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ORIGINAL CONTRIBUTION

One-Year Survival of Extremely Preterm
Infants After Active Perinatal Care in Sweden
The EXPRESS Group

THE RATE OF PRETERM BIRTHS IS

increasing worldwide and the
associated neonatal morbidity
contributes significantly to in-

fant mortality. Without medical inter-
vention, the number of deaths in those
born extremely preterm would equal
that of major causes of death in adults.1

Advances in perinatal medicine have in-
creased survival so that neonatal inten-
sive care can today be life saving even
for the most immature infants.2-19 How-
ever, concerns about risks for later
disability,20 adverse developmental pro-
gramming increasing the risk for hy-
pertension and diabetes in later life, and
high costs21 make intensive care at the
limits of viability controversial. More-
over, the evidence for improved out-
comes among extremely immature in-
fants, which is fundamental for decision
making before, during, and after birth,
has been questioned.22-24 Conversely,
misconceptions regarding outcomes
may result in suboptimal perinatal care
because chances for survival are un-
derestimated.25

Objective estimates of survival for ex-
tremely preterm infants are difficult to
establish because the more favorable
outcomes, reported from centers of ex-
cellence,4,7,8,19 may reflect some selec-
tion bias.23 Population-based studies,
considered to be most valid, may have
limitations such as cohorts born be-
fore 2000,2,9-13,26-28 stillbirths or deliv-
ery room deaths not accounted
for,2,9,11-13 survival data restricted to ad-
mitted infants,6,13 or use of hospital dis-
charge data.9,10,13-17 Survival rates and
morbidity often vary within countries
and, to improve the outcome, central-

ization of care to centers of excellence
is recommended.17,29,30 However, strat-
egies for better outcome, eg, more in-
dividualized management and deci-
sion making,31 have not been evaluated
on a population-based level. Accord-
ingly, there is a need for up-to-date es-
timates of infant survival after ex-
treme prematurity, both for assessing
perinatal and neonatal care services and
as a basis for clinical guidelines and pa-
rental counseling.

The objective of the national col-
laborative project Extremely Preterm

Infants in Sweden Study (EXPRESS)
was to evaluate the short- and long-
term outcomes of infants born before
27 gestational weeks in Sweden dur-
ing 2004-2007. The purpose of this re-
port is to determine the 1-year sur-
vival with and without major neonatal
morbidity among these infants.

Authors/EXPRESS Group members are listed at the end
of this article.
Corresponding Author: Karel Maršál, MD, PhD, De-
partment of Obstetrics and Gynecology, Lund Uni-
versity Hospital, S-221 85 Lund, Sweden (karel.marsal
@med.lu.se).

Context Up-to-date information on infant survival after extremely preterm birth
is needed for assessing perinatal care services, clinical guidelines, and parental coun-
seling.

Objective To determine the 1-year survival in all infants born before 27 gestational
weeks in Sweden during 2004-2007.

Design, Setting, and Patients Population-based prospective observational study
of extremely preterm infants (707 live-born and 304 stillbirths) born to 887 mothers
in 904 deliveries (102 multiple births) in all obstetric and neonatal units in Sweden
from April 1, 2004, to March 31, 2007.

Main Outcome Measures Infant survival to 365 days and survival without major
neonatal morbidity (intraventricular hemorrhage grade �2, retinopathy of prematu-
rity stage �2, periventricular leukomalacia, necrotizing enterocolitis, severe broncho-
pulmonary dysplasia). Associations between perinatal interventions and survival.

Results The incidence of extreme prematurity was 3.3 per 1000 infants. Overall peri-
natal mortality was 45% (from 93% at 22 weeks to 24% at 26 weeks), with 30%
stillbirths, including 6.5% intrapartum deaths. Of live-born infants, 91% were admit-
ted to neonatal intensive care and 70% survived to 1 year of age (95% confidence
interval [CI], 67%-73%). The Kaplan-Meier survival estimates for 22, 23, 24, 25, and
26 weeks were 9.8% (95% CI, 4%-23%), 53% (95% CI, 44%-63%), 67% (95%
CI, 59%-75%), 82% (95% CI, 76%-87%), and 85% (95% CI, 81%-90%), respec-
tively. Lower risk of infant death was associated with tocolytic treatment (adjusted for
gestational age odds ratio [OR], 0.43; 95% CI, 0.36-0.52), antenatal corticosteroids
(OR, 0.44; 95% CI, 0.24-0.81), surfactant treatment within 2 hours after birth (OR,
0.47; 95% CI, 0.32-0.71), and birth at a level III hospital (OR, 0.49; 95% CI, 0.32-
0.75). Among 1-year survivors, 45% had no major neonatal morbidity.

Conclusion During 2004 to 2007, 1-year survival of infants born alive at 22 to 26
weeks of gestation in Sweden was 70% and ranged from 9.8% at 22 weeks to 85%
at 26 weeks.
JAMA. 2009;301(21):2225-2233 www.jama.com
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METHODS
The study population comprised all
live-born (gestational age �26 weeks
6 days) and stillborn infants (gesta-
tional age 22 weeks 0 days–26 weeks
6 days) delivered extremely preterm in
Sweden from April 1, 2004, to March
31, 2007. Terminations of pregnancy
and infants born outside of Sweden and
transferred to Sweden for neonatal care
were excluded. All obstetric and pedi-
atric departments in Sweden partici-
pated in the study and no infant ful-
filling the eligibility criteria was
excluded. The study was descriptive
with no attempts in the study frame-
work to standardize treatment.

