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Analysis of perinatal mortality in newborn 
infants with a birth weight of less than 1000 
grams in Hospital San Cecilio in Granada (Spain) 
over the 1991-2010 period

ABSTRACT
Introduction. Perinatal mortality has signifi-
cantly decreased over the last decades. Low 
birth weight and prematurity are amongst the 
strongest predictors of neonatal death. The main 
objective is to analyze the evolution of perinatal 
mortality and its causes in newborn infants with 
a birth weight of less than 1000 grams over the 
last 20 years (1991-2010).
Population and Methods. Observational, de-
scriptive, longitudinal and ecological study. A 
total of 264 infants weighing less than 1000 g out 
of a total of 56 024 births during the study pe-
riod. Different specific perinatal mortality rates 
by weight were calculated. The Spearman’s Rho 
correlation coefficient was applied to assess the 
relationship between mortality rates and years 
of study, and ANOVA and Mann-Whitney test 
were used to compare five-year periods and ten-
year periods, respectively. 
Results. There were 131 perinatal deaths, 82 still-
births and 49 early neonatal deaths; 64.1% of them 
occurred before 27 weeks of gestation. Only the 
fetal mortality rate was statistically significant, 
although perinatal mortality showed a down-
ward trend, without reaching significance. The 
main immediate causes of death were extreme 
prematurity, intrauterine hypoxia and infection. 
The underlying causes related to death in this 
group of newborn infants were infection caused 
by premature rupture of membranes, maternal 
hypertension, uncontrollable preterm labor and 
twin pregnancy. 
Conclusions. The reduction in mortality rates 
in this group of newborn infants is undergoing 
a slowdown. 
Keywords: Extremely-low-birth-weight infant, peri-
natal mortality.
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INTRODUCTION AND 
OBJECTIVES

Perinatal mortality and maternal 
mortality are both basic health indi-
cators1 that allow to assess the quality 
of health systems and plan improve-
ments in maternal and child health.

Perinatal mortality has undergone a 
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marked reduction, but still more than 
7 million children die over this period 
around the world every year.2 The per-
centage in Europe is 4.5-8.7%;3 in Spain 
it is approximately 5%.4 Such reduction 
has been caused by an improvement in 
population health and the health care 
received by mothers and newborn in-
fants5 and, especially, by the develop-
ment of new technologies to monitor 
fetal well-being and neonatal care.

Low birth weight (LBW) is the 
main individual factor that determines 
the newborn’s likelihood of survival 
and healthy growth and development. 
As a consequence, prematurity and 
LBW are the predictive factors most 
strongly associated with mortality, 
with a direct relation between birth 
weight and perinatal mortality.1,3

This research focuses on the group 
of newborn infants with a birth weight 
of less than 1000 g, categorized by the 
International Classification of Diseas-
es and Related Health Problems 10th 
Revision (ICD-10),6 as extremely low 
birth weight. Improving survival and 
avoiding the causes leading to birth in 
this age group and weight range may 
have an impact on perinatal mortality 
reduction.

The objective of the study is to ana-
lyze the evolution of perinatal mortality 
in newborn infants with a birth weight 
of less than 1000 g in Hospital Univer-
sitario San Cecilio, (HUSC) in Granada 
(Spain) over the 1991-2010 period.

It is completed with the analysis of 
perinatal mortality causes in this group 
of newborn infants and maternal con-
ditions and obstetrical and neonatal pa-
thologies that contribute to mortality.
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POPULATION AND METHODS
Design: Observational, descriptive, longitudinal 
and ecological study.

Population
From January 1, 1991 to December 31, 2010 

(temporal series: 20 years), there were 264 new-
born infants with a birth weight of less than 1000 
g out of 56 024 births in the HUSC in Granada 
(Spain). There were 131 perinatal deaths within 
the study group out of 417 perinatal deaths.

Exclusion criteria: Newborn infants with a 
birth weight of less than 500 g or more than 999 g.

