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Summary

OBJECTIVE: To provide population-based, gestational
age (GA) stratified incidence of mortality and morbidities.
METHODS: Population-based prospective observational
study of infants born between 23 0/7 and 31 6/7 weeks GA
in the years 2000–2004 in all Swiss neonatal intensive care
units. Outcomes measured were: mortality, severe intra-
ventricular haemorrhage (IVH), periventricular leukomala-
cia (PVL), necrotizing enterocolitis (NEC), moderate/
severe bronchopulmonary dysplasia (BPD) and free of ma-
jor complications.
RESULTS: Mortality was 19% of 3083 infants. Mortality
(95% CI) decreased from 95% (88%, 99%) at 23 weeks
to 3% (2%, 5%) at 31 weeks. Short-term survival free of
major complications was 66% (65%, 68%) overall and in-
creased from 2%(0%, 9%) to 89% (87%, 92%). Rate of
IVH was 8% (7%, 9%), PVL 2% (2%, 3%), NEC 3% (3%,
4%) and BPD 11% (10%, 12%). Males had more IVH
than females (9% vs. 6%). Antenatal steroids were associ-
ated with lower mortality (11% vs. 18%) and IVH (5% vs.
12%). Odds of free of major complications (OR, 95%CI)
were positive for female gender 1.2 (1.0, 1.5), steroids 1.3
(1.1, 1.5), multiple gestation 1.3 (1.0, 1.6), not small for
gestational age 2.7 (2.0, 3.5), and each additional week of
GA 1.6 (1.5, 1.7).
CONCLUSION: Mortality and incidence of morbidities
known to influence outcome show a weekly decline with
increasing gestational age, except for PVL. Gestational age
stratified data are a key component for prenatal coun-
selling.

Key words: infant; premature; mortality; morbidity;
epidemiology

Abbreviations:
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Introduction

The care of the extremely premature infant requires a mul-
tidisciplinary and collaborative approach by an experien-
ced perinatal team. The dialogue between parents, obstetri-
cians and neonatologists is complex because the decisions
that are taken are of long term consequence [1]. Legally,
parents are entitled to make decisions in the best interest
of their future newborn but this requires that they are ob-
jectively informed on the potential factors influencing out-
comes [2, 3]. Up to date mortality and morbidity data
specific to the local population must be provided. As the
incidence of most neonatal pathologies varies considerably
with gestational age (GA), differences of one or two weeks
significantly affect mortality and morbidity inside the large
strata usually reported as very low birth weight or ex-
tremely low birth weight infants. Estimating the risk for
each infant with the information available before birth
(GA, estimated birth weight, singleton or multiple sex, and
prenatal steroid treatment) is more accurate than with the
use of GA or birth weight alone [4, 5].
The objective of this study is to provide population-based
(Switzerland), age stratified incidences for mortality and
morbidities for neonates born below 32 weeks GA.