In each of the 7 health care regions
in Sweden, 1 obstetric and 1 pediatric
study coordinator were responsible for
data acquisition and quality control.
Data on mothers and stillborn infants
were collected at the time of delivery.
Data on live-born infants were col-
lected prospectively during the first 180
days of hospitalization or until dis-
charge or death. Mother and infant data
were cross-linked with the National
Medical Birth Registry to ensure accu-
racy. Information on infant deaths af-
ter discharge home until 1 year was ob-
tained from the National Population
Registry. Data collection continued for
all infants who were transferred be-
tween hospitals.

All data were collected by local staff
on standard study forms in accor-
dance with a manual defining the vari-
ables. Regional data were electroni-
cally transmitted to a central database
and again checked for quality and com-
pleteness. Records with missing or
obviously erroneous information were
returned to the regional study coordi-
nators. Missing data were traced until
the investigators, after personal con-
tact, concluded that data were unob-
tainable. During the study, 1 internal
and 1 external data control were per-
formed on a randomly selected subset
of study patients.

The data set comprised 220 items, in-
cluding demographic information, ma-
ternal medical and previous obstetric
history, data on pregnancy, labor, and

delivery, infant condition at birth and
details on resuscitation, illness sever-
ity at admission to neonatal intensive
care unit, selected neonatal proce-
dures, and infant outcomes such as sur-
vival, neonatal morbidity, time of death,
and use of hospital resources.

The database was created in collabo-
ration with the Swedish Perinatal Qual-
ity Register. MedSciNet (MedSciNet AB,
Stockholm, Sweden) was responsible for
the technical design of the study data-
base and electronic transmission of data.

Sweden has a population of 9 mil-
lion inhabitants and general health in-
surance coverage. Pregnancy care is
standardized, free of charge, and vir-
tually all pregnant women adhere to the
routine antenatal care program start-
ing in early pregnancy; 97% of all preg-
nant women have a routine ultra-
sound examination by specially trained
personnel at 17 to 18 postmenstrual
weeks. Each health region is served by
a regional level III hospital. Births oc-
cur at 42 delivery facilities including 7
regional hospitals. The general policy
is to centralize extremely preterm de-
liveries to regional hospitals.

Live birth and perinatal mortality
were defined in accordance with the
recommendations of the World
Health Organization (WHO).32 Peri-
natal mortality was defined as death
in the perinatal period (comprising
late pregnancy from 22 gestational
weeks until birth, labor and delivery,
and the first week of life) and includes
stillbirths and early neonatal mortal-
ity. Intrapartum death was defined as
stillbirth when the fetus was alive at
the start of labor. The gestational age
was recorded in completed weeks. In
860 pregnancies (95%), the gesta-
tional duration was based on ultra-
sound dating; in 16 pregnancies, on
the date of last menstrual period
(2%); and in 28 pregnancies, the dat-
ing method was not specified (3%). In
60 (10%) of the live-born infants with
ultrasound estimation of gestational
age, the expected date of delivery dif-
fered by at least −14 days from esti-
mates according to the last menstrual
period; 33 (13%) of the stillborn in-

fants had a corresponding difference
between the 2 estimation methods.
Intrauterine growth was evaluated in
accordance with the national fetal
weight–based growth standard33 and
expressed as mean standard devia-
tion scores (SDS; actual value minus
mean/standard deviation). Infants
with birth weight of more than 2 SDs
below the mean were classified as
small for gestational age (SGA).

Iatrogenic delivery was defined as de-
livery for maternal, fetal, or both indi-
cations, either after induced labor or as
prelabor cesarean delivery.34 Preterm
premature rupture of membranes was
defined as spontaneous rupture of the
membranes at least 1 hour before the
onset of contractions.34 Mothers were
considered to have received antenatal
corticosteroids if they received 1 or 2
doses of betamethasone. Antenatal an-
tibiotic treatment was defined as any an-
tibiotic drug administered to the mother
during hospitalization that resulted in
delivery.

Intraventricular hemorrhage was
graded inaccordancewithdata fromPap-
ile et al.35 Cystic periventricular leuko-
malacia was defined in accordance with
data from de Vries et al,36 retinopathy of
prematurity in accordance with the In-
ternational Classification for Retinopa-
thy of Prematurity,37 and necrotizing en-
terocolitis in accordance with staging by
Bell et al.38 Severe bronchopulmonary
dysplasia was defined as the need for at
least 30% oxygen at a time correspond-
ing with 36 weeks of gestation.39 Con-
genital anomalies were classified in ac-
cordance with the WHO International
Classification of Diseases, 10th Revision;
and luxations of the hip (Q65.0-
Q65.5), balanic hypospadias (Q54.0),
and patent ductus arteriosus (Q25.0)
were not classified as anomalies.

