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Abstract: Objective: Describe the trend in mortality and identify risk factors for diminished survival in preterm very low
birth infants (VLBW) born at the Hospital Nacional Cayetano Heredia (HNCH) between 2002 and 2011.

Methods: Retrospective cohort that includes 549 VLBW babies born at the HNCH registered on a database created for a
multicentric network between 2002 and 2011. The chi-square test was used to determine associated factors with
mortality (p<0.05). Survival analysis was performed using the Kaplan-Meier curves with primary outcome being death
during hospital stay. Log rank test and Wilcoxon test were then applied to these curves. A multivariate analysis using the
Cox Model was performed.

Results: Overall mortality rate was 40.80%, 60.71% of which was attributed to early mortality and 39.29% to late
mortality. Associated factors were gestational age (HR: 0.85; IC 95%: 0.18-0.90; p<0.0001), prenatal steroids (HR: 1.46;
IC 95% 1.09-1.95; p< 0.011), neonatal resuscitation (HR: 1.50; IC 95% 1.06-2.13; p<0.021), early sepsis (HR: 1.52; IC
95%: 1.01-2.28; p<0.043), respiratory distress syndrome (RDS) (HR: 8.47; IC 95%: 3.50-20.46; p<0.0001) and CPAP
(continuous positive airway pressure) (HR: 0.25; IC 95%: 0.18-0.34; p<0.0001). Factors associated with neonatal
survival were gestational age, neonatal resuscitation, early sepsis, RDS and CPAP.

Conclusion: Mortality in VLBW infants has declined considerably in this Peruvian hospital in the 2002-2011 period. The

risk factor with the highest association to mortality in this population was RDS.
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1. INTRODUCTION

Neonatal mortality represents approximately 35-
40% of mortality in infants and children under 5 years
of age. The greatest risk for these newborns occurs
during the first weeks of life, and even more so for
babies born with low weight. This makes neonatal
mortality and the associated factors important
indicators of health care [1]. When comparing various
countries with different development indexes there are
great variations in mortality rates [2]. Japan has a rate
of one newborn death per one-thousand live births,
while Somalia presents a rate of 51 deaths per one-
thousand live births [3]. In South America, Chile and
Brazil have rates of 5 and 6 deaths per one-thousand
live births, respectively. Different from that, the Ministry
of Health in Peru states a rate of 9 deaths per one-
thousand live births [3].

While it is common knowledge that neonatal
mortality is multifactorial, it is also known that there is a
greater risk in very-low-birth-weight (VLBW) preterm
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newborns [4]. Some series consider VLBW infants to
comprise only 1.5% of all live births, but more
importantly, their mortality represents around 50% of
infant deaths and one third of newborn mortality. A
study conducted in Peru by Un Jan, collected data from
the years 2000 to 2002 in a tertiary hospital and
reported a mortality of 36.5% for VLBW newborns [4].
In this population, mortality can also be described as
early or late. This differentiation partially helps
underscore the significance of different factors affecting
mortality at different times (early Vs late). Risk factors
associated with early mortality are most often related to
prenatal conditions, while late mortality is more often
affected by postnatal conditions and NICU
management [5-9].

There are multiple studies that identify various
factors associated with neonatal mortality in the
preterm VLBW group, such as gestational age (GA)
under 28weeks, absence of prenatal care, use of
antenatal corticosteroids, sepsis, respiratory distress
syndrome (RDS), use of CPAP, necrotizing
enterocolitis (NEC), intraventricular hemorrhage (IVH),
asphyxia and the need for cardiopulmonary
resuscitation (CPR) [10-13]. In different scenarios, the
factors with the strongest association vary, although

© 2016 Savvy Science Publisher



90 International Journal of Pediatrics and Child Health, 2016 Vol. 4, No. 2

Gutiérrez et al.

birth weight remains the most important determining
factor for survival [14-17]. In the NICU of the Hospital
Nacional Cayetano Heredia (HNCH) in Lima, there is a
perception of a decrease in mortality for this preterm
newborn VLBW population, mimicking what has been
observed in most of the world. The goal in this study is
to describe the trends of mortality rates and survival
curves in this group between the years 2002 and 2011
in this NICU. This study also looks for the associated
risk factors for mortality in this population.

2. MATERIALS AND METHODS

This study is a retrospective cohort conducted in a
tertiary hospital in Lima. The neonatal unit of this
hospital is part of NEOCOSUR, a group of Latin
American neonatal units that share information for
research purposes. Since 2002, selected
neonatologists from the neonatal unit at HNCH have
been filling out a sheet created by NEOCOSUR for
every live preterm baby born at this hospital weighing
1500gr or less. In these sheets, information on every
event of the newborn’s life is recorded until discharge
or demise. This is the data used for this study.

