Variability in Very Preterm
Stillbirth and In-Hospital
Mortality Across Europe

Elizabeth S. Draper, PhD,2 Bradley N. Manktelow, PhD,2 Marina Cuttini, PhD,? Rolf F. Maier, MD,°

Alan C. Fenton, MD,d Patrick Van Reempts, MD, PhD,%f Anna-Karin Bonamy, MD, PhD,£" Jan Mazela, MD, PhD,' Klaus Barch,
MD,J Corinne Koopman-Esseboom, MD, PhD, Heili Varendi, MD, PhD,'

Henrique Barros, MD, PhD,™ Jennifer J. Zeitlin, PhD," on behalf of the EPICE Cohort

BACKGROUND AND 0BJECTIVE: Stillbirth and in-hospital mortality rates associated with very
preterm births (VPT) vary widely across Europe. International comparisons are
complicated by a lack of standardized data collection and differences in definitions,
registration, and reporting. This study aims to determine what proportion of the variation
in stillbirth and in-hospital VPT mortality rates persists after adjusting for population
demographics, case-mix, and timing of death.

METHODS: Standardized data collection for a geographically defined prospective cohort of
VPTs (22*9-31*6 weeks gestation) across 16 regions in Europe. Crude and adjusted stillbirth
and in-hospital mortality rates for VPT infants were calculated by time of death by using
multinomial logistic regression models.

resuLts: The stillbirth and in-hospital mortality rate for VPTs was 27.7% (range, 19.9%-
35.9% by region). Adjusting for maternal and pregnancy characteristics had little impact on
the variation. The addition of infant characteristics reduced the variation of mortality rates
by approximately one-fifth (4.8% to 3.9%). The SD for deaths <12 hours after birth was
reduced by one-quarter, but did not change after risk adjustment for deaths >12 hours after
birth.

coNcLUsIoNs: In terms of the regional variation in overall VPT mortality, over four-fifths of
the variation could not be accounted for by maternal, pregnancy, and infant characteristics.
Investigation of the timing of death showed that these characteristics only accounted for a
small proportion of the variation in VPT deaths. These findings suggest that there may be
an inequity in the quality of care provision and treatment of VPT infants across Europe.
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WHAT’S KNOWN ON THIS SUBJECT: The mortality
rates associated with very preterm births vary widely
across Europe. Direct comparisons of international
mortality rates for very preterm infants are complicated
by a lack of standardized data collection and differences
in definitions, registration, and reporting.

WHAT THIS STUDY ADDS: Variations in stillbirth and
in-hospital very preterm mortality rates were reduced
by 20% after adjusting for maternal, pregnancy,

and infant characteristics. Regional variation was

not explained by the variation in the mortality of the
earliest deaths.
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The worldwide burden of preterm
birth is increasing.! However, since
the early 1990s, many improvements
in the care of these infants, including
routine use of antenatal steroids for
women at risk for preterm delivery
and surfactant, have led to a dramatic
reduction in the associated mortality
of these infants, even for those born
at <26 weeks’ gestation.?-® Medical
advances in subsequent years have
led to a continued reduction in

both the mortality and morbidity
rates for very preterm infants.*78
However, wide variations in stillbirth
and in-hospital mortality rates for
very preterm births (VPTs) have
been observed across Europe, with
up to twofold differences in these
rates between regions.?-1! These
comparisons raise questions about
the quality and the equitability of
access to perinatal and neonatal

care in high-mortality regions or
countries.

Using mortality rates as benchmarks
for quality of care across countries is
contingent on accounting for other
sources of variation that affect these
rates. Some of the variation can be
explained by a lack of standardized
data collection and reporting,
specifically among the most preterm
infants.'2 Worldwide differences

in definitions of stillbirths, births,
and deaths, access to termination

of pregnancy, and registration and
reporting of very preterm infants
make it difficult to carry out direct
comparisons, despite using a
standardized approach. In addition,
perinatal management of infants

at very low gestational ages (GAs)
related to unit policy and treatment
and ethical concerns around the
withholding or withdrawal of care
also differs across Europe and
impacts on mortality rates.!3-15
Finally, the broad diversity in the
demographic characteristics of
childbearing women in Europe may
affect the patient case-mix.16:17

Using the Effective Perinatal
Intensive Care in Europe (EPICE)
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standardized population-based VPT
cohort from 19 regions across 11
European countries, this study aims
to determine what proportion of
the regional variation in stillbirth
and in-hospital mortality rates in
European regions persists after
adjusting for reporting differences
in outcomes among VPTs as well as
population demographics and case-
mix. We additionally investigate
regional differences by the timing of
death, because causes of death can
differ for deaths which occur before,
during, or immediately after delivery
or on the neonatal unit before
discharge.