The primary outcome was infant sur-
vival to 365 days based on all births in-
cluding stillbirths and live-born in-
fants. The secondary outcome was
survival to at least 365 days without ma-
jor neonatal morbidity, ie, survival with-
out intraventricular hemorrhage grade
greater than 2, retinopathy of prema-
turity stage greater than 2, periven-
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tricular leukomalacia, necrotizing en-
terocolitis, or severe bronchopulmonary
dysplasia.

The study was approved by the Re-
gional Research Ethics Board, Lund
University, Lund, Sweden. The par-
ents provided oral informed consent for
data acquisition.

Statistical Analyses

Associations between gestational age
and various dichotomized variables
were analyzed using simple linear lo-
gistic regression either with gesta-
tional age as a continuous variable or
as specified with gestational age con-
verted to class variables. Overall sur-
vival was determined by standard
Kaplan-Meier survival analysis. Di-
chotomized risk factors for infant death
were evaluated using simple logistic re-
gression analyses or, when specified,
multiple logistic linear regression analy-
ses adjusting for gestational age (en-
tered as a continuous variable). The
effect of perinatal interventions was ana-
lyzed in a multivariate model as speci-
fied. Goodness of fit was evaluated with
Hosmer-Lemeshow test. All statistical
analyses were performed using Gauss
version 6.0 (Aptech Systems Inc, Black
Diamond, Washington). All testing was
2-sided; P values of less than .05 were
considered statistically significant.

RESULTS
During the 3-year study period, 305 318
infants were born in Sweden; of these,
1011 were extremely preterm infants (in-
cidence, 3.3/1000 infants) born before 27
gestational weeks in 904 deliveries to 887
mothers. Of the infants in the study, 707
were live-born (70%; incidence, 2.3/
1000 infants) and 304 stillborn (30%; in-
cidence, 1.0/1000 infants). There were
102 multiple births (11.3%); 95 twin
births (1 twin delivery before 22 weeks—
only the live-born first twin included—
and 1 delayed delivery after abortion of
the first twin before 22 weeks); and 7
triplet births.

Maternal Characteristics

The mean age of mothers was 30.9 years
(range, 14-46 years); 29 mothers were

younger than 20 years of age (3.2%), 195
were 35 to 39 years old (22%), and 65
wereaged40yearsorolder (7.3%).There
were 58% of mothers who were primipa-
rae (520), 20% were non-Nordic (117/
542 with available information), 14%
were smokers (119/834), and 6.6% of
pregnancies were the result of in vitro fer-
tilization (59/904). In 36% of the preg-
nancies (325/904), clinical complica-
tions, eg, preeclampsia, antepartum
hemorrhage, preterm premature rup-
ture of membranes, or chorioamnion-
itis, were reported.

Characteristics of Live-Born Infants

The total number of infants and the num-
ber of live-born infants increased with
gestational age (TABLE 1 and TABLE 2).
There were 2 live-born infants reported
before 22 gestational weeks; they died af-
ter 1 and 10 hours, respectively. Of the
707 live-born infants, 55% (n=388) were
male, 22% (n=158) multiples, and 16%
(114/703) were SGA (Table 1). The pro-
portion of SGA infants increased with
gestational age (odds ratio [OR] for
1-week increase, 1.47; 95% CI, 1.22-
1.75; P�.001). The birth weights ranged
from 266 g to 1500 g. Low Apgar scores
(�3) at 1 and 5 minutes in infants born
at 22 weeks were 69% and 77%, respec-
tively, and were more common than in
more mature infants at 26 weeks (17%
and 13%, respectively) (1-minute Ap-
gar score OR, 11.07; 95% CI, 5.51-
12.21; P� .001; and 5-minute Apgar
score OR, 32.91; 95% CI, 14.63-74.04;
P�.001). Congenital anomalies were re-
ported in 12% of the infants.

Perinatal Interventions

Of all infants, 70% were born at level
III hospitals (558 live-born and 145
stillborn). Of these infants, 75% and
42%, respectively, had been trans-
ferred in utero; 117 of 149 infants born
alive at level II or at level I hospitals
were transferred postnatally to a level
III hospital for care (Table 1). Of all live-
born infants, 509 were born after spon-
taneous onset of labor (72%) and 198
after iatrogenic deliveries for maternal
or fetal indications or both (28%). In
pregnancies with infants born alive af-

ter spontaneous onset of labor, toco-
lytics and antenatal corticosteroids were
used significantly less at 22 weeks than
at later gestational ages (tocolytic use
OR, 0.34; 95% CI, 0.18-0.65; P� .001;
and corticosteroid use OR, 0.06; 95%
CI, 0.03-0.13; P� .001). Of 707 live-
born infants, 356 (50%) were born by
Cesarean delivery and of these, 172
(48%) were iatrogenic. Birth by cesar-
ean delivery was 36% among infants of
mothers with spontaneous onset of de-
livery and 88% among those with iat-
rogenic delivery.