Methods

Subjects
The Swiss Neonatal Network maintains a database of all
Swiss infants born before 32 weeks GA. Our analysis in-
cluded neonates born between January 1, 2000 and Decem-
ber 31, 2004. To assure that all infants (≥23 weeks GA and
alive at the onset of labour), were included in the analysis,
the birthing log books or electronic data bases at all par-
ticipating hospitals were verified by the Swiss Society of
Neonatology assuring that still born infants were also in-
cluded. Mortality rates were based on all infants alive at the
onset of labour, whereas morbidity rates were based on all
infants admitted to the neonatal intensive care unit (NICU).
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Centralised data set
The data were collected through a computerised question-
naire distributed to collaborators from each centre. Com-
pleted data forms were centralised and checked for incon-
gruities. Across all participating centres, GA was based on
completed weeks and days of gestation based on the first
day of the last menstrual period and confirmed by a first
trimester ultrasound (performed routinely since 1980) [6].
Among the data collected, we focused on the occurrence of
the following diagnoses: 1) mortality defined by death after
birth or stillborn; 2) grade 3 and 4 intraventricular haem-
orrhage (IVH) using the classifications defined by Papile
et al. [7], based on the most severe ultrasound result dur-
ing the hospital stay (per protocol performed by a paedi-
atric radiologist or neonatologist at 24 hours, day 3 and 7
and then every one to two weeks until final discharge); 3)
cystic periventricular leukomalacia (PVL) as defined by de
Vries et al. [8]; 4) necrotizing enterocolitis (NEC) defined
as clinical signs (abdominal distension, bilious aspirates
and/or bloody stools) and confirmed by radiographic intra-
mural gas, or at laparotomy; 5) moderate/severe bronchop-
ulmonary dysplasia (BPD) defined as an oxygen require-
ment at 36 weeks gestational age according to the NICHD
consensus conference paper [9] and 6) Free of major com-
plications defined by survival during NICU stay, no BPD,
no IVH 3/4, no PVL, and no NEC. Treatment information
was available for antenatal steroid administration (defined
as at least two doses given 48 hours before birth). Multiples
were defined as any non-singleton birth. Small for gesta-
tional age (SGA) was defined according to weight <10th

percentile for GA(10).

Ethics
Written permission was obtained from the national expert
committee for professional confidentiality in medical re-
search to collect data anonymously on stillborn and very
low birth weight live born infants for the years 2000 to
2004.

Statistical analysis
Groups were compared on categorical variables using the
Pearson’s χ2 test or Fisher’s exact test, as appropriate, and
on continuous variables using the two-sample t-test. The
Agresti-Coull score method was used to compute 95% con-
fidence intervals (95% CI) for mortality and morbidity
rates for the entire cohort and for GA subgroups. To assess
the association between GA and mortality rate, we used
a logistic regression model with a piecewise linear spline
function for GA, using the Hosmer-Lemeshow goodness-
of-fit test. A multivariable logistic regression model for

complication-free survival was created by entering all vari-
ables of interest and then using backward selection to elim-
inate all variables not significant at the 0.05 level. All ana-
lyses were performed on a complete-case basis and all tests
were two-tailed and performed at a significance level of
0.05. Analyses were performed using SPSS 15.0 (SPSS
Inc, Chicago, IL) and SAS 9.2 software (SAS Institute,
Cary, NC).

Results

Among the 368,055 infants born in Switzerland between
the years 2000 and 2004, 3083 (0.8% of all births) were
born before 32 weeks of GA. 2896 NICU admissions were
included in the analysis of secondary outcomes (BPD,
IVH, PVL, NEC and free of major complications), after ex-
cluding 187 (6%) labour ward deaths (stillborns and deaths
occurring shortly after delivery). Missing data for out-
comes was less than 0.2% of patients and missing data for
antenatal steroid treatment was less than 1%. NICU ad-
missions were more likely to be Caesarean deliveries, to
have received antenatal corticosteroids and to be older and
higher in birth weight. Singleton birth or gender differences
between labour ward deaths and NICU admissions were in-
significant (table 1).
The median gestational age in weeks (1st quartile, 3rd quart-
ile) was 29 (27,30) weeks. The median birth weight (1st

quartile, 3rd quartile; range) was 1180 g (900 g, 1490 g;
370–3180 g). Of NICU admissions, overall survival at dis-
charge from the hospital was 86% (2503/2896). Overall
mortality rates for males were similar to females, 14%
(219/1556) vs. 13% (174/1339) respectively (p = 0.40).

Mortality (fig. 1)
The overall mortality rate (95% CI) for infants born at <32
weeks GA in Switzerland was 19% (17%, 20%). Mortality
rates were 95% (88%, 99%) for infants born at 23 weeks
and decreased to 3% (2%, 5%) for infants born at 31 weeks
GA. Between 23 to 26 weeks GA the overall decrease in
mortality was 23% for each additional week of GA, which
was a 3% daily decrease in mortality. The odds ratio for
death (95% CI) was 0.34 (0.28, 0.40, P <0.001) for each
additional week meaning that the odds of dying decreased
by 66% for each additional week of GA. Between 27 and
31 weeks, the mortality decreased 5% for each week. Odds
ratio for death for each additional week of GA was 0.60
(0.55, 0.65 P <0.001) meaning that the odds of dying de-
creased by 40% for each additional week of GA during this
range.