METHODS

The EPICE birth cohort comprises a
geographically defined prospective
cohort of outcomes for VPTs
between 22+0 and 31*¢ weeks of
GA in 19 regions in 11 European
countries (Table 1). Regions were
selected with respect to geographic
and organization diversity (all

have at least 1 tertiary center),
feasibility (preexisting data systems
and expertise), and sample size
considerations.

Regional data collection took place
by using a standardized protocol
between March and July 2011 for 12
months, except in France where data
were collected for 6 months, during
which there were ~850 000 births in
the EPICE regions. Data definitions
were agreed on by the EPICE
Consortium and data were collected
from obstetric and neonatal medical
records by the regional teams by
using either the EPICE questionnaire
or modified regional systems.
Ascertainment was validated against
birth registers within all hospitals
by local teams. Determination of

GA was based on the best estimate
of the obstetric team caring for the
pregnant women. When there were
several estimates, GA was based

on the following hierarchy: in vitro
fertilization treatment, ultrasound

TABLE 1 Participating Countries and Regions in
the EPICE Project

European Gountry Participating Region(s)

Denmark Eastern region
Belgium Flanders
France Burgundy?
lle-de-France
Northern region
Germany Hesse
Saarland?
Italy Emilia-Romagna
Lazio
Marche?
Netherlands Central and Eastern
regions
Poland Wielkopolska
Portugal Lisbon

Northern region
Stockholm county
Entire country

East Midlands
Yorkshire and Humber
Northern region

Sweden
Estonia
United Kingdom

2 Less than 150 VPT births in the study period.

based on earliest estimate, last
menstrual period, fundal height
measurement, and neonatal
assessment at birth.

For this analysis, data were excluded
for 3 regions with <150 cases

(Table 1). Terminations of pregnancy
and severe congenital anomalies
(Supplemental Information) were
also excluded due to the variation in
policies regarding the treatment of
such cases across the regions.

Outcomes were defined by the type
and timing of death or survival

to discharge from neonatal care

by using the following categories:
stillbirth, deaths <12 hours after
birth, deaths >12 hours to 7
completed days after birth, deaths
>7 days after birth, and survivors
at discharge from neonatal care.
Analysis by GA was performed by
using 2-week GA bands to facilitate
comparisons, namely 22+0-23+6
weeks, 2410-25%6 weeks, 26+0-27+6
weeks, 28%0-29+6 weeks, and 30*0-
31+6 weeks.

Maternal and pregnancy
characteristics included in the
analysis were maternal age,
parity, multiple pregnancy, and
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pregnancy complications, defined as
hypertensive diseases (preeclampsia,
eclampsia, and HELLP syndrome),
admission to hospital for antepartum
hemorrhage after 20*° weeks’
gestation, and preterm premature
rupture of membranes (PPROM).
Infant characteristics were GA at
birth, birth weight, sex, multiplicity,
and small for GA (SGA; <10th
percentile).18

Ethics and data protection approvals
were provided in each region to fulfill
national legislation requirements.

Crude stillbirth, in-hospital mortality,
and survival rates are presented
using all births as the denominator,
with differences between regions

in the rates of mortality and of type
of mortality tested by using the y?
test. Maternal, pregnancy, and infant
characteristics are presented as
numbers and rates or means with
SDs, and the statistical significance
of any variation between the regions
was tested by using the y? test or
analysis of variance as appropriate.