A neonatologist attended 83% of the
live births, 61% of the infants were in-
tubated in the delivery room, and 72%
received surfactant within 2 hours af-
ter birth (Table 1). The presence of a
neonatologist and the administration of
surfactant were less common at 22
weeks than at 23 to 26 weeks (neona-
tologist present OR, 0.15; 95% CI, 0.08-
0.27; P� .001; and surfactant admin-
istration OR, 0.16; 95% CI, 0.08-0.31;
P� .001). Intubation was less used at
26 weeks than at 23 to 25 weeks (OR,
0.25; 95% CI, 0.18-0.36; P � .001)
(Table 1).

Mortality and Survival

The overall perinatal mortality was 45%,
ranging from 93% at 22 gestational
weeks to 24% at 26 weeks (Table 2).
Of live-born infants, 152 (22%) died
during the early neonatal period (0-6
days) including 58 (8.2%) who died in
the delivery room; and 35 (5%) who
died during the late neonatal period
(7-27 days). Altogether, 210 live-born
infants (30%) died before the age of 1
year. The proportion of stillbirths, de-
livery room deaths, neonatal deaths, and
infant deaths decreased with gesta-
tional age (Table 2). There was no sex
difference in mortality (P=.77), whereas
SGA (OR, 1.69; 95% CI, 1.12-2.58;
P=.04) and multiple birth (OR, 1.70;
95% CI, 1.04-2.77; P=.01) were asso-
ciated with an increased risk of infant
death (adjusted for gestational age).

Survival curves from birth to 365
days after birth for the 707 live-born in-
fants according to gestational age at
birth are shown in the FIGURE. Most of
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the deaths occurred early in the neo-
natal period. For infants who survived
24 hours, the chance of 1-year sur-
vival was significantly lower for those

born at 22 weeks than for those born
at 23 or 24 weeks (OR, 0.22; 95% CI,
0.06-0.71; P=.01), which in turn was
lower than the corresponding survival

for infants born at 25 or 26 weeks (OR,
0.50; 95% CI, 0.32-0.78; P=.002). For
infants who survived 28 days, no sig-
nificant association between gesta-

Table 1. Perinatal Characteristics of Live-Born Infants

Characteristic

No. With Event/No. in Group (%) by Gestational Age in Weeksa

�22
(n = 51)b

23
(n = 101)

24
(n = 144)

25
(n = 205)

26
(n = 206)c

Total �27 wk
(n = 707)

Male sex 27/51 (53) 55/101 (55) 78/144 (54) 120/205 (59) 108/206 (52) 388/707 (55)

Twins and triplets 21/51 (41) 16/101 (16) 32/144 (22) 38/205 (18) 51/206 (25) 158/707 (22)

1-min Apgar score �3 35/51 (69) 53/101 (53) 63/144 (44) 59/205 (29) 34/206 (17) 244/707 (35)

5-min Apgar score �3 39/51 (77) 47/101 (47) 47/144 (33) 42/205 (21) 27/206 (13) 202/707 (29)

Small for gestational aged 4/50 (8) 7/100 (7) 16/142 (11) 39/205 (19) 48/206 (23) 114/703 (16)

Birth weight, median (range), ge 508
(280 to 730)

590
(320 to 808)

674
(374 to 1070)

784
(266 to 1235)

920
(430 to 1500)

730
(266 to 1500)

Birth weight standard deviation score,
median (interquartile range)f

−0.07
(−0.88 to −0.51)

−0.44
(−0.60 to 0.19)

−0.59
(−1.36 to 0.02)

−0.76
(−1.50 to −0.02)

−0.87
(−1.87 to −0.16)

−0.67
(−1.47 to 0.06)

Obstetric intervention
Iatrogenic preterm delivery 4/49 (8) 8/99 (8) 27/137 (20) 59/201 (29) 74/196 (38) 172/682 (25)

Tocolytic treatmentg 28/45 (62) 71/90 (78) 93/110 (84) 117/142 (82) 104/122 (85) 413/509 (81)

Antenatal steroids 20/49 (40) 85/99 (85) 130/137 (95) 176/198 (89) 180/193 (93) 591/676 (87)

Cesarean delivery 3/51 (6) 17/101 (16) 67/144 (46) 128/205 (62) 141/206 (68) 356/707 (50)

Delivery at level III hospital 24/51 (47) 79/101 (78) 129/144 (90) 166/205 (81) 160/206 (78) 558/707 (79)

Neonatal intervention
Neonatologist attending at birth 24/50 (48) 83/100 (83) 130/142 (92) 180/205 (88) 170/206 (83) 587/703 (83)

Intubation at birth 13/22 (59) 68/84 (81) 113/142 (80) 126/202 (62) 80/206 (39) 400/656 (61)

Surfactant administration
within 2 hours after birth

14/43 (33) 72/95 (76) 120/140 (86) 153/203 (75) 138/205 (67) 497/686 (72)

Admission for neonatal care
All live-born infants 19/50 (38) 81/100 (81) 132/142 (93) 200/205 (98) 206/206 (100) 638/703 (91)

Outborn infantsh 6/19 (32) 13/81 (16) 15/132 (11) 37/200 (19) 46/206 (22) 117/638 (18)

