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ABSTRACT
Objective. To analyze survival and relevant
morbidity by gestational age (GA) in very low
birth weight (VLBW) infants (<1500 g) and, based
on these data, develop a fact sheet to provide
information to perinatal healthcare providers and
very low birth weight preterm infants´parents.
Study Design. Data were prospectively collected
in relation to newborn infants with a birth
weight between 500 g and 1500 g admitted to
45 sites of the Neocosur Neonatal Network (Red
Neonatal Neocosur) between January 2001 and
December 2011.
Results. Data on 8234 VLBW with a GA
between 24+0 and 31+6 weeks were analyzed.
Overall mortality was 26% (95% CI: 25.0-26.9),
including 2.6% of deaths in the delivery room.
Fact sheets for survival and morbidity for each
week of gestation were developed based on
collected data. Survival at discharge increased
from 29% at 24 weeks of GA to 91% at 31 weeks
of GA (p < 0.001). The incidence of relevant
neonatal morbidity was inversely related to
GA (p < 0.001). Overall, 30.8% had retinopathy
of prematurity, 25% bronchopulmonary
dysplasia, 10.9% necrotizing enterocolitis, 7.2%
severe intraventricular hemorrhage, and 4.6%
periventricular leukomalacia. Among survivors,
47.3% had none of these five conditions.
Conclusions. A tool for use in a clinical setting
was developed based on updated regional data
for establishing week-to-week survival and
morbidity of newborn infants born between 24+0
and 31+6 weeks of GA. This information could
be used to make decisions related to perinatal
care and for counseling parents.
Key words: very low birth weight infant, gestational
age, survival, morbidity.
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INTRODUCTION
Prematurity has been a growing
health problem around the world,
with a global incidence of 11.1% and
significant geographic differences,
ranging from 5% in developed
countries to 18% in low-income
countries.1
Prematurity is the main cause of
perinatal morbidity and mortality
and the second leading cause of
death in children younger than

5 years old, and results in a million
deaths every year.2,3
Although very low birth weight
(VLBW) infants, those born with a
weight less than 1500 g, account for
1%-1.5% of all births, they significantly
contribute to neonatal (50%-70%) and
infant (25%-40%) mortality in the
South American region.4-6
Survival in this group has
increased worldwide, especially in
the past 20 years,7-9 with marked intraand inter-countries differences. 6,10
However, such survival has been
accompanied by a high percentage
of potentially serious long-term
sequelae. In addition to the younger
gestational age (GA) and lower
birth weight (BW),11,12the presence of
intraventricular hemorrhage (IVH),
periventricular leukomalacia (PVL),
bronchopulmonary dysplasia (BPD),
retinopathy of prematurity (ROP),
and necrotizing enterocolitis (NEC)1318
has been associated with a worse
prognosis.
Clinical management of very
low birth weight preterm infants
may depend on the perception that
healthcare providers have regarding
their expectancy of survival, which is
usually underestimated by doctors, as
shown by different studies.19,20Actual
estimations of the prognosis of VLBW
survival and morbidity are essential,
and such information will help to
make perinatal care decisions and
provide information to parents. It has
been shown that visual methods work
better for communicating complex
information.21
Our objective is to analyze the
variation observed in terms of survival
and most relevant pathologies in
relation to the long-term prognosis of
VLBW based on their GA and using
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regional and updated data from a regional
neonatal network. Such results would allow
us to prepare an easy and practical visual tool
to provide information to perinatal healthcare
providers and VLBW parents.
POPULATION AND METHODS
Design. Retrospective cohort study
Population. Our study was based on the
Neocosur Neonatal Network (Red Neonatal
Neocosur) database, which currently includes
26 neonatal intensive care units (NICUs) from
six South American countries: Argentina, Brazil,
Chile, Paraguay, Peru and Uruguay.
All member sites are affiliated teaching tertiary
care facilities. The network offers an ongoing
database that prospectively collects data on VLBW
(BW between 500 g and 1500 g) born at member
sites. Data are collected for all newborn infants
until discharge or death. Those transferred to or
from other sites and stillbirths are excluded. Site
and patient identity is kept confidential.
For data validation, cases included in the
network are periodically reviewed by two
trained nurses, who contact sites in case of
missing or inconsistent information. The database
is reviewed annually by a statistician and a
neonatologist from the Database Unit. Analyzed
data are presented in an annual report with the
network’s updated results.
In this study, included data referred to live
newborn infants (NBIs) with a BW between
500 g and 1500 g and a GA between 24 +0 and
31 +6 weeks hospitalized between January 2001
and December 2011 in any of the 15 sites that
have participated in the Neocosur Network for
ten or more years. The 24+0 week lower limit was
selected because it is considered controversial to
perform resuscitation techniques at a younger
GA and because many younger NBIs weigh
less than 500 g. NBIs with life-threatening major
malformations were excluded.
Demographic data and clinical results were
prospectively and systematically recorded at the
Neocosur Network sites using an online electronic
form available in their web site (www.neocosur.org).
Definitions
Diagnostic criteria for included pathologies
were predefined by the Neocosur Network.
Mortality was defined as death before hospital
discharge, including death in the delivery room.
GA was determined using the best obstetric
estimate based on the last menstrual cycle,