The effects of maternal, pregnancy,
and infant factors were investigated
by using multinomial logistic
regression models. The models
simultaneously estimate the
probability for each type of death
(stillbirth, death <12 hours after
birth, and death >12 hours after
birth) while allowing the magnitude
of the effect of each maternal,
pregnancy, or infant factor to

differ by type of death. This was
undertaken first for maternal and
pregnancy factors alone (overall
mortality) and then for maternal,
pregnancy, and infant factors (overall
mortality and by timing of death)
with associations presented as odds
ratios (ORs) with 95% confidence
intervals (CIs). Overall and for

each type of death, the observed
“unadjusted” mortality percentage
was calculated for each region. In
addition, a standardized mortality
ratio was calculated overall and for
each type of death for each region
from the multinomial logistic model,

namely, the ratio of observed to
expected number of deaths was
calculated by using the estimated
risk-specific predicted probabilities
from the whole cohort. An “adjusted”
mortality percentage was calculated
by multiplying the standardized
mortality ratio by the appropriate
observed death percentage across
the whole cohort, both overall and

for each type of death for each region.

The variation between regions was
quantified through the estimation of
the SD of the mortality percentages
for the regions. Absolute differences
between the unadjusted and adjusted
mortality percentages overall and
for each type of death were then
calculated for each region. This data
analysis was generated by using SAS
software, version 9 (SAS Institute,
Inc, Cary, NC).

RESULTS

The EPICE study is comprised of
8888 infants that fulfilled the study
criteria in the 16 regions included

in this analysis. The overall stillbirth
and in-hospital mortality rate for the
cohort was 27.7%, with an almost
twofold difference across the regions
ranging from 19.9% in Stockholm,
Sweden to 35.9% in Ile-de-France
(Table 2) (P <.001). Individual
components of the mortality rates
showed even wider variation (overall
P <.001), with stillbirth rates ranging
from 11.5% in Stockholm to 24.2%
in Ile-de-France; the high stillbirth
rate in Ile-de-France largely explains
their high overall mortality rate. The
variation in hospital mortality for
deaths <12 hours showed an over
eightfold difference from 1.2% in

the Northern region of the United
Kingdom to 9.9% in Wielkopolska
(Poland). Stockholm had the

lowest rates of mortality for deaths
occurring between 12 hours and 7
completed days after birth (0.7%).
The highest rate for this category of
death was 5.4% in Lisbon, Portugal.
In-hospital mortality rates for deaths

occurring >7 days after birth ranged
from 2.3% in Estonia to 6.8% in
Lisbon.

Wide variations were observed

in maternal and pregnancy
characteristics (Table 3), with the
proportion of: mothers aged >35
years ranging from 15.0% in the
Northern region of France to 45.4%
in Lazio, Italy (P <.001); primiparous
mothers ranging from 38.0% in
Estonia to 67.6% in Northern
Portugal (P <.001); and multiple
pregnancies from 10.1% in Estonia to
22.1% in Eastern Denmark (P <.001).
In terms of infant characteristics
(Table 4) the mean GA varied
between 28.0 weeks in Wielkopolska,
Poland and Ile-de-France and 28.8
weeks in Estonia (P <.001); and the
mean birth weight varied between
1052 g in lle-de-France and 1234 g
in Estonia (P <.001). Wide variations
were also seen in the proportions of
boy infants (P =.019) and SGA infants
(P=.043).

Table 5 presents the proportion of
the EPICE cohort at each band of
GA (overall P <.001). The highest
proportions in the lowest gestation
band (22-23 weeks) were in
Wielkopolska (13.7%) and Ile-de-
France (13.2%) compared with only
2.8% in Estonia and 5.6% in Lisbon.
Conversely, in the highest GA band
(30-31 weeks), proportions varied
from 31.4% in the Eastern region of
Denmark to 45.2% in Estonia.

GA at birth has a major impact

on the mortality rates of a region
(Fig 1 A-E). Overall cohort survival
by GA band was 4.2% at 22 to

23 weeks (survivors all 23 weeks),
44.6% at 24 to 25 weeks, 70.5% at
26 to 27 weeks, 84.9% at 28 to 29
weeks, and 91.0% at 30 to 31 weeks.
Variation in stillbirth and in-hospital
mortality rates was greatest at the
lowest GA band (22-23 weeks) in
terms of absolute mortality rates,
but continued across all GAs in
terms of the variation in relative rates,
with a threefold range in stillbirth
rates at 22 to 23 weeks
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TABLE 2 In-Hospital Outcomes by Time of Death or Survival for VPTs Between 22+0 and 31+6 Weeks of Gestation by European Region: EPICE Cohort 2011 to