Table 1: Characteristics at birth.

Variable All Infants
(N = 3083)

Infants who received
intensive care
(N = 2896)

Infants who did not
receive intensive care
(N = 187)

P-Value

Caesarean delivery (%) 74% 75% 43% <0.01

Use of antenatal corticosteroids (%) 61% 63% 7% <0.01

Singleton birth (%) 71% 71% 77% 0.27

Female sex (%) 46% 46% 41% 0.30

Gestational age (wk) 29 29 25 <0.01

Average birth weight (g) 1194 g 1207 g* 824 g <0.01

*11% of infants receiving intensive care were small for gestational age.
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Free of major complications (fig. 1)
The overall rate (95% CI) was 66% (65%, 68%). The in-
cidence of neonates free of major complications increased
from 2% (0%, 9%) at 23 weeks to 59% (54%, 64%) at 27
weeks and 89% (87%, 92%) at 31 weeks. The proportion of
free of major complications increased with increasing GA.
This percentage increased almost linearly by an overall rate
of 11% each week.

Figure 1

Gestational age stratified mortality rates and rates of free of major
complications. CI for mortality is indicated by the error bar. Absolute
number of total births by stratum is indicated by the N in (). Overall
rate is indicated with the dashed line, 19% mortality rate and 66%
free of major complications.

Morbidity (fig. 2)
2896 infants were admitted to NICU, 8% (221) had grade
3 or 4 IVH, 2.4% (69) had PVL, 3% (100) had NEC,
and 11% (318) had moderate/severe BPD. The rates of
BPD, IVH, and NEC decreased with increasing GA. Rates
of BPD decreased approximately 5% with each additional
week of GA after 25 weeks GA. Rates of IVH decreased
3.5% with each additional week of GA. Rates of NEC de-
creased 1% per week after 24 weeks GA. The rate of PVL
varied minimally throughout. The rates for each morbidity
stratified by gestational age can be found in figure 2.

Effect of gender, antenatal steroids, multiples,
malformations, SGA and GA on individual morbidities
63% (1805/2860) of our study population received a com-
plete course of antenatal steroids. Patients receiving
antenatal steroids had lower rates of mortality (11% vs.
18%, P <0.001), IVH (5% vs. 12%, P <0.001), and higher
rates of free of major complications (75% vs. 67%, P
<0.001) but there was no difference in terms of NEC, BPD
or PVL. Males had more IVH than females (9% vs. 6%, P =
0.003) and were less likely to be free of major complica-
tions (71% vs. 74%, P = 0.047). Males exposed to antenat-
al steroids had lower rates of mortality (11% vs. 20%, P
<0.001), lower rates of IVH (6% vs. 14%, P <0.001) and
higher rates of BPD (13% vs. 9%, P = 0.018) and free of
major complications (74% vs. 66%, P = 0.001) than those
without steroids. Females exposed to antenatal steroids had
lower rates of mortality (11% vs. 16%, P = 0.003) and IVH
(4% vs. 9%, P <0.001) and higher rates of free of major
complications (78% vs. 68%, P <0.001).
Table 2 summarizes the multivariable model for the effect
of the above variables on free of major complications.
There was a significant interaction effect between SGA and
GA. The association between advancing GA and better out-
come was stronger in SGA subjects compared to not SGA
subjects. The association between SGA and worse outcome
was strongest for subjects with shorter GA.

Table 2: Rates of Mortality and Free of Major Complications by Gestational Age.