The inclusion criteria were live newborns with
VLBW born in the HNCH between the years 2002 and
2011. Newborns with ambiguous sex and congenital
defects incompatible with life were excluded. This
resulted in a total of 549 patients.

A review of the literature was used to initially identify
candidate variables for mortality prediction. The
ensuing 23 selected variables were codified and the
data set interrogated. There were small deficiencies in
information of some patients, resulting in no record of
the following data: use or not of invasive mechanical
ventilation in 18 patients, presence or not of late sepsis
in 17 patients, presence or not of early sepsis in 4
patients, use or not of positive pressure ventilation in
one patient and presence or not of respiratory distress
syndrome in one patient.

Survival was defined as discharging a live infant
from the hospital. Early mortality, as defined by the
WHO, is death during the first seven days of life, while
late mortality occurs after the seventh day. Gestational
age was determined by last menstrual period (LMP).
When LMP was not available the Ballard method was
used to define age. The 2013 Fenton curves for
preterm newborns were applied to assess weight
appropriate for gestational age for each patient. Use of
antenatal corticosteroids was considered complete if
the mother received either betamethasone 12mg IM

g24h for 2 doses or dexamethasone 6mg IM q12h for 4
doses. If she received at least one dose, but not the
complete treatment, it was considered incomplete use.
Prenatal care was considered positive if the mother
attended at least one appointment before presenting
for birth. CPR was defined as receiving positive
pressure ventilation, cardiac massage or epinephrine
immediately after birth. Early onset sepsis was defined
as clinical and/or culture-confirmed sepsis before 72hs
of life. Late onset sepsis was defined as this occurring
after 72hs of life. Severe NEC was determined by Bell
stages Il and Ill. Severe intraventricular hemorrhage
was defined as stages Il and IV by cranial ultrasound.

Table 1: Population Characteristics 2002-2011 n=549

Variable "(%)M‘;’ d':’;?;:g;)n or
Male 287 (52.3%)
Birth weight 1093.73gr + 276.81
<1000gr 210 (38.3%)
>1000 339 (61.8%)
Gestational age 30.05 + 3.35
< 28weeks 126 (23.0%)
28 a 32weeks 208 (37.9%)
> 32weeks 215 (39.2%)
Intrauterine growth Small 231 (42.1%)
Appropriate 318 (57.9%)
Live 325 (59.2%)
Deceased 224 (40.8%)
Early death 136 (24.8%)
Late death 88 (16.0%)
Days of survival 28(5.48)
e of prenata ms | o1o%)
Incomplete 128 (23.3%)
Complete 157 (28.6%)
Prenatal care 342 (62.3%)
CPR 238 (43.4%)
RDS 429 (78.3%)
Early sepsis 47 (8.6%)
Late sepsis 255 (47.9%)
Severe NEC 49 (9.0%)
Severe IVH 70 (12.8%)
Days on
mechanical 1(0.6)
ventilation
< 3 days 346 (65.2%)
3a7days 65 (12.2%)
>7 days 120 (22.6%)
CPAP 315 (57.5%)

*SD: Standard Deviation.
IQR: Interquartile Range.
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Graph 1. Mortality tendency 2002 - 2011
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Graph 1: Trend of mortality rates of LBW newborns through the years studied.

The information was processed with STATA/SE 11
software. Univariate analysis was done using the chi-
square test to determine associated factors with
mortality (p<00.5). Kaplan-Meier curves were
constructed with primary outcome being death during
hospital stay to determine survival. Log rank test and
Wilcoxon test were then applied to these curves
confirming statistical relevance. Associations between
each variable and mortality were assessed using the
bivariate Cox model, after which the variables which
showed significant association were analyzed with the
multivariate model. This study was approved by the
Ethics Committee of the Universidad Peruana
Cayetano Heredia with inscription code 62538.

3. RESULTS

The population was comprised by 262 females and
287 males [see Table 1]. Overall mortality resulted in
40.8%. Of these babies 60.71% died before the 7" day
of life. The average survival time was of 35.27 + 39.66
days, with a median of 28 (IQR: 5-48). The median
gestational age was of 30.05 + 3.35 weeks, and the
median weight at birth was of 1092.73 + 276.81gr.

Graph 1 demonstrates the fall in mortality during the
period studied with a high value of 66.67% in 2003 and

a great decline to 24.24% in 2010. In a similar way,
Graph 2 describes the evolution of early and late
mortality with their different frequencies, showing an
overall decrease in time.

Graph 2. Early and Late mortality rates
2002 - 2011
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Graph 2: Differentiation of annual mortality between early
and late.

Table 2 shows the significant results of the bivariate
COX model applied to quantitative variables associated
with survival. In the same way, Table 3 demonstrates
the same process applied to categorical variables. Of
these results, it is important to point out the lower
survival of newborns appropriate for gestational age,
compared to the small for gestational age.