2012
Stillbirth Timing of Death Before Discharge Survival to Discharge Total
<12h >12to <48 h >48hto <7d >7d
N % N % N % N % N % N % N

Belgium: Flanders 154 171 42 47 12 13 14 16 28 3.1 651 723 901
Denmark: Eastern 62 15.2 28 6.9 9 2.2 6 1.5 17 4.2 286 70.1 408
Estonia 26 14.7 3 17 1 0.6 3 1.7 4 2.3 140 79.1 177
France: Northern 68 17.9 17 45 1 0.3 11 29 7 18 275 726 379
France: lle-de-France 282 24.2 63 5.4 5 04 29 2.5 38 3.3 746 64.1 1163
Germany: Hesse 81 11.9 31 46 6 09 12 18 20 29 528 779 678
Italy: Lazio 106 15.8 24 3.6 18 2.7 14 2.1 35 5.2 472 70.6 669
Italy: Emilia 50 10.1 1 22 12 24 12 24 17 3.4 391 79.3 493
Netherlands: Eastern and 66 14.6 16 3.5 12 2.7 10 2.2 19 4.2 329 728 452

Central®
Poland: Wielkopolska 67 18.4 36 99 9 2.5 6 16 11 3.0 236 64.7 365
Portugal: Northern 63 18.3 9 26 6 1.7 7 2.0 14 4.1 246 713 345
Portugal: Lisbon 79 15.3 14 2.7 18 3.5 10 19 35 6.8 360 69.8 516
United Kingdom: 79 15.9 6 1.2 7 14 5 1.0 20 4.0 380 76.5 497

Northern?
United Kingdom: East 118 17.2 30 44 10 15 9 13 12 1.7 507 739 686

Midlands
United Kingdom: 135 15.7 28 3.3 13 15 9 1.0 38 44 638 741 861

Yorkshire and Humber
Sweden: Stockholm 34 1.5 9 3.0 0 0.0 2 0.7 14 47 237 80.1 296
All regions 1470 16.5 367 41 139 16 159 18 328 3.7 6422 723 8886

@ One infant with unknown outcome.

TABLE 3 Maternal and Pregnancy Characteristics for VPTs Between 22+0 and 31+6 Weeks of Gestation by European Region: EPICE Cohort 2011 to 2012

No. of Mothers Aged >35y Primiparous Hypertensive PPROM Multiple Pregnancy
Mothers Disease?
N N % N % N % N % N %

Belgium: Flanders 737 142 19.3 411 55.8 108 14.7 173 23.5 157 213
Denmark: Eastern 330 80 24.2 186 56.4 36 10.9 64 19.4 73 22.1
Estonia 158 55 34.8 60 38.0 24 15.2 51 323 16 10.1
France: Northern 321 48 15.0 163 50.8 53 16.5 70 21.8 55 171
France: lle-de-France 992 250 252 489 493 180 18.1 241 24.3 161 16.2
Germany: Hesse 559 159 284 329 58.9 75 13.4 150 26.8 113 20.2
Italy: Lazio 562 255 454 313 55.7 52 9.3 137 244 107 19.0
Italy: Emilia 418 172 411 262 62.7 64 15.8 81 19.4 72 17.2
Netherlands: Eastern and 387 76 19.6 245 63.3 64 16.5 80 20.7 63 16.3

Central
Poland: Wielkopolska 328 64 19.5 154 47.0 24 7.3 94 28.7 37 1.3
Portugal: Northern 299 74 24.7 202 67.6 54 18.1 61 204 46 15.4
Portugal: Lisbon 439 129 294 236 53.8 74 16.9 114 26.0 75 171
United Kingdom: Northern 436 78 17.9 187 429 30 6.9 100 229 64 14.7
United Kingdom: East 601 113 18.8 300 499 88 14.6 123 20.5 86 14.3

Midlands
United Kingdom: Yorkshire 769 151 19.6 378 492 95 124 187 24.3 87 1.3

and Humber
Sweden: Stockholm 254 92 36.2 141 55.5 50 19.7 50 19.7 41 16.1
All regions 7590 1938 25.5 4056 53.4 1071 141 1776 234 1253 16.5
P <.001 <.001 <.001 .004 <.001