Method
Descriptive analysis of different endpoints.
The different mortality rates recommended 

by the WHO6 (fetal, early neonatal and perina-
tal death) were estimated and applied to new-
born infants with a birth weight of 500-999 g in 
this study.

The Spearman’s Rho correlation coefficient 
was used to assess the relation between the dif-
ferent mortality rates and the years of study (tem-
poral trend).

After grouping the study period in four five-
year periods and two ten-year periods, the dif-
ferent mean rates under study were compared. 
An ANOVA test of a post hoc factor adjusted with 
Bonferroni’s method was used to compare five-
year periods, and a Mann-Whitney test was used 
to compare ten-year periods.

The statistical software used was SPSS 15.00, 
and differences were considered statistically sig-
nificant if they had a p value of <0.05.

Hospital autopsies were always performed by 
the same person and mortality causes were ana-

lyzed by the same team; each case was discussed 
and analyzed, together with the consistency be-
tween the clinical diagnosis and the anatomical 
pathology report.

RESULTS
A total of 264 newborn infants with a birth 

weight of 500-999 g (0.47% of total newborn in-
fants) were studied.

A total of 131 perinatal deaths occurred in the 
studied group (500-999 g), which accounts for 
31.41% of all perinatal deaths.

1. Analysis of mortality during the perinatal 
period according to the week of gestation 
(WG) at the moment of birth

Table 1 reflects mortality and shows that a larg-
er number of perinatal deaths occurred before 
WG 24 (38.9%), followed by WG 24-26 (25.2%).

The assessment of the time of perinatal death 
shows that fetal deaths are also more frequent 
before WG 24 (40.2%). This was also observed in 
early neonatal deaths (36.7% before WG 24), es-
sentially because all extremely premature new-
born infants die over the first days of birth.

2. Analysis of mortality rates (Figure 1) 
The total of 131 perinatal deaths was divided 

in 82 fetal deaths and 49 early neonatal deaths.
The mean fetal mortality rate was 308.66 ± 

133.85‰, with 500‰ in 1991 and 250‰ in 2010. In 
spite of its wide extent (0-555.5‰), a significant re-
duction has been achieved (Rho: -0.538) (p = 0.015).

The mean early neonatal mortality rate was 
300.84 ± 206.17‰, also with wide ranges over the 
years of study (0-800‰), and this has resulted in 
not reaching significance (Rho: 0.065) (p = 0.784).

Table 1. Distribution of mortality over the perinatal period in newborn infants with a birth weight of less than 1000 g, by 
week of gestation at the time of birth

Week of gestation Perinatal deaths n (%) Fetal deaths n (%) Early neonatal deaths n (%)

<24 51 (38.9) 33 (40.2) 18 (36.7)
24-26 33 (25.2) 18 (22) 15 (30.6)
27-28 29 (22.1) 19 (23.2) 10 (20.4)
29-30 9 (6.9) 7 (8.5) 2 (4.1)
31-32 5 (3.8) 4 (4.9) 1 (2.1)
>32 1 (0.8) 1 (1.2) 0 (0)
Unknown 3 (2.3) 0 (0) 3 (6.1)
Total 131 (100) 82 (62.6) 49 (37.4)

Only newborn infants with a birth weight of  500-999 g, were considered for the extremely low birth weight group, as 
recommended by the WHO.
%: percentage.
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The perinatal mortality rate was 508.12 ± 
191.76‰, also with a wide range (0-857.14‰), 
but it showed a downward trend (Rho: -0.244), 
which was not significant (p = 0.3).

The distribution of the period in four five-year 
periods and the comparison of their means (Table 
2) show that only fetal mortality had statistical-
ly significant differences from the first five-year 
period (1991-1995) to the third five-year period 
(2001-2005). 

There were no significant differences regard-
ing early neonatal mortality or perinatal mor-
tality.

In order to complete the study, we analyzed if 
there were differences between the various mean 
rates in the two ten-year periods of the study 
(Table 3), and we found that only fetal mortality 
shows statistically significant differences.

