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Abstract

Background: Neonates born between 24 + 0 and 27 + 6 gestational 
weeks, widely known as extremely preterm neonates, present a cat-
egory characterized by increased neonatal mortality and morbidity. 
Main objective of the present study is to analyze the effect of various 
epidemiological and pregnancy-related parameters on unfavorable 
neonatal mortality and morbidity outcomes.

Methods: A retrospective study was performed enrolling cases deliv-
ered during 2003 - 2008 in our department. Cases of neonatal death 
as well as pathological Apgar score (≤ 4 in the first and ≤ 7 in the 
fifth minute of life), need for emergency resuscitation, respiratory 
disease syndrome (RDS), neonatal asphyxia, intraventricular hemor-
rhage (IVH) and neonatal death were recorded for neonates of our 
analysis. A multivariate regression model was used to correlate these 
outcomes with gestational week at delivery, maternal age, parity, kind 
of gestation (singleton or multiple), intrauterine growth restriction 
(IUGR), birth weight (BW), preterm premature rupture of membranes 
(PPROM), mode of delivery (vaginal delivery or cesarean section) 
and antenatal use of corticosteroids.

Results: Out of 5,070 pregnancies delivered, 57 extremely preterm 
neonates were born (1.1%). Mean BW was 780.35 ± 176.0, RDS was 
observed in 93.0% (n = 53), resuscitation was needed in 54.4% (n = 
31) while overall mortality rate was 52.6% (n = 30). BW was inde-
pendently associated with neonatal death (P = 0.004), pathological 
Apgar score in the first (P = 0.05) and fifth minute of life (P = 0.04) as 
well as neonatal sepsis (P = 0.05).

Conclusion: BW at delivery is independently affecting neonatal mor-
tality and morbidity parameters in extremely preterm neonates.

Keywords: Extremely preterm; Neonatal morbidity; Neonatal mor-
tality; Birth weight; Gestational age

Introduction

Extremely preterm neonates (gestational age (GA) at birth be-
low 27 + 6 weeks) represent a high-risk category characterized 
by increased rates of morbidity and mortality [1]. European 
studies report mortality rates ranging over 40%, while the pro-
portion of neonates being discharged without serious morbid-
ity from neonatal intensive care unit is reported to be only be-
tween 37% and 54% [2-4]. Furthermore, several studies have 
shown increased rates of long-term mental and psychomotor 
deficiencies of infants born at an extremely preterm gestational 
week, underlying that the study of mortality as well as of short 
and long-term morbidity aspects is an issue of great clinical 
significance [5-7].

Parental counselling regarding the optimal approach to 
such cases of extremely preterm labor is usually dependent on 
mortality and morbidity rates of each institution [8-10]. Sev-
eral epidemiological and pregnancy-related parameters have 
been considered to potentially influence morbidity and mortal-
ity of extremely preterm neonates [8, 11, 12]. Predominantly, 
significant attention has been given to the gestational week at 
delivery time, all the therapeutic strategies being targeted to 
postponing a threatened labor to advanced gestational week. 
However, no definitive conclusions have been reached regard-
ing the exact impact of gestational week itself or birth weight 
(BW), which is of course in its turn significantly affected by 
GA, on each neonatal morbidity outcome and especially on 
neonatal death, therefore implying the need to perform further 
studies on this critical clinical issue. Therefore, the main ob-
jective of the present study is to determine the impact of epi-
demiological and pregnancy-related parameters on the various 
short-term morbidity outcomes and, especially, on neonatal 
mortality.

Methods

We performed a retrospective analysis of all the extremely 
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preterm neonates (24 + 0-27 + 6 gestational weeks) that were 
delivered in our department during the years 2003 - 2008. Our 
department acts as a tertiary care obstetrical unit