2 Preeclampsia, eclampsia, or HELLP syndrome
b pvalue for overall difference between the regions.

GA (29.3% in Hesse, Germany Italy to 9.7% in Ile-de-France). Adjusted ORs with 95% Cls are

to 85.7% in the Northern region Detailed tables by GA group and presented in Table 6 for maternal,

of Portugal) and at 29 to 31 weeks region are provided as Supplemental pregnancy, and infant characteristics
GA (3.4% in Emilia Romagna, Tables 7-11. by outcome. Very preterm stillbirths
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TABLE 4 Infant Characteristics for VPTs Between 22+0 and 31+ Weeks of Gestation by European Region: EPICE Cohort 2011 to 2012

No. of GA at Birth, wk Birth Weight, g Boy Twin or Higher Order SGA?
Infants
N Mean SD Mean SD N % N % N %
Belgium: Flanders 901 28.5 2.8 1178 458 510 56.6 321 35.6 280 311
Denmark: Eastern 408 28.1 2.7 1079 450 214 52.5 151 37.0 167 40.9
Estonia 177 28.8 2.4 1234 418 87 49.2 35 19.8 59 33.3
France: Northern 379 28.1 2.8 1070 418 210 55.4 113 29.8 142 37.5
France: lle-de-France 1163 28.0 29 1052 427 603 51.8 332 28.5 420 36.1
Germany: Hesse 678 28.3 2.8 1132 431 357 52.7 232 342 250 36.9
Italy: Lazio 669 28.3 2.8 1121 434 341 51.0 214 320 227 33.9
Italy: Emilia 493 28.5 2.8 1149 465 233 473 147 29.8 161 32.7
Netherlands: Eastern and 453 28.5 2.7 1133 456 230 50.8 129 28.5 166 36.6
Central
Poland: Wielkopolska 365 28.0 3.0 1123 500 197 54.0 74 20.3 110 30.1
Portugal: Northern 345 284 2.6 1071 392 192 55.7 92 26.7 137 39.7
Portugal: Lisbon 516 284 2.6 1088 387 298 57.8 152 29.5 179 34.7
United Kingdom: Northern 498 28.3 2.7 1116 432 289 58.0 126 25.3 168 33.7
United Kingdom: East 686 286 2.7 1161 435 354 516 171 249 236 34.4
Midlands
United Kingdom: Yorkshire 861 284 2.6 127 403 476 55.3 179 20.8 291 33.8
and Humber
Sweden: Stockholm 296 28.3 2.7 1156 459 158 53.4 83 28.0 102 34.5
Overall 8888 28.3 2.8 1120 437 4749 534 2551 287 3095 34.8
P <.001 <.001 019 <.001 043
@ Less than 10th percentile birth weight.
b Pvalue for overall difference between the regions.
TABLE 5 Numbers of VPTs (22+0-31+6 Weeks of Gestation) by European Region, Stratified by GA: EPICE Cohort 2011 to 2012
GA at Birth
22+0-23+6 wk 24+0-25+6 wk 26+0-27+6 wk 28+0-29+6 wk 30%0-31+6 wk
N % N % N % N % N %
Belgium: Flanders 78 8.7 144 12.7 114 12.7 203 225 392 435
Denmark: Eastern 44 10.8 48 11.8 90 221 98 24.0 128 314
Estonia 5 2.8 23 13.0 36 20.3 33 18.6 80 452
France: Northern 42 141 46 12.1 76 20.1 76 20.1 139 36.7
France: lle-de-France 153 13.2 153 13.2 189 16.3 259 223 409 35.2
Germany: Hesse 58 8.6 94 13.9 120 17.7 145 214 261 38.5
[taly: Lazio 69 10.3 85 12.7 97 14.5 164 245 254 38.0
Italy: Emilia 47 9.5 43 8.7 90 18.3 99 20.1 214 434
Netherlands: Eastern and 37 8.2 54 1.9 87 19.2 89 19.6 186 411
Central
Poland: Wielkopolska 50 13.7 49 13.4 59 16.2 7 19.5 136 37.3
Portugal: Northern 28 8.1 31 9.0 78 226 82 23.8 126 36.5
Portugal: Lisbon 29 5.6 67 13.0 109 211 125 242 186 36.0
United Kingdom: Northern 38 76 7 15.5 77 15.5 131 26.3 175 35.1
United Kingdom: East 56 8.1 76 1.1 102 14.9 160 233 292 426
Midlands
United Kingdom: Yorkshire 58 6.8 17 13.6 140 16.3 217 25.2 329 38.2
and Humber
Sweden: Stockholm 21 9.1 45 15.2 38 12.8 84 284 102 34.5
Overall 819 9.2 1122 12.6 1502 16.9 2036 229 3409 38.4
and infants who died after >12 hours (preeclampsia, eclampsia, or a multiple pregnancy compared
of neonatal care were significantly HELLP syndrome) had less risk of with survivors and being SGA
less likely to have a primiparous stillbirth or death after >12 hours was associated with stillbirth or
mother than very preterm survivors. of life. In addition to the expected death regardless of timing. There
Similarly, VPTs born to mothers inverse relationship between all were significant differences for
with PPROM or mothers identified poor outcomes and increasing GA, all maternal, pregnancy, and
as having a hypertensive pathology stillbirths were less likely to be from infant characteristics presented
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Outcome by GA group for VPTs between 22+0 and 31+6 weeks of gestation by European region: EPICE cohort 2011 to 2012.