3. Causes of death
A total of 88 perinatal autopsies were per-

formed; of these, 59 corresponded to fetal deaths 
and 29 were early neonatal deaths.

The clinical diagnosis and the results of the 
anatomical pathology report were consistent in 
86% of the fetal mortality group and in 80% of the 

Table 2. Analysis of mortality rates over the perinatal period distributed in five-year periods. ANOVA test

 1991-1995 1996-2000 2001-2005 2006-2010 
 mean ± SD mean ± SD mean ± SD mean ± SD p

Fetal mortality rate 435.21  ±  117.75* 331.66  ±  116.4 220.50  ±  134.26* 247.27  ±  67.43 0.033*
Early neonatal mortality rate 252.77  ±  163.27 232.22 ± 162.18 397.97 ± 230.92 320.41 ± 273.07 0.612
Perinatal mortality rate 580.97 ± 113.83 476.66 ± 163.97 488.38 ± 276.46 486.48 ± 222.38 0.834

After applying an ANOVA test of a post hoc factor adjusted with Bonferroni’s correction, statistically significant differences 
were found only in the 1991-1995 and 2001-2005 five-year periods in relation to fetal mortality. 
SD: standard deviation; p: value of significance; *: p <0.05.

Figure 1. Mortality over the perinatal period in newborn infants with a birth weight of less than 1000 grams

fetal

early neonatal

perinatal

Mortality

Fetal mortality: fetal mortality rate in newborn infants with a birth weight of <1000 g = (fetal deaths with a birth weight of <1000 g/total births 
with a birth weight of <1000 g) x 1000. 
Early neonatal mortality: early neonatal mortality rate in newborn infants with <1000 g = (early neonatal deaths in live infants with a birth weight 
of <1000 g/total live infants with a birth weight of <1000 g) x 1000.
Perinatal mortality: perinatal mortality rate in newborn infants with a birth weight of <1000 g = (fetal deaths with a birth weight of <1000 g + early 
neonatal deaths of live infants with a birth weight of <1000 g/total births with a birth weight of <1000 g) x 1000.
NS: not significant. Significant if p < 0.05.
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neonatal mortality group; for the rest, the cause of 
death was established by the autopsy.

The main immediate causes of death (Table 4) 
were extreme prematurity (23.7%), intrauter-
ine hypoxia (22.9%) and infection (15.3%). Hya-
line membrane disease was present in 9 cases 
(6.9%), and malformation occurred in 11 cases 
(8.4%). Other pathologies included 4 cases of 
twin-to-twin transfusion syndrome and 7 cases 
of intrauterine growth retardation. There was no 
intraventricular hemorrhage listed as an immedi-
ate cause of death.

Intrauterine hypoxia and birth asphyxia have 
reduced along the study period (from 25.7% to 
20%); however, the number of infection-related 
deaths (from 9.1% to 21.5%) and disorders related 
to short gestation and low birth weight (extreme 
immaturity) have increased (from 19.7% to 27.7%) 
over the last decade. Isoimmunization and twin-
to-twin transfusion syndrome have disappeared 
as cause of death in this group over the last ten-
year period.

When considering the leading causes of peri-
natal death (Table 5), premature rupture of mem-
branes (PROM) leading to chorioamnionitis/
sepsis occurred in 31 cases (23.7%).

Birth-related conditions, basically uncon-
trolled uterine dynamics that results in a preterm 
delivery, was the cause of 25 deaths (19.1%) and 
became the third leading cause of death, after in-
fection and fetal compromise due to placental, 
umbilical cord and membrane complications.

The most important associated maternal pa-
thology was hypertension (22 cases), which was 
the leading cause of death in 19 of these. Placen-
tal pathology occurred in 20 cases: 14 were cas-
es of placental abruption, sometimes associated 
with maternal hypertension (10.7%); the rest of 
the cases were related to placenta praevia or pla-
cental infarction. Umbilical cord pathology (cord 
entanglement, cord prolapse) was the main cause 
of death in 9 cases.

