
from developed countries have demon-
strated a decrease in the incidence of peri-
natal mortality. Most of these articles
have not distinguished perinatal mor-
tality by the timing of death in relation
to labor, the cause of perinatal death, or
both.2%*-3° Therefore, it is difficult to in-
fer the basis for the observed reduction
in these analyses. Studies that reported
trends of perinatal mortality by the cause
of death have found a decrease in the in-
cidence of death due to intrapartum an-
oxia.*?" However, several of these analy-
ses included preterm births.2* It is
recognized that, after exclusion of ante-
partum stillbirths, prematurity is the
most common cause of neonatal death.
In recent years, improvements in neo-
natal resuscitation and intensive care
have significantly improved survival of
infants born preterm.”® Given the pro-

1,29,10,27-30
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found changes that have taken place in
neonatal care, it is difficult to deter-
mine the relative contribution of changes
in obstetric and neonatal care from stud-
ies that include preterm births. A study™®
from Ireland in 2008 examined the in-
cidence of intrapartum stillbirth con-
fined to singleton infants in a cephalic
presentation born at term. The authors
described an absolute risk of this event
of 3 per 10000 births,** which is simi-
lar to that observed in our study. These
authors also found that the rates of in-
trapartum stillbirth decreased and that
this was associated with a reduction in
deaths ascribed to anoxia. However, this
study only analyzed intrapartum deaths
because they lacked data on neonatal
death. Changes in obstetric care could
result in a shift in the timing of perina-
tal death in relation to birth. A reduc-
tion in intrapartum stillbirth may be as-
sociated with an increased incidence of
delivery of very severely anoxic live-
born infants; therefore, any reduction in
intrapartum death could be balanced by

increased rates of neonatal death. We
were able to address this directly and ob-
served comparable decreases in intra-
partum and neonatal losses.

In conclusion, our findings demon-
strate a 38% decrease in the incidence of
intrapartum stillbirth and neonatal death
in Scotland between 1988 and 2007
among singleton births at term with ce-
phalic presentation. This was associ-
ated with a reduction in the number of
deaths ascribed to intrapartum anoxia.
The magnitude of the decrease in inci-
dence was not affected by adjustment for
measured changes in maternal, fetal, and
obstetric characteristics. The pattern of
the decline suggests that this was pri-
marily due to a reduced number of se-
verely anoxic infants rather than im-
proved neonatal resuscitation. The
change was paralleled by increased rates
of cesarean delivery, but there is no di-
rect evidence supporting a causal asso-
ciation between the 2 trends.
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