across the 3 outcomes apart from
maternal age.

Variation in the overall stillbirth

and in-hospital mortality rates by
region reduced little after adjusting
for maternal and pregnancy factors
from a SD of 4.8% for the distribution
of unadjusted regional mortality
rates (range, 20.0%-35.9%) to a

SD of 4.7% (range, 20.5%-36.6%).
However, additional adjustment for
infant factors reduced the SD for the
distribution of regional mortality
rates to 3.9% (range, 20.0%-33.7%),
largely due to GA. After adjusting

for maternal, pregnancy, and infant
factors, the SD of mortality rates

by timing of death reduced by
approximately one-tenth from 3.3%
(range, 10.1%-24.3%) to 3.0%
(range, 10.6%-22.0%) for stillbirths;
by approximately one-quarter from
2.1% (range, 1.2%-9.9%) to 1.5%
(range, 1.3%-7.8%) for deaths at
<12 hours of age; and was 2.1% both

before adjustment (range, 4.5%-
12.2%) and after adjustment (range,
4.6%-11.4%) for deaths at >12 hours
of age. The differences between
regions all remained statistically
significant (P <.001).

The impact of maternal, pregnancy,
and infant characteristics on the
timing of death for each region are
shown in Fig 2, which illustrates

the absolute differences in stillbirth
and in-hospital mortality rates
between the overall rates for the total
cohort and the rates for each region.
Adjustment for these characteristics
changed the mortality estimates for
Ile-de-France, Wielkopolska, and
Estonia for stillbirths and deaths at
<12 hours but had little effect on the
UK region of Yorkshire and Humber
for any mortality outcome. Deaths
at >12 hours showed the smallest
variation after risk adjustment for
maternal, pregnancy, and infant
characteristics.
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DISCUSSION

This analysis identified wide
variations in very preterm

stillbirth and in-hospital mortality
rates across Europe in the EPICE
cohort from 2011 to 2012 by

using standardized data collection
procedures after accounting for
population demographics, case mix,
and timing of death and confirms
previous findings.? We show that
these variations are evident for

all outcomes, although variation

is greatest (in relative terms) for

the earliest deaths, predominantly
those occurring <12 hours after
birth. Although birth registration
differences or policies for ascribing
whether an infant is recorded as

a stillbirth or neonatal death may
account for some of the variation for
the earliest GAs,1? this is not the case
for births at later gestational ages
(=27 weeks), where GA plays a lesser
role in the determination of potential
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TABLE 6 Adjusted ORs for Maternal, Pregnancy, and Infant Characteristics by Timing of Death Compared With Survival to Discharge for VPTs Between 22+0
and 31+ Weeks of Gestation: EPICE Cohort 2011 to 2012