Transport to level III carei 6/51 (12) 13/101 (13) 15/144 (10) 37/205 (18) 46/206 (22) 117/707 (17)
aNumber in group denotes the number of infants with available relevant information.
bCategory denotes gestational age of 22 weeks 0 days to 22 weeks 6 days but also includes 1 infant born at 21 weeks 5 days and 1 infant born at 21 weeks 6 days.
cCategory denotes gestational age of 26 weeks 0 days to 26 weeks 6 days.
dBirth weight smaller than 2 SDs below the mean of the Swedish standard for intrauterine growth.33

eReported numbers of infants by gestational age for 22 weeks or younger, 23 weeks, 24 weeks, 25 weeks, and 26 weeks are 50, 100, 142, 205, and 206, respectively.
fStandard deviation scores (mean minus actual value/standard deviation) are based on the Swedish standard for intrauterine growth.
gTocolytic treatment in the subgroup with spontaneous preterm labor only.
hPercent outborn infants of all live-born infants admitted to level III hospitals.
i Infants born at level I or level II hospitals and transported postnatally to level III care as proportion of all admitted live-born infants.

Table 2. Mortality by Gestational Age for All Infants and Live-Born Infants

No. (%) of Infants by Gestational Age, wk

�22a 23 24 25 26b Total �27 wk

All infants (n=142) (n=183) (n=191) (n=250) (n=245) (N=1011)

Perinatal death 132 (93) 121 (66) 77 (40) 68 (27) 58 (24) 456 (45)

Stillbirth 91 (64) 82 (45) 47 (25) 45 (18) 39 (16) 304 (30)

Intrapartum death 40 (28) 19 (10) 2 (1) 3 (1.2) 2 (0.8) 66 (6.5)

Live-born infants (n=51) (n=101) (n=144) (n=205) (n=206) (N=707)

Neonatal death 45 (88) 46 (46) 41 (29) 29 (14) 26 (13) 187 (26)

Early neonatal death, 0-6 days 41 (80) 39 (39) 30 (21) 23 (11) 19 (9.2) 152 (22)

Delivery room death 28 (55) 16 (16) 10 (6.9) 4 (2) 0 58 (8.2)

Late neonatal death, 7-27 days 4 (7.8) 7 (6.9) 11 (7.6) 6 (2.9) 7 (3.4) 35 (5)

Infant death, 0-365 days 46 (90) 48 (48) 48 (33) 38 (19) 30 (15) 210 (30)
aCategory denotes gestational age of 22 weeks 0 days to 22 weeks 6 days but also includes 1 infant born at 21 weeks 5 days and 1 infant born at 21 weeks 6 days.
bCategory denotes gestational age of 26 weeks 0 days to 26 weeks 6 days.
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tional age at birth and 1-year survival
could be detected (P=.08).

Overall survival at 1 year of age for
infants born alive was 70%: for those
born at 22 weeks it was 9.8%; at 23
weeks 53%; at 24 weeks 67%; at 25
weeks 82%; and at 26 weeks 85% (ab-
solute numbers in TABLE 3). The over-
all survival including stillbirths in the
denominator was 49% and for 22, 23,
24, 25, and 26 weeks, it was 3.5%, 29%,
50%, 67%, and 72%, respectively. Of the
104 deaths occurring at least 24 hours
after admission to a neonatal inten-
sive care unit, 42 (40%) involved a de-
cision to withdraw intensive care due
to anticipated poor long-term progno-
sis. The percentages of death due to in-

tensive care withdrawal ranged from
57% at 22 weeks to 29% at 26 weeks.

Of 497 infants who survived to 1
year, 5.6% (28) had cystic periventricu-
lar leukomalacia, 5.8% (29) had nec-
rotizing enterocolitis, 10% (50 of 493
with available information) had intra-
ventricular hemorrhage (� grade 2),
34% (169 of 493) had retinopathy of
prematurity (� stage 2), and 25% (113
of 452) had severe bronchopulmo-
nary dysplasia. Among these same sur-
vivors, 226 (45%) had been dis-
charged from the hospital without
major neonatal morbidity (Table 3).
The percentages ranged from 20% at 22
weeks to 63% at 26 weeks; the associa-
tion with gestational age was statisti-

cally significant (OR for 1-week in-
crease, 2.17; 95% CI, 1.67-2.78;
P� .001).

Antenatal treatment with tocolyt-
ics, corticosteroids, or both; surfac-
tant treatment within 2 hours after
birth; and birth at a level III hospital
were significantly associated with lower
risk of infant death, before and after ad-
justment for gestational age (TABLE 4).
Cesarean delivery was not associated
with a significantly increased chance of
survival after adjustment for gesta-
tional age. Birth at a level III hospital,
which was associated with a lower risk
of infant death in the univariate analy-
sis and in the analysis with adjust-
ment for gestational age, was not found

Figure. Survival Curves for Infants Born Alive According to Gestational Age
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All surviving infants were followed up for 365 days; therefore, only the initial numbers of infants at risk are shown. Error bars are 95% Kaplan-Meier survival estimates
at 60 minutes, 24 hours, 28 days, and 12 months.
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to be significantly protective in the mul-
tivariate analysis.

COMMENT
This study showed 45% perinatal mor-
tality, and 1-year survival of 70% of live-
born extremely preterm infants. As
expected, live-born infants had consid-
erable morbidity in the neonatal pe-
riod. Studies on their long-term neu-

rodevelopmental outcome are therefore
warranted and in progress.