Gestational age in weeks Number of total births Mortality rate
(95% CI)

Labour ward deaths
(95% CI)

Free of major complications
(95% CI)

23–31 combined 3083 19%
(18%, 20%)

6%
(5%, 7%)

68%
(66%, 70%)

23 82 95%
(88%, 99%)

79%
(69%, 87%)

2%
(0%, 9%)

24 158 72%
(65%, 79%)

40%
(33%,48%)

19%
(13%, 26%)

25 258 54%
(47%, 60%)

15%
(11%, 20%)

29%
(23%, 35%)

26 251 26%
(21%, 32%)

1%
(0%, 4%)

47%
(41%, 54%)

27 358 21%
(17%, 26%)

2%
(1%, 4%)

61%
(55%, 66%)

28 354 11%
(8%, 14%)

1%
(0%, 2%)

67%
(62%, 72%)

29 404 7%
(5%, 10%)

1%
(0%, 2%)

80%
(75%, 84%)

30 552 4%
(3%, 6%)

1%
(0%, 2%)

88%
(85%, 91%)

31 666 3%
(2%, 5%)

0.3%
(0%, 1%)

91%
(88%, 93%)
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Discussion

Switzerland has a population of approximately 7.5 million
people, with an overall infant mortality rate of 4.5 (4.17F,
5.34M) per 1000 live births [11]. The medical system is
regionalised with maternal transfer to a perinatal centre
beginning at 24 weeks of completed gestation to allow
counselling for parents. The Swiss Society of Neonatology
recommends that parents of infants born at the limit of vi-
ability, 24 0/7 to 25 6/7 weeks GA, are offered initiation
of intensive care measures considering the prenatal risk
factors [12]: sex, prenatal steroids and singleton or multiple
gestations.

Comparison of mortality and morbidity in time and
between regions
A survey of premature infants born in 1996 in Switzerland
found that the mortality rate at 24 weeks was 86% and 52%
at 25 weeks [13]. When comparing our 2000–2004 cohort
with that in 1996, the mortality rate at 24 weeks has de-
creased by around 13%, but the mortality rate between the
two time periods for those infants born at 25 weeks has re-
mained stable.
Overall mortality rates were similar to those found by other
European groups [14, 15] . However, mortality rates
between 23 to 25 weeks gestational age were slightly high-
er [4, 16–19] . This is most likely a reflection of Swiss
guidelines which recommend palliative comfort care be-
fore 24 weeks, and offer the option of comfort care to
parents until 26 weeks [12]. We had no documentation of
positive non-intervention for our cohort. After 26 weeks
GA our mortality rates are comparable or better than those
found in the literature [14, 16, 18–20].
In terms of morbidity, the reported rates of BPD, IVH,
NEC and PVL are comparable in the literature reported
global rates as GA stratified data remains limited [15–18,
21].

Importance of prenatal counselling
Having reliable population-based mortality and morbidity
data stratified by GA is an essential tool when informing
parents of the risks implicated with extreme preterm birth.
Guidelines for resuscitation at lower GAs have become an
ethical issue where the opinion of the parents and the med-
ical team is of utmost importance [22]. Population-based
information aids in making these guidelines evidence-
based. Switzerland’s current guidelines for palliative care
before the age of 24 weeks is consistent with that of other
countries [22]. The information transmitted to future par-
ents is complex and care should be taken to use mortality
and morbidity information in a clear manner so that this
will aid and not hinder the decision making process. Future
parents should also be counselled that decision plans for
treatment made before delivery are subject to changes
based on the condition of the infant at birth and the success
of resuscitation.
In counselling parents, the most relevant information com-
municated before delivery is the mortality rate and the per-
centage of infants free of major complications based on GA
(fig. 1). Precise GA stratified outcomes are relevant and
give more precise information compared to weight grouped

classification. At the limit of viability, it is crucial that this
information be age stratified as the overall rate for a pop-
ulation has a significant bias due to larger numbers of in-
fants being born at a later GA. For example, the overall
percentage of infants free of major complications based on
traditional birth weight group classification risks giving an
overly optimistic picture of outcomes compared to that giv-
en when analysing outcomes by GA.
Multivariable models that take into account all information
available before delivery such as gestational age, gender,
antenatal corticosteroid treatment, singleton or multiple
birth and weight should be favoured over those using only
one variable [4]. The odds ratios related in table 2 show
that being of female sex, having received prenatal steroids,
multiple births and not being small for gestational age at all
GA strata have a positive influence on the rate of short term
free of major complications.