Stillbirth Neonatal Death <12 h After Birth Neonatal Death >12 h After Birth
OR 95% Cl OR 95% Cl OR 95% Cl P
Mother’s age, y 29
<20 1.30 0.91-1.85 1.37 0.76-2.45 0.97 0.59-1.57
20-34 Referent Referent Referent
>35 0.95 0.79-1.13 0.75 0.55-1.02 1.07 0.87-1.31
Parity <.001
0 0.79 0.67-0.93 0.80 0.61-1.05 0.77 0.64-0.94
1-2 Referent Referent Referent
>3 1.10 0.83—1.44 149 0.96-2.31 112 0.81-1.55
Hypertensive pathology <.001
No Referent Referent Referent
Yes 0.17 0.12-0.23 0.46 0.26-0.82 0.79 0.59-1.07
PPROM <.001
No Referent Referent Referent
Yes 0.37 0.30-0.46 0.77 0.57-1.02 0.74 0.60-0.93
Sex of infant 019
Girl Referent Referent Referent
Boy 0.89 0.76-1.03 1.21 0.94-1.55 1.16 0.97-1.39
GA at birth <.001
22-23 wk 327.06 220.48-485.15 970.99 538.10—>999 107.17 65.28—175.93
24-25 wk 10.27 8.23-12.81 29.92 17.97-49.83 25.78 19.05-34.87
26-27 wk 3.00 2.42-3.71 5.50 3.14-9.66 8.58 6.35-11.60
28-29 wk 1.46 1.17-1.82 2.36 1.29-4.30 278 2.00-3.86
30-31 wk Referent Referent Referent
Multiplicity <.001
Singleton Referent Referent Referent
Multiple 0.32 0.26-0.40 0.76 0.57-1.03 0.88 0.72-1.08
<10th birth-weight <.001
percentile
No Referent Referent Referent
Yes 467 3.99-5.50 1.68 1.24-2.26 1.66 1.36-2.04

viability. Nevertheless, because the
highest levels of variation are found
for the deaths that occur closest

to birth, it suggests that unit and
regional policy differences may
account for a proportion of this
difference, possibly representing
the full spectrum of interventions
for compassionate and palliative
care across regions. This difference
in policies may contribute to the
variation seen in the later deaths
because more proactive initiation
of treatment may lead to increased
survival in those infants who were
previously thought to be at highest
risk of mortality.!®

To assess the full picture of
outcomes associated with VPTs, it is
important to investigate outcomes
for the total cohort, including all
stillbirths, intrapartum, and labor
ward deaths as well as deaths on

neonatal units to reduce the selection
bias introduced by management
policies.?? One example of this is the
variation in the amount of infants
admitted to a unit for comfort care
when early death is anticipated, a
policy adopted by the Polish region
of Wielkopolska, whereas other
regions may allow such deaths to
occur in the delivery suite and, in
some circumstances, they may fail to
appear in official statistics. In many
countries, decision-making about
potential viability takes place in the
maternity unit, reflecting differences
in obstetric and perinatal practices in
addition to health system factors and
the impact of cultural attitudes.

A number of maternal and pregnancy
characteristics are known to be
associated with rates of very preterm
delivery and the subsequent risk of
mortality. In this analysis, we have

noted both demographic variations in
terms of maternal age, proportion of
primiparous mothers, and pregnancy
complications (hypertensive
pathology and PPROM). However,
despite variations in these
characteristics across the regions,
they had a minimal effect on the
regional variation in VPT mortality
rates.

Similarly, infant characteristics that
are known to have an association
with mortality were investigated,
and variations in the proportion of
VPTs that were boys, from multiple
births, or had fetal growth restriction
were noted across the regions. When
infant characteristics were added
into the risk adjustment model, the
variation in overall stillbirth and
in-hospital mortality rates across the
study regions reduced by nearly one-
quarter (23.3%), indicating the lack

PEDIATRICS Volume 139, number 4, ApriPoorii oaded from http://pediatrics.aappublications.org/ by guest on April 4, 2018 7


http://pediatrics.aappublications.org/

Belgium: Flanders Germany: Hesse Denmark: Eastern Estonia

=
Death <=12 h
-l
Death <12 h L
Stillbirth I
All Deaths |
L I o o o L T T T T
France: lle-de-France France: Northern Italy: Emilia Italy: Lazio
Death <=12 h ]
Death <12 h
Stillbirth
All Deaths
—v—v—v—v—y—v—v—v—v—%y—!—v—r L B L e e —v—v—%..u..‘u. T T