It should be noted that 31 deaths were related 
to multiple pregnancies (21 twin gestations and  

Table 3. Analysis of mortality rates over the perinatal period distributed in ten-year periods. Mann-Whitney test

 1991-2000 2001-2010  
 mean ± SD mean ± SD U p

Fetal mortality rate* 384.44 ± 123.14 233.88 ± 101.15 19.00 0.019*
Early neonatal mortality rate 242.49 ± 153.80 359.19 ± 241.89 35.00 0.256
Perinatal mortality rate 528.81 ± 143.98 487.43 ± 236.53 47.50 0.850

U: Mann-Whitney U; p: value of significance; *: p <0.05.

Table 4. Immediate cause of perinatal death in newborn infants with a birth weight of less than 1000 g. ICD-9

 1991-2000 n (%) 2001-2010 n (%) Total n (%)

Intrauterine growth retardation and fetal malnutrition (764) 2 (3.1) 5 (7.7) 7 (5.3)

Disorders relating to short gestation and low birth weight (765) 13 (19.7) 18 (27.7) 31 (23.7)

Birth trauma (767) 2 (3.1) 0 2 (1.5)

Intrauterine hypoxia and birth asphyxia (768) 17 (25.7) 13 (20) 30 (22.9)

Neonatal respiratory distress syndrome (769) 3 (4.5) 6 (9.2) 9 (6.9)

Infections specific to the perinatal period (771) 6 (9.1) 14 (21.5) 20 (15.3)

Fetal and neonatal hemorrhage (772) 7 (10.6) 0 7 (5.3)

Hemolytic disease of fetus or newborn, due to isoimmunization (773) 3 (4.5) 0 3 (2.3)

Fetus or newborn affected by multiple pregnancy  
(twin-to-twin transfusion syndrome) (761.5) 4 (6.1) 0 4 (3.1)

Congenital anomalies, deformities and chromosomal anomalies (740-759) 6 (9.1) 5 (7.7) 11 (8.4)

Unknown 3 (4.5) 4 (6.2) 7 (5.3)

Total 66 (50.4) 65 (49.6) 131 (100)

The immediate cause is that which results in death to the fetus or newborn infant. 
% = percentage over the total number of perinatal deaths.
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10 multiple gestations with more than two fetus-
es), 7 occurred in the 1991-2000 period and 24, in 
the 2001-2010 period. In twin gestations, the most 
frequent leading causes of death have been an un-
controlled uterine dynamics leading to preterm 
birth (12 cases) and premature rupture of mem-
branes (PROM) leading to infection (8 cases).

DISCUSSION
Perinatal mortality studies pose multiple hur-

dles because of the problem of establishing defi-
nitions and diagnostic criteria,7 the problem of 
under-reporting8-13 which prevents obtaining “ex-
act” statistics, and the problem of cause analysis 
since there is no universal classification system 
applicable to perinatal deaths, and such causes 
might involve the mother, the fetus or the new-
born infant (or both) and pregnancy or delivery 
(or both), and sometimes it is difficult to distin-
guish and classify these causes.7,14,15

The study of mortality in this group is hard-
er because the extent of under-reporting is even 
larger.8-13 In fact, no common reporting and anal-
ysis systems have been established in developed 
countries regarding perinatal mortality; there 
are no equivalent reporting systems within each 
country that would serve for a study of this type 
of mortality and to establish an actual compari-
son among hospitals, communities and countries.

In Spain, a few investigations8-10 estimate that 
under-reporting of national perinatal mortality 
reaches 24-35%; and establish a relation between 
certain circumstances and this phenomenon, such 
as low birth weight, early gestational age, and le-
gal criteria or unclear definitions regarding the 

report of such deaths. The group of newborn in-
fants analyzed in this article is precisely the one 
that meets all these issues.