The strengths of this study include
the population-based and prospective
enrollment representing a large num-
ber of births occurring extremely pre-
term, including antenatal and intrapar-
tum stillbirths and infants born alive.
Population-based data are essential for
planning of health care, for determin-

ing temporal trends, and for compari-
sons with other results. Patients were
recruited over a 3-year period reflect-
ing present perinatal practice in Swe-
den. The cohort was stratified by ges-
tational age estimated by ultrasound in
practically all pregnancies. Infant sur-
vival was determined at several time
points ending at 1 year of age, which
provided detailed data for parental

Table 3. One-Year Survival, Major Neonatal Morbidity Among Survivors, and Survival Without Major Neonatal Morbidity

No. With Event/No. in Group (%)

Gestational Age, wk

Total �27 wk�22a 23 24 25 26b

Survival 365 days
All infants including stillbirths 5/142 (3.5) 53/183 (29) 96/191 (50) 167/250 (67) 176/245 (72) 497/1011 (49)

Live-born infants 5/51 (9.8) 53/101 (53) 96/144 (67) 167/205 (82) 176/206 (85) 497/707 (70)

Infants admitted to neonatal intensive care unit 5/19 (26) 53/81 (65) 96/132 (73) 167/200 (84) 176/204 (86) 497/636 (78)

Survival 365 days with major neonatal morbidityc

Intraventricular hemorrhage grade �2 1/5 (20) 10/53 (19) 10/96 (10) 20/166 (12) 9/173 (5.2) 50/493 (10)

Retinopathy of prematurity stage �2 4/5 (80) 33/53 (62) 45/94 (48) 54/167 (32) 33/174 (19) 169/493 (34)

Severe bronchopulmonary dysplasia 2/5 (40) 13/49 (26) 27/87 (31) 45/153 (29) 26/158 (17) 113/452 (25)

Periventricular leukomalacia 0/5 (0) 5/53 (9.4) 6/96 (6.2) 9/167 (5.4) 8/176 (4.5) 28/497 (5.6)

Necrotizing enterocolitis 0/5 (0) 1/53 (1.9) 9/96 (9.4) 10/167 (6.0) 9/176 (5.1) 29/497 (5.8)

Survival 365 days without major neonatal morbidityd

Live-born infants 1/51 (2) 9/101 (8.9) 30/144 (21) 75/205 (37) 111/206 (54) 226/707 (32)

Survivors at 1 year 1/5 (20) 9/53 (17) 30/96 (31) 75/167 (45) 111/176 (63) 226/497 (45)
aCategory denotes gestational age of 22 weeks 0 days to 22 weeks 6 days but also includes 1 infant born at 21 weeks 5 days and 1 infant born at 21 weeks 6 days.
bCategory denotes gestational age of 26 weeks 0 days to 26 weeks 6 days.
c Infants with known information in denominator.
dSurvival without any of the major neonatal morbidities (intraventricular hemorrhage, retinopathy of prematurity, severe bronchopulmonary dysplasia, periventricular leukomalacia, or

necrotizing enterocolitis) as described. Denominators are for all infants, including 21 infants without reported morbidity but with some information missing.

Table 4. Association Between Perinatal Interventions and Risk of Death to Age 1 Year Among Live-Born Infants

Live-Born Infants Odds Ratio (95% Confidence Interval)a

All
(n = 707), No.b

Dead at 0-364 d
(n = 210), No. (%) Crude Adjustedc Multivariate Modeld

Tocolytic treatment
Yes 413 110 (27) 0.36 (0.23-0.57) 0.43 (0.36-0.52) 0.60 (0.39-0.94)

No 96 48 (50) 1 [Reference] 1 [Reference] 1 [Reference]

Antenatal corticosteroids
Yes 591 144 (24) 0.31 (0.18-0.54) 0.44 (0.24-0.81) 0.41 (0.20-0.81)

No 85 55 (65) 1 [Reference] 1 [Reference] 1 [Reference]

Cesarean delivery
Yes 356 75 (21) 0.43 (0.31-0.60) 0.89 (0.60-1.32) 0.98 (0.62-1.52)

No 351 135 (39) 1 [Reference] 1 [Reference] 1 [Reference]

Surfactant administered
within 2 hours after birth

Yes 497 116 (23) 0.47 (0.33-0.68) 0.47 (0.32-0.71) 0.48 (0.31-0.74)

No 189 74 (39) 1 [Reference] 1 [Reference] 1 [Reference]

Born at level III hospital
Yes 558 145 (26) 0.45 (0.31-0.66) 0.49 (0.32-0.75) 0.78 (0.45-1.35)

No 149 65 (44) 1 [Reference] 1 [Reference] 1 [Reference]
aOdds ratios were obtained from logistic regression analysis (simple and adjusted for gestational age) and from a multivariate model including gestational age and all evaluated

interventions listed in the table.
bAll live-born infants with available information.
cAdjusted for gestational age at birth.
dOnly 659 infants with all available information were included in the model (of these, 185 [28%] died at 0-364 days); evaluated with Hosmer-Lemeshow goodness of fit test (P=.27).
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counseling and decision making at vari-
ous points in time. Accordingly, this
study fulfills all criteria for realistic sur-
vival figures as previously proposed.22