Netherlands: Eastern and Central Poland: Wielkopolska Portugal: Lisbon

—1

Portugal: Northern

s

United Kingdom: Northern  United Kingdom: Yorkshire and Humber

Death <=12 h

Death <12 h

Stillbirth

All Deaths

T T T T T T T T — T T T — T T

Sweden: Stockholm United Kingdom: East Midlands

Death <=12 h
Death <12 h

Stillbirth I
All Deaths
RS R AR L R EOE S RS Tt ] L e UEEE S REL T ATt STt =

-10% 5% 0% 5% 10% -10% 5% 0% 5% 10% -10% 5% 0% 5% 10% -10% 5% 0% 5% 10%

FIGURE 2

Difference in absolute mortality rate from overall mortality rate unadjusted (dark shade) and adjusted for maternal, pregnancy, and infant characteristics
(light shade) for VPTs between 22+0 and 31+ weeks of gestation by European region: EPICE cohort 2011 to 2012. Values to the right (blue) represent
mortality rates that were higher than the overall average and values to the left (amber) represent mortality rates that were lower than the overall

average.

of homogeneity in the populations of
infants in the different regions.

Investigation of the effect of adjusting
for maternal, pregnancy, and infant
characteristics by the timing of death
shows that interregional variation
persists at all 3 specified timings.
This is contrary to the findings of

the EXPRESS study in Sweden,!
which concluded that in the most
extreme preterm infants, any
regional differences were established
<12 hours after birth, suggesting
they could be related to variations

in immediate perinatal practices.

The continued wide variation in
mortality for infants >12 hours of age
in the EPICE cohort could indicate
that there is variation in the quality,
access, and provision of neonatal care
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across Europe. The profile of VPT is
changing over time, with increasing
numbers of earlier gestation infants,
partly due to increasing iatrogenic
early delivery as neonatal care has
improved.?1-23 The wide variation
in mortality rates seen in the deaths
at >12 hours of age may be due to
the increasing complexity of these
extremely preterm births.

Strengths of the Study

This study used a population-based
prospective cohort study design
with standardized data collection
and definitions. Active validation

of regional case ascertainment was
carried out to ensure inclusion of all
cases that fulfilled the study criteria,
irrespective of local registration
criteria for births and deaths. All

terminations of pregnancy and major
congenital anomalies were excluded
to allow for other differences in

the legislative practices between
countries, although differences in
perinatal management and policies
for any other congenital anomaly
may still have had an impact on

our results. Our main analysis was
carried out by using the timing of
the death rather than admissions to
the NICU, thus reducing the impact
of the variations in unit and regional
policies with respect to the treatment
of this group.1®

Limitations of the Study

There is no standardized method

of ascertainment of socioeconomic
status across Europe that can be
derived from medical records?* and,
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therefore, no adjustment has been
made for this particular population
characteristic, which is known to
be associated with preterm birth.
However, although there is a
doubling of the risk of VPT between
the least and most deprived groups
in populations,?5 variations in the
outcome of VPTs after admission
to neonatal care do not appear to
be explained by socioeconomic
differences.26:27

Although the calculation of expected
date of delivery for the vast majority
of births is now assessed by
ultrasound measurement, this is not
always the case. In addition, there

is variation in the dating formulae
used for sonographic estimation of
GA between regions,?8 which could
lead to systematic variation. In this
study, we have used the best estimate
for GA based on ultrasound as the
gold standard where possible and
have identified a hierarchy for the
calculation of GA when a number of
estimates were provided.

CONCLUSIONS

The aim of this study was to
determine what proportion of the
regional variations in stillbirth
and in-hospital mortality rates

in European regions persists
after adjusting for population

demographics and case mix. Over
75% of the regional variation could
not be accounted for by these
factors. Investigation of the timing
of death showed that approximately
one-tenth of the variation in the
stillbirth rate was accounted

for by maternal, pregnancy, and
infant characteristics. However,
one-quarter of the variation in the
mortality rate for deaths occurring
<12 hours after birth, but almost
none of the variation in the mortality
rate for deaths occurring >12 hours
after birth, seems to be explained
by these same characteristics. This
finding suggests that there may be
an inequity in the quality of care
provision and treatment of very
preterm infants across Europe.
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