In spite of such difficulties, health organiza-
tions recognize that low birth weight newborn 
infants and preterm infants, especially those born 
with less than 1000 g, have the highest morbidity 
and mortality rates.1,3 This group accounts for a 
very low percentage of total births (0.7%),16 how-
ever, it contributes to 20-50% of mortality during 
the first year of life.16-18

In Europe,3 this group of newborn infants 
accounts for 29.3% of perinatal deaths; in our 
research, such rate is a bit higher (31.41%), prob-
ably because of the under-reporting bias and bi-
ased European statistics, which are estimations 
based on data provided by certain hospitals in 
each country.

According to the official data provided by the 
Spanish National Statistics Institute (Instituto Na-
cional de Estadística, INE),4 fetal mortality rate in 
this group ranges from 207.9‰ to 356.6‰. Un-
der-reporting at a national level is probably the 
cause for the higher fetal mortality rates found in 
our research.

When analyzing the results, the fluctuation 
of rates in some of the years, together with their 
wide range, have definitely influenced their lack 
of statistical significance. Fetal mortality does 
present a statistically significant reduction; how-
ever, early neonatal mortality and perinatal mor-
tality have not reduced. Perinatal mortality has 
reduced slightly, but insignificantly.

This slowing down of the decrease in mortal-
ity rates may be explained by the fact that it is 

Table 5. Leading cause of perinatal death in newborn infants with a birth weight of less than 1000 g. ICD-9

 1991-2000 n (%) 2001-2010 n (%) Total n (%)

Fetus or newborn affected by maternal condition (760)* 11 (16.7) 8 (12.3) 19 (14.5)

Fetus or newborn affected by premature rupture of membranes (761) 12 (18.2) 19 (29.2) 31 (23.7)

Fetus or newborn affected by complications of placenta,  
cord, and membranes (762) 13 (19.7) 16 (24.6) 29 (22.1)

Fetus or newborn affected by other complications  
of labor and delivery (763) 12 (18.2) 13 (20) 25 (19.1)

Conditions originating in the perinatal period (764-779) 11 (16.7) 7 (10.8) 18 (13.8)

Unknown 7 (10.5) 2 (3.1) 9 (6.8)

Total 66 (50.4) 65 (49.6) 131 (100)

The leading cause is the condition/disease of the fetus or newborn infant, or the main maternal condition/disease involving the 
fetus or newborn infant, or the complications of ovular appendages contributing to perinatal death.
% = percentage over the total number of perinatal deaths. 
* = all cases due to maternal hypertension.
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reaching rates that are hard to reduce. This has 
been pointed out by other research19 suggesting 
that there are certain “biological limits” and that 
it would be very difficult to reach reductions be-
low such limits based on current scientific knowl-
edge.20

Occasionally, certain situations leading to fetal 
death are unavoidable, as in the case of umbilical 
cord accidents in preterm gestations.

On the other side, it is difficult to reduce ma-
ternal conditions21,22 or pregnancy induced com-
plications (hypertension, placental problems, etc.), 
but they may be controlled more closely,23 and 
these result in an increase of iatrogenic delivery 
of preterm newborn infants.

In fact, in this study, maternal hypertension 
was the leading factor contributing to this type 
of mortality associated with maternal conditions. 
Some studies24 suggest that hypertension related 
to preterm delivery is the main cause of early neo-
natal and infant mortality, because it leads to forc-
ing a preterm birth and also because hypertension 
may cause placental dysfunction, which results in 
fetal and placental complications25 leading to fetal 
or neonatal death. So far, all interventions target-
ed at preventing hypertension during pregnancy 
have not been effective.