One limitation, shared with other
studies using ultrasonography for es-
timating gestational age, is that some
infants with early intrauterine growth
restriction might have been assigned a
falsely low gestational age. Such erro-
neous correction of gestational age done
only a few weeks before birth might also
explain the found increase in SGA per-
centages with gestational age; possi-
bly at higher gestational weeks, the pro-
cess of intrauterine growth restriction
has continued for a longer time, thus
causing more fetuses to become SGA.
Furthermore, because of the observa-
tional design of the study, associa-
tions between interventions and out-
come should be interpreted with
caution. Some data could not be re-
trieved and the numbers of live-born in-
fants at 22 weeks of gestational age, as
well as in some subgroups, were small.
Because the purpose of this report is to
provide survival data, neonatal mor-
bidity has not been reported in detail.

In a Swedish cohort born between
1990 and 1992 and comprising all in-
fants with a birth weight of 1000 g or
less (n=931), care was less interven-
tional.26 Half of the infants were deliv-
ered at a level III hospital, one-fifth re-
ceived antenatal steroids, and one-
fourth were treated with surfactant.
Among infants born at 23 and 24 weeks
of gestation, many were stillborn and
a majority of those born alive died in
the delivery room. The survival to 1 year
was only 8% and 28%, respectively.26

Patient management followed na-
tional guidelines to refrain from care of
infants delivered at less than 25 weeks
gestational age because of anticipated
poor outcome. In 2001, the National
Board of Health and Welfare pub-
lished an expert report on perinatal
management of extreme prematurity,
which stressed centralization of peri-
natal services for women delivering ex-
tremely preterm. It also encouraged in-
dividualized evaluation of the mother
and infant, departing from previous rec-

ommendations based on gestational age
thresholds alone. We believe that the
endorsement of these guidelines has
contributed to the higher survival rates
reported in this study.

As expected, 1-year survival of 70%
for extremely preterm infants was lower
than has been reported for preterm in-
fants born at higher gestational ages. In
Sweden from 1992 to 1998, 93% of
singleton infants born alive to primipa-
rous mothers after 28 to 31 weeks of
gestation survived to 1 year of age.2

Few population-based studies pub-
lished in 2000 or later have reported
stillbirths when reporting on ex-
tremely preterm delivery.5,14-17 When the
stillbirth rate in this study was ex-
pressed as a percentage of all births, it
was similar to the rate in other Nordic
countries.14 ,17 However, in non-
Nordic countries, stillbirths are re-
ported to be more prevalent.5,15 This
could partly be explained by differ-
ences in rates of intrapartum deaths. In
2 European studies,5,15 the reported in-
trapartum death rates varied from 40%
to 97% at 22 weeks, 20% to 75% at 23
weeks, 12% to 36% at 24 weeks, and
5% to 22% at 25 weeks, whereas cor-
responding figures in this study were
44%, 16%, 1%, and 1%, respectively.

The most important finding in this
study is the high survival of extremely
preterm infants born alive. Survival
rates at hospital discharge in recent
population-based studies have been re-
ported as 0% at 22 weeks, 6% to 26%
at 23 weeks, and 29% to 55% at 24
weeks.5,14-17 In comparison, the 1-year
survival rates in our study for infants
born at 22, 23, and 24 weeks were 10%,
53%, and 67%, respectively. In this con-
text, we note that the case-mix, ie, the
proportions of infants with known risk
factors for adverse outcome such as
male sex (55%), pregnancy of mul-
tiples (22%), SGA (16%), and 5-minute
Apgar score of 3 or less (29%), were
similar to those reported from other
countries.9,14,31

The wide variation in admission for
neonatal intensive care in different parts
of Europe, ranging from 0% to 80% in
infants alive at onset of delivery and

born before 24 weeks of gestation,16

clearly indicates that a large propor-
tion of variation in infant survival re-
flects differences in care management
around birth. In our study, the percent-
age of delivery room deaths in infants
born alive (8.2%) was lower than the
percentage reported by other stud-
ies.5,14,15,17 In this study, survival rates
based on the number of admitted pa-
tients were comparatively high and are
thought to reflect the quality of neo-
natal intensive care in Sweden. In a re-
cent study from Great Britain,15 the sur-
vival rates of admitted infants at 22, 23,
24, and 25 weeks were 0%, 18%, 41%,
and 63%, respectively, compared with
26%, 65%, 73%, and 84%, respec-
tively, in this study. Here, 40% of deaths
occurring at least 24 hours after admis-
sion to the neonatal intensive care unit
involved a decision to withdraw inten-
sive care on the basis of anticipated poor
long-term prognosis. The practice of
withdrawal of neonatal intensive care
is known to vary significantly among
countries and regions40 and might partly
explain variations in survival rates.