Strengths and limitations
Our study is strengthened by several factors. The data is
population-based and thus gives the most accurate view of
outcomes for our nation and is not biased by individual
centre results. Mortality and morbidity statistics are strat-
ified by GA and not by birth weight thus limiting an im-
portant bias in prenatal counselling due to the influence of
intra-uterine growth retardation on mortality and morbidity
[23–25] . Our study included all infants alive at the onset of
labour and mortality statistics do not exclude those infants
who died in the delivery room in order to eliminate selec-
tion bias for survival data at the limits of viability [26].
Despite a five year pooling of population based data, gest-
ational age stratified subgroups for gender, antenatal ster-
oids and multiple pregnancies did not yield sufficient num-
bers to be analysed meaningfully. In addition, this study
could have been improved if we had had precise informa-

Figure 2

A: Age stratified rates of intraventricular haemorrhage. Overall rate
of severe IVH is 8%. B: Age stratified rates of periventricular
leukomalacia. Overall rate of PVL is 2%. C: Age stratified rates of
necrotizing enterocolitis. Overall NEC rate is 3%. D: Age stratified
rates of moderate/severe bronchopulmonary dysplasia. Overall
BPD rate is 11.0%.
Confidence intervals are shown by the error bar. Absolute number
of NICU admissions is indicated by the N in (). Overall rates are
shown by the dashed line.
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tion on maternal antenatal characteristics and ethnicity data
[27], as these factors also have a significant effect on out-
comes in studies from other developed countries. However,
Switzerland has a relatively homogeneous Caucasian popu-
lation [28]. Long term outcome data is currently being col-
lected but not yet available. As this information becomes
available, it will be necessary to integrate this data into the
decision making process before delivery.

Conclusion

Our population-based statistics for the premature neonatal
population serve several purposes. GA stratified data will
help to counsel parents before a premature delivery and
will facilitate the decision making process in the delivery
room for the medical staff. This will also allow the surveil-
lance of changes in morbidity and mortality over time. Pop-
ulation based information will permit individual centres to
benchmark their own results with that of the Swiss popula-
tion.

The following investigators and hospitals participated in
the Swiss Neonatal Network:
Aarau: Kantonsspital Aarau, Kinderklinik (Georg
Zeilinger); Basel: Universitäts-Kinderspital beider Basel,
Abteilung für Neonatologie (Christoph Bührer); Bern:
Frauenklinik und Medizinische Kinderklinik, Abteilung
für Neonatologie (Mathias Nelle), Inselspital, Abt. für
Intensivpflege, Universitätskinderklinik (Bendicht
Wagner); Chur: Rätisches Kantons- und Regionalspital,
Kinderklinik (Walter Bär); Lausanne: CHUV,
Département de pédiatrie (Adrien Moessinger), CHUV, SI
pédiatriques, médico-chirurgicaux (Jacques Cotting);
Luzern: Kantonsspital Luzern, Kinderspital Pädiatrie
(Thomas M. Berger); St. Gallen: Kantonsspital St. Gallen,
Klinik für Geburtshilfe und Gynäkologie (Andreas
Malzacher), Ostschweizer Kinderspital, Intensivpflege-
und Frühgeburtenstation (John P. Micallef); Zürich:

UniversitätsSpital, Klinik für Neonatologie, (Romaine
Arlettaz, Hans-Ulrich Bucher), Central data manager
(Mark Adams).
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