Table 2: Variables Associated with Survival in Preterm VLBW Newborns from 2002-2011*

Quantitative Variables Deceased Survivors HR Cl195% p
Gestational age 27.82 +2.88 31.58 +2.74 0.75 0.72-0.79 <0.000
Weight 934.93 + 258.81 1201.49 + 233.27 0.99 0.99 -0.99 <0.001
Mechanical ventilation 7.87 +14.23 5.32+13.62 0.99 0.99 - 1.00 0.77

* According to Cox bivariate model.
HR: Hazard Ratio.
Cl: Confidence Interval.
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Table 3: Variables Associated with Survival in Preterm VLBW Newborns from 2002-2011*

Deceased Live
Categorical Variables HR Cl95% p
n % n %

Female 89 34.0 173 66.0

Sex 1.47 1.10-1.97 0.008
Male 135 47.0 152 53.0
AGA 178 56 140 44.0

Growth 0.32 0.23-0.45 <0.001
SGA 46 20.0 185 80.1
Yes 94 33. 191 67.0

Léf)‘:“‘zz':{;r(‘)?éas' 175 131-2.32 <0.001
No 130 49.2 134 50.8
Yes 50 31.9 107 68.2

C%ﬂft!cefsgg” dfa' 151 1.08-2.10 0.015
! rol No 174 44.4 218 55.6
Yes 122 35.7 220 64.3

Prenatal Care 1.42 1.06-1.88 0.016
No 102 49.3 105 50.7
Yes 159 66.8 79 33.2

CPR 3.83 2.82-5.19 <0.001
No 65 20.9 246 79.1
Yes 32 68.1 15 31.9

Early Onset Sepsis 2.39 1.60-3.55 <0.001
No 189 38.0 309 62.1
Yes 209 48.7 220 51.3

RDS 10.31 4.57-23.27 <0.001
No 14 11.8 105 88.2
Yes 50 71.4 20 28.6

Severe IVH 2.12 1.53-2.93 <0.001
No 174 36.3 305 63.7
Yes 93 29.5 222 70.5

CPAP 0.38 0.28 - 0.50 <0.001
No 130 55.8 103 44.2

*According to Cox bivariate model.
HR: Hazard Ratio.
Cl: Confidence interval.

Table 4: Variables Associated with Survival in Preterm VLBW Newborns from 2002-2011**

Variables HR Cl95% p
Gestational Age 0.85 0.18-0.90 <0.001
No Prenatal Corticosteroid Use 1.46 1.09-1.95 0.011
CPR 1.50 1.06-2.13 0.021
Early Sepsis 1.52 1.01-2.28 0.043
RDS 8.47 3.50-20.46 <0.001
CPAP 0.25 0.18-0.34 <0.001

**According to Cox multivariate model.
HR: Hazard Ratio.
Cl: Confidence interval.

The last analysis was done using a multivariate After all the analysis, Kaplan-Meier graphs were
COX model, applied to those variables that resulted constructed to show the associations of survival with
significant (p<0.05) during the bivariate analysis. These the different variables such as GA, weight and growth
results are shown in Table 4. assessment. These are shown in graphs 3 to 6.
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Graph 3. Survival of VLBW preterm newborns 2002-2011
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Graph 3: Survival curve determined by days lived.

Graph 4. Survival of preterm VLBW newborns according to Gestational Age 2002-2011
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Graph 4: Survival curves distinguishing by gestational age at birth.

Graph 5. Survival of preterm VLBW newborns according to weight 2002-2011
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Graph 5: Survival curves determined by birth weight.
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Graph 6. Survival of preterm VLBW newborns according to weight for GA 2002-2011
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Graph 6: Survival curves differentiation AGA from SGA.

4. DISCUSSION

According to the literature, mortality in the VLBW
newborns is very variable [18, 19]. This variation goes
along with the multifactorial etiology of mortality, in
which the socioeconomic and technologic development
of the country and hospital plays an important part
[2, 18]. Keeping in mind that the study is set in a
developing country, our mortality rate is comparable to
others in this setting, like Nepal and India with a 39.5%
and 36.9% mortality of VLBW newborns, respectively
[16, 21]. In a similar way, our early mortality rate of
60.7% is close to those reported in Ethiopia around
70% [22], and as expected, far away from that reported
in developed countries like Sweden with a 9.4%
rate [9].

When observing the trend in mortality rate between
2002 and 2011, a general decrease is evident. A
similar change has been reported all over the world in
different settings, and it is usually attributed to the
implementation of better technology and improvement
in protocols, adhering to newer practices presented in
the literature, such as the use of CPAP and antenatal
corticosteroid use. Another important change in the
HNCH rate has been an increase in medical and
nursing staff in the unit, which may also account for a
better care of these babies. Although the changes in
staff and technology were out of the scope of this
study, it would be interesting to see if this is truly
significant for the decline in rates. Finally, there has
been an increase in awareness of the importance of
prenatal care, both by the population and the Peruvian
government, which has resulted in better care of the
prenatal period.