obstetric factors and prenatal ultrasounds
during the first, second or third trimesters,
if available. BPD was defined as oxygen
requirement at 36 weeks of corrected GA.22 IVH
was diagnosed with cranial ultrasonography
or autopsy, and was classified according to
Papile and Bursten, 23who categorize grade III
and IV IVH as severe. PVL was diagnosed by
the presence of an intraparenchymal necrotic
lesion in the white matter identified in cranial
ultrasonography. NEC was defined according to
Bell’s criteria24 and confirmed using an abdomen
X-ray (pneumatosis and/or perforation), surgical
findings or an autopsy. ROP was diagnosed with
a test administered by an ophthalmologist as of
28 days of life and categorized as grade 1 to 5 as
per the international classification.25
Ethical Considerations
The study was approved by the Ethics
Committee of Pontificia Universidad Católica de
Chile.
Statistical Analysis
Survival at discharge was estimated for all
patients according to their GA. The incidence
of neonatal relevant morbidities was estimated
based on survivors. Included morbidities were
ROP, BPD, NEC, PVL and severe IVH. The
percentage of survivors with no morbidity was
also estimated, i.e., those who did not have any
of these five pathologies.
Outcome measures included in the analysis
were GA, BW, sex, antenatal corticosteroid
therapy, antenatal care, maternal age,
multiple pregnancy, and mode of delivery.
Continuous outcome measures are described
as average ± standard deviation (SD), while
categorical outcome measures are described
as number of cases and percentage. To assess
differences between deceased and living NBIs,
Student’s t tests were performed for independent
samples in the case of continuous outcome
measures, while Pearson’s chi-square tests were
used in the case of categorical outcome measures.
In addition, survival and comorbidities
incidences were described for each GA week
using percentages and 95% confidence intervals
(CI). Linear trends in these incidences were
assessed by estimating p values with CochraneArmitage’s test. Spearman’s correlation test was
used to assess the linear association between GA
and BW.
All p values were estimated using two-tailed
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tests, and those lower than 0.05 were considered
significant.
Data were analyzed using the SPSS 17.0
statistical software.
RESULTS
General Data
A total of 13 181 VLBW were born in the
26 sites member of the Neocosur Neonatal
Network between January 1st, 2001 and December
31st, 2011. Of them, 8234 who met the inclusion
criteria were analyzed (Figure 1).
Table 1 summarizes demographic
characteristics for the overall analyzed
population, both survivors and deceased. There
were no survival data for 48 cases (0.6% loss).
Survival at Discharge
Of the 8234 analyzed NBIs, 18.5% were born at
30 weeks of GA, while 6.6% were born at 24 weeks
of GA. Of them, 74% (n = 6060) survived until
discharge, 2.6% died in the delivery room, and
23.4% died while hospitalized. Specific survival
by GA for all NBIs progressively increased with a
greater GA (p < 0.001) and ranged between 28.6%
in NBIs born at 24 weeks and 90.6% in those born at
31 weeks (Figure 2). The highest increase in survival
occurred between 24 and 25 weeks of GA, with
an 18.1% increase. Such increase was less evident
between 29 and 31 weeks (from 2.3% to 2.8%).
Table 2 shows the demographic characteristics, the
incidence of mortality and morbidity-free survival
per week of GA.
Neonatal Mortality
Figure 3 shows the incidence, overall and by