When analyzing causes of death, the prob-
lem regarding the definition and classification of 
causes of death comes up, since the different in-
vestigations on this field do not analyze them in 
the same manner,12,13 and immediate and main 
causes overlap, as pointed out in different stud-
ies.7,14,26 For this reason, it is necessary to establish 
homogeneous and contrasting criteria that will 
serve in the future as guidelines for taking actions 
and reporting.15

Disorders of short gestation and low birth 
weight (extreme immaturity) constitute, in this 
research, the most common immediate cause of 
death (23.7%), and it has also increased over the 
years (1991-2000: 19.7% vs. 2001-2010: 27.7%), 
and this is consistent with the increased number 
of multiple pregnancies in our facilities over the 
last decade. This circumstance has likely contrib-
uted to the high percentage of this cause of death 
in our study (23.7%) when compared to what has 
been reported by other authors;17 however, most 
investigations have shown percentages that were 
similar15,27 to the results presented here, making 
extreme immaturity one of the immediate, main 
causes of death.26 

Severe malformations were not an important 
cause of mortality (only 11 cases) in this group of 

newborn infants. This is because of technological 
advances and the specific training of profession-
als, which allow to make a prenatal diagnosis be-
fore reaching 22 weeks of gestations and to make 
decisions regarding pregnancy termination. The 
low percentage of malformations (8.4%) in this 
study differs from what has been referred by oth-
er authors (14%).17,28

Several investigations17,29 indicate that intra-
ventricular hemorrhage is one of the top causes of 
death in this group of newborn infants; however, 
there was no case in this study, probably because 
of the standardized use of corticosteroids for fe-
tal pulmonary development and the consequent 
protection of the central nervous system. Hyaline 
membrane disease, which is also an important im-
mediate cause of mortality, accounted for 6.9% of 
deaths in this research, contrasting with what has 
been referred by other authors.17

Preterm PROM is still one of the major obstet-
ric problems today.30,31 In this study, it caused the 
death of 31 of these newborn infants (23.7%), to-
gether with suspected chorioamnionitis in most 
of the cases, and this has determined that preg-
nancy termination was decided for some of these 
gestations (iatrogenic preterm delivery), some-
times even in spite of great immaturity. Infection/
sepsis/septic shock are one of the main causes of 
death,32 with great variations (14.3-21.4%);17,28 and 
reaching 53.7% in some investigations.29 In this 
research, it occurred in 15.3% of the cases and is 
the third leading cause of death, following disor-
ders of short gestation and low birth weight (ex-
treme immaturity), and intrauterine hypoxia and 
birth asphyxia.

Preterm PROM,33 together with its conse-
quences, should therefore be the subject of fur-
ther obstetric research. In the HUSC, our protocol 
indicates to administer progesterone to women 
at risk of preterm delivery, corticosteroids when 
there is a chance of having a preterm delivery, 
and antibiotics in the case of PROM. This last in-
dication may have contributed to the lower inci-
dence of infection as cause of death in relation to 
other studies.

The advance in assisted reproductive technol-
ogy has increased the number of twin pregnancy 
problems.34 It is a fact that morbidity and mortal-
ity are 3-7 times higher than in singleton preg-
nancies.35

Recent studies29 have shown that perinatal 
mortality is 3.6 times higher and that fetal mortal-
ity is 5.9 times higher. Such high morbidity and 
mortality rates are caused by the high incidence 
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of antepartum complications, preterm delivery 
and uteroplacental insufficiency;35 together with 
higher maternal morbidity and mortality and an 
increase in health expenses and the resulting emo-
tional cost for the family.

In our study, the number of stillbirths in multi-
ple pregnancies reached a mortality rate of 23.7% 
and it has tripled over the last decade (from 7 to 
24).

CONCLUSIONS
The group of newborn infants with a birth 

weight of less than 1000 g accounts for 0.47% of 
all newborn infants; however, they contribute to 
more than 30% of perinatal mortality.

The main immediate causes of death are ex-
treme immaturity, intrauterine hypoxia and in-
fection.

Multiple gestations, maternal hypertension, 
infection caused by premature rupture of mem-
branes and the uterine dynamics leading to pre-
term delivery are the leading causes related to 
death in this group of newborn infants.

The reduction in mortality rates in this group 
is undergoing a slowdown. n
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