This study revealed high rates of in-
terventions reflecting a proactive ap-
proach to perinatal and neonatal care.
Of infants born alive, 4 out of 5 were
delivered at level III hospitals and the
use of tocolytic treatment, administra-
tion of antenatal corticosteroids, atten-
dance of a neonatologist at delivery, in-
tubation at birth, and administration of
surfactant were frequent. At 24 weeks,
almost half of the infants were deliv-
ered by cesarean section and the num-
ber increased further with advancing
gestational age. Of infants born alive at
23 to 26 weeks of gestation, 95% were
admitted for neonatal intensive care.
However, at 22 weeks of gestation, our
findings reflect a more selective use of
perinatal interventions

Although observational, this study
sheds some light on the effectiveness
of perinatal interventions in ex-
tremely short gestations that have not
been or are unlikely to be tested in ran-
domized trials. Tocolysis, antenatal ste-
roids, and surfactant administration be-
fore 2 hours of postnatal age were
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independently associated with a re-
duced risk for infant death. However,
in contrast to the findings of a recent
and larger study,41 cesarean delivery was
not associated with survival advan-
tages. Also, we could not show that the
attendance of a neonatologist in the de-
livery room and intubation at birth were
associated with significantly lower mor-
tality. These findings might be ex-
plained by methodological flaws, but
they may also reflect the fact that de-
livery room care is neither standard-
ized nor evidence based.42,43 Ex-
tremely preterm infants born at level I
or level II hospitals had an almost
doubled mortality (44%), as com-
pared with infants born at level III hos-
pitals (26%). This excess mortality risk
for extremely preterm infants born in
general hospitals has been previously
described17,29,30 and found to be un-
changed even after acute obstetric com-
plications are taken into account.2 How-
ever, when adjusted for the use of
perinatal interventions, birth at a level
III hospital was no longer associated
with a reduced risk, implying that the
survival advantage of birth at a level III
hospital was related to the use of in-
terventions.

The goal of neonatal intensive care is
survival without unacceptable severe
morbidity. Major neonatal morbidity,
such as periventricular leukomalacia,
severe degrees of intraventricular hem-
orrhage, retinopathy of prematurity, and
bronchopulmonary dysplasia, are of sig-
nificant concern because they are asso-
ciated with an increased risk for poor
long-term outcome.44 The proportion of
surviving infants who were free of major
neonatal morbidity was 45% in the total
cohort. One-year survival without any
major neonatal morbidity exhibited a
strong correlation with gestational age
ranging from 20% at 22 weeks to 63% at
26 weeks of gestation (Table 3). Before
a complete assessment of outcome can
bemade, themorbidityrates foundinthis
study require further analyses of early
prognostic indicators and risk factors, as
well as a careful follow-up of survivors.
In other studies that used broadly simi-
lardefinitions,percentageswithoutmajor

neonatal morbidity varied from 19% to
79% among survivors.6,14

Population differences in Sweden vs
other countries must be considered when
interpreting our results. In Sweden, the
general health of the population has been
good for more than 2 generations and the
health policy is egalitarian—contracep-
tion is subsidized for teenagers and abor-
tion legislation is liberal. Adherence with
the antenatal health care program is
nearly universal. These factors may have
contributed to a lower risk of extremely
preterm delivery. However, the effect on
improved survival once an infant has
been delivered remains to be clarified.
We believe that the results can be gen-
eralized to countries with universal ac-
cess to health care and active perinatal
programs.

In summary, overall 1-year survival
was 70% in extremely preterm infants
born alive at 22 to 26 weeks of gesta-
tion in Sweden during 2004-2007. Pro-
active perinatal management is likely to
have contributed to this outcome. There-
fore, noninitiation or withdrawal of in-
tensive care for extremely preterm in-
fants cannot be based solely on a notion
of unlikely survival. This is not to sug-
gest that all extremely preterm live-
born infants should be kept alive at any
cost. The prognosis, based on an indi-
vidual assessment, including early and
subsequent morbidities, and parental de-
sires are still the most important factors
in decision making.44

Whether survival is in the best in-
terest of the infant and family will have
to be continuously reassessed. Long-
term health of survivors, with focus on
neurodevelopment and cognition, is
being investigated in a follow-up study
at 30 months of corrected age.
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Holmgren, MD, PhD, Department of Clinical Sci-
ences, Obstetrics, and Gynecology, Umeå Univer-
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Maršál, Nordén Lindeberg, Norman, Olhager, Östlund,
Serenius, Simic, Sjörs, Stigson, Stjernqvist, Strömberg,
Wennergren, Westgren.
Analysis and interpretation of data: Blennow, Ewald,
Fellman, Fritz, Hellström-Westas, Holmgren,
Holmström, Jeppsson, Källén, Lagercrantz, Laurini,
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versity and used to compensate the 2 research ad-
ministrators working part time with conduct of the
study and collection and management of the data. Ka-
rin Källén, PhD, reported grant support from the Evy
and Gunnar Sandberg Foundation.
Role of the Sponsor: None of the sponsors had any
role in the design of the study; analysis and interpre-
tation of the data; or in the preparation, review, or
approval of the manuscript.
Additional Contributions: The administrative sup-
port by Kerstin Nordstrand, RN, the Swedish Na-
tional Board of Health and Welfare, and the techni-
cal assistance with data collection by Ingrid Hansson,
laboratory assistant, and Grozda Pajic, Lund Univer-
sity, are gratefully acknowledged. We thank Stellan
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