GA, of most relevant pathologies in relation
to long-term prognosis. The most frequent
conditions were ROP (30.8%) and BPD (25%),
while PVL was the less frequent one (4.6%).
Among survivors, 47.3% had none of these five
conditions. The incidence of ROP, BPD, NEC,
severe IVH and PLV was inversely related to GA
(p < 0.001); see Figure 3.
Visual Aids
Based on analysis data and a template
previously used by Guillén U., et al.,21a fact sheet
was developed to show survival for each GA
week (Figure 2). A second fact sheet was developed
Figure 1. Patient flowchart, Neocosur Network, 2001-2011
Neocosur Networkdatabase
01/01/2001-12/31/2011
n= 13 181
- Sites with >10 years
		 at Neocosur (n= 2130)
n=11 031
- GA < 24 weeks (n= 429)
- GA ≥ 32 weeks (n= 2274)
- No GA recorded (n= 2)
n= 8346
- Life-threatening major
		 malformations (n= 112)
Study population
n= 8234

Table 1. Characteristics of the study population, Neocosur Network, 2001-2011
Demographic characteristics

Live newborn infants born with 500 g-1500 g
Total (n= 8186)*
Survivors (n= 6060)
Deceased (n= 2126)

p value

Gestational age (weeks)

28.1±2.1

28.6±1.9

26.8±2.1

<0.001

Birth weight (g)

1047±262

1109±240

869±239

<0.001

Maternal age (years)

27.4±7.4

27.7±7.4

26.7±7.3

<0.001

Male gender (%)

52.2

50.8

55.9

<0.001

Antenatal corticosteroids (%)†

78.4

83.4

63.9

<0.001

Antenatal care (%)

87.1

89.7

79.6

<0.001

Multiple pregnancy (%)

18.5

19.3

16.2

0.002

C-section (%)#

68.3

71.7

58.6

<0.001

Continuous outcome measures are expressed as average ± SD.
*Lack of data for 48 cases (0.6% loss).
† At least one dose.
# C-section with and without labor.
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to show the incidence of these five pathologies
included in the analysis by week of GA (Table 3).
All values included in the fact sheets were
rounded up to the nearest conservative multiple

of 5. The survival and incidence of pathologies are
expressed as percentage with its respective 95%
confidence interval between brackets.
These fact sheets are available online as

Figure 2. Fact sheets illustrating survival at discharge by gestational age for very low birth weight infants born at sites
members of the Neocosur Neonatal Network between January 2001 and December 2011. Average survival (%) for each week
of gestational age and the corresponding 95% confidence interval are shown.
weeks

28-28+6

Survival by gestational age
Prognosis in very low birth weight
weeks

24-24+6
weeks

77% (75%-80%)

29-29

+6

29% (29%-33%)
weeks

25-25

+6

86% (84%-87%)
weeks

30-30+6
47% (43%-51%)
weeks

26-26

+6

88% (86%-89%)

weeks

31-31+6
59% (55%-62%)
weeks

27-27+6
91% (89%-92%)

Average survival
Survived
Deceased
95% CI (confidence interval)

70% (68%-73%)

Table 2. Demographic characteristics, mortality and morbidity-free neonatal survival in the study population by week of
gestational age, Neocosur Network, 2001-2011
GA (weeks)
n (%)
PN (g)
			

Male
gender (%)

Antenatal
Mortality (%)
corticosteroids (%)		

Morbidity-free
survival* (%)

24

540 (6.6)

698±131

57.5

63.6

71.4

6.4

25

643 (7.8)

761±134

52.0

76.9

53.3

10.3

26

806 (9.8)

849±169

54.8

75.9

41.1

20.1

27

1026 (12.5)

951±187

52.5

79.3

29.6

30.3

28

1334 (16.2)

1049±214

53.9

79.1

22.7

45.8

29

1319 (16.0)

1151±216

51.9

80.3

14.5

53.5

30

1522 (18.5)

1217±203

49.9

79.7

12.2

62.3

31

1044 (12.7)

1257±192

48.5

81.4

9.4

68.4

Total

8234 (100)