An interesting result obtained in this study is that in
the univariate analysis, survival is better in SGA
compared with the AGA infants, which is not commonly
reported [24]. This can be explained by the fact that
while at a given gestational age, SGA infants may do
far worse than their AGA counterparts, at similar
weights an older and more mature SGA baby may
have a survival advantage. Indeed, in the multivariate
analysis gestational age but not growth status is a
significant predictor of survival.

The survival analysis shows that it decreases
drastically in the first days of life, with 39% of all deaths
occurring the first 3 days. It also shows that these
newborns have a 71.6% chance of surviving the tenth
day of life. Something similar is reported in the United
States, where day by day survival curves show that the
biggest drop is during the first 3 days of life [26]. This
goes in accordance with the high early mortality rate in
this population of babies, who typically present with
RDS and early sepsis [25]. In a study done with a
smaller population in a different tertiary hospital of Peru
survival rates are nearly 50% by the third day of life,
compared with an 80.8% shown in this study [4]. This
may be explained by the higher need of CPR and the
rate of neonatal asphyxia presented in the previous
study, both of which are risk factors for early mortality.

The survival curves in relation to different variables
show that there is a strong decrease in survival for
babies born with less than 1000gr. This is similar to
what is described in the literature, and can be attributed
to the higher rate of pathologies present in this group
that influence early mortality. This group is also very
fragile, requiring very experienced hands in airway,
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access and nutrition management. Some of these
patients were previously thought not to have a good
enough chance at surviving and were not resuscitated,
for which our experience with them is less than with
bigger babies. After 100 days, the survival chance is
almost birth weight independent [26]. In the same way,
when gestational age is grouped in older than 32, 32-
28 and under 28 weeks, there is a drastic fall of
survival close to 50% in the first days of the youngest
group, most likely for similar reasons than the lower
weight group.

When the multivariate analysis was done, there
were five variables found to be significantly associated
with  newborn survival. As expected, a higher
gestational age was a protective factor. Tagare ef al.
found that newborns of under 28 weeks GA presented
a shorter survival, coinciding with this study and many
others [9, 33-36].

The second apparent protective factor identified
was the use of CPAP. Most of our population
presented respiratory distress of variable intensity,
requiring some kind of ventilatory support. Taking this
into account, if the newborn received CPAP instead of
mechanical ventilation understood as intubation, we
could assume that they were identified sooner or had
mild to moderate grade of distress. Early use of CPAP
has been recognized as a potentially beneficial
treatment in RDS. Recently there have been studies
that compared CPAP to prophylactic surfactant use in
newborns to avoid RDS. Some of these studies
concluded that CPAP presented better outcomes,
avoiding unnecessary intubations to apply surfactant
[33-35].

The three remaining variables were associated with
a lower survival rate. The strongest morbidity was
RDS. Other studies present the same conclusion and
some authors even find it to be the number one cause
for mortality in newborns [25, 31, 32]. This means that
RDS is the number one somewhat preventable cause
of low survival in our population, demanding our
immediate attention to improve outcomes in our NICU.

The next associated variable was requiring CPR
after birth. We can understand from this that those
newborns who required CPR most probably were born
with a disadvantage that predisposed them to a low
chance of survival [25, 28, 30].

Finally, the diagnosis of early sepsis was negatively
associated with survival. The same result was

described in many studies, associating both probable
and confirmed sepsis as a mortality risk factor [21, 27].

This study was conducted as a retrospective view of
predefined data, and hence the authors were unable to
modify the definitions for each variable. This data was
standardized and constantly recollected throughout the
years, providing trustworthy information of easy
access. This allowed for analysis of a large sized
population and obtaining relevant results for the
practice of neonatology in our country, where we often
rely on international information from locations with
different resources and populations, given that we
rarely have accurate, large volume studies based here.

CONCLUSION

In conclusion, most countries, including ours, report
a decline in newborn mortality in the last decades. This
decline coincides with changes in management and
availability of resources, the increase in prenatal care
and use of prenatal corticosteroids, the frequent use of
CPAP, and the improvements in management of sepsis
and RDS (9). These improvements in neonatal care
have most probably contributed greatly to our decline in
mortality of this group of very low birth weight
newborns. With this in mind, we suggest a new study
that provides data on the changes in number and
quality of staff and technology in the neonatal unit of
the HNCH and compare them with these results, to
define which adjustments have helped the most to
decrease mortality and where there is still room for
improvement.

ABBREVIATIONS
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