1046±262

52.2

78.2

26.0

47.3

<0.001#

<0.001#

0.001#

p value		

<0.001†		

GA: gestational age; BW: birth weight, expressed as average ± SD.
* Survival with no ROP, BPD, severe IVH, PVL, NEC.
† p value estimated as per Spearman’s correlation test.
# p value estimated as per Cochrane-Armitage’s trend test.
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DISCUSSION
This was an innovative study because of three
reasons: a) it describes the survival and incidence
of relevant morbidity for VLBW born between
24+0 and 31+6 weeks of GA using regional data; b)
results are analyzed based on week of GA; c) a
visual tool was developed to be used as an aid in
the clinical setting.
According to WHO data, 2 more than 90%
of extremely premature infants born in lowincome countries die in their first days of life
due to inadequate neonatal care; however, less
than 10% of infants born at this GA die in highincome countries. It is therefore essential to
collect regional data regarding the morbidity and
mortality of these infants. At present, the overall
mortality of VLBW according to the Neocosur
Network is 26% (95% CI: 25.0-26.9).
To our knowledge, this is the first updated
report in the literature based on a South American
patient database. The Neocosur Network
published a previous report 6 in 2002, which
included only 11 sites and 385 cases.
Mortality in infants with a birth weight less
than 1500 g reported by neonatal networks from
developed countries (EuroNeoNet, Vermont
Oxford, Canadian Neonatal Network, NICHD)
ranges between 12.4% and 28%.26-29
However, caution should be exercised when

analyzing these differences because mortality
rates vary significantly depending on the
denominator used30 and because many studies
do not even specify the denominator used. In our
study, mortality was estimated based on all living
NBIs, including those who die in the delivery
room; this is similar to the mortality rate reported
by the EuroNeoNet 26 (12.4%). As opposed to
this, the Canadian Neonatal Network29 reports
a mortality rate of 14.7% using as denominator
only NBIs admitted to the NICU. It should also

Figure 3. Survival and morbidity incidence by weeks of
gestational age

100
Incidence (%)
Incidencia
(%)

supplementary material together with this
printable publication.

80

Survival
Sobrevida
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ROP
BPD
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HIVIII-IV
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PVL
LPV
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0
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Gestacional
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ROP: retinopathy of prematurity; BPD: bronchopulmonary
dysplasia; PVL: periventricular leukomalacia;
NEC: necrotizing enterocolitis;
IVH, grade III-IV: severe intraventricular hemorrhage.

Table 3. Fact sheet to show the incidence of overall morbidity and by week of gestational age for very low birth weight infants
born at sites member of the Neocosur Neonatal Network between January 2001 and December 2011
Weeks

Bronchopulmonary
Necrotizing
Periventricular
Retinopathy
dysplasia
enterocolitis
leukomalacia
of prematurity
					

Intraventricular
hemorrhage
grade III and IV

Incidence 95% CI

Incidence 95% CI

Incidence 95% CI

Incidence 95% CI

Incidence 95% CI

24-24+6

64% (57-72)

25% (18-31)

9% (4-13)

79% (72-86)

24% (17-30)

25-25

+6

61% (55-67)

20% (15-24)

8% (5-11)

71% (65-76)

18% (14-23)

26-26+6

47% (43-52)

14% (11-17)

6% (4-9)

57% (53-62)

13% (10-16)

27-27+6

38% (35-42)

13% (11-16)

6% (4-7)

43% (39-47)

11% (8-13)

28-28+6

25% (22-28)

9% (7-11)

7% (5-8)

29% (26-32)

7% (5-8)

29-29+6

21% (18-23)

10% (8-11)

4% (2-5)

22% (19-24)

6% (5-7)

30-30

12% (10-14)

9% (7-10)

3% (2-4)

18% (16-20)

4% (3-5)

31-31+6

10% (8-12)

9% (7-11)

2% (1-3)

18% (15-20)

3% (1-4)

Total

25% (24-26)

11% (10-12)

5% (4-5)

31% (30-32)

7% (7-8)

+6
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be considered that inclusion criteria vary among
the different studies. For example, the NICHD28
includes infants born between 22 and 28 weeks of
GA with a BW between 401 g and 1500 g, while
our study included NBIs with a BW between
500 g and 1500 g but with a GA between 24+0 and
31+6 weeks.
Prematurity leads to multiple complications,
and many survivors face life-long disability. 31
Mortality is inversely related to GA; however,
there is no GA which is totally free of morbidity.
The five pathologies analyzed in this study were
selected due to their relevance in long-term
prognosis and their association to an increased
risk of neurological disability, from visual and
hearing impairment to cerebral palsy. 13-18 Our
findings that only 47.3% (Figure 3) of survivors are
morbidity-free are consistent with other reports.28
GA and BW are major determining factors for
survival and morbidity, and there is a combined
effect resulting from both variables.3,11,12 However,
GA has a greater influence on the prognosis of
VLBW.31 In addition, given that BW is unknown
before delivery, it is important to provide
information on the prognosis based on GA.
Week-to-week survival by GA is very useful in
perinatal care settings to decide on the chances of
delivery in situations where there is risk for both
the mother and the baby. In ourstudy, survival
by GA for all NBIs increases progressively with
a greater GA (p < 0.001) and ranges between
28.6% at 24 weeks of GA and 90.6% at 31 weeks
of GA (Figure 1), with an overall survival of
74% (95% CI: 73.1-75.0). The most remarkable
increase is observed between 24 and 25 weeks,
with 18.1% and estimated at 1.4% for each day in
the womb between 24+0 weeks and 30-31 weeks.
The studies by Bolisetty, et al.32 (Australia) and
Stoll, et al.28 (USA) analyzed similar survival and
morbidity variables on 2315 and 9575 patients,
respectively, and foundthat survival was greater
than that reported by our study for each week of
GA, and also a lower incidence for each of the
pathologies analyzed, which may be accounted
for by difference in the population, perinatal
practice and resource availability.
Perinatal clinical management of VLBW
may depend on the knowledge regarding their
expectancy of survival and the risk of long-term
sequelae.32 Our results could be used to improve
the quality of care provided to preterm NBIs
since it has been demonstrated that individual
clinical judgment tends to underestimate survival
probabilities in very low birth weight preterm

infants, especially those born at the threshold of
viability.19,20
Doctors and parents recognize that they
require information on the prognosis of very
low birth weight preterm infants (survival and
long-term sequelae). 21 The American Academy
of Pediatrics and the American College of
Obstetrics and Gynecology have indicated that
it is essential to inform future parents facing
an extremely preterm delivery of the prognosis
regarding survival and sequelae, and that this
information should be clear and consistent, based
on updated, local data.33-34 Most published results
tend to be tedious and hard to understand for
parents. Guillén, et al.21 and Paul, et al.35 found
that between 63% and 72% of parents prefer to
have quantitative data to qualitative assessments,
and 60% of them wish to have information on
survival, while they also express interest on
sequelae. Fifty-seven percent of interviewed
parents would rather have visual information,
which increased understanding from 39% to 71%
in parents who had no previous experience. 21
Seventy-seven percent of doctors believe that
visual aids (brochures, images, videos) may help
themcounsel and provide information to parents
during prenatal care.
Our study has the following strengths: it
provides updated information on the prognosis
of VLBW born in South America, based on a large
cohort which includes public and private sites,
and is therefore more relevant than individual
unit studies. We developed a simple and practical
tool to estimate the survival and morbidity
incidence for each week of GA. Notwithstanding,
our study has certain limitations: it is a
compilation of a multi-center database, where
there is missing data. The determination of
GA using the best obstetric estimate may be
inaccurate in some cases; however, given that
this is a very large sample, it should not impact
results. We did not include GA determined by
the neonatal examination because of the regional
differences observed in the neonatal practice.
In addition, since we did not include NBIs with
a BW less than 500 g, some patients that were
born at the GA analyzed in this study were
excluded. To sum up, we developed a fact sheet
that helps to establish week-to-week survival
and morbidity of infants born between 24+0 and
31+6 weeks of GA. With this information we were
able to provide an educational tool that can be
used to make perinatal care decisions and that
could be delivered to parents of very low birth
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weight preterm infants. We believe that this type
of instrument should be periodically updated for
each population and based on most recent data,
and it would also be very useful to prepare a sitespecific fact sheetaccording to each site’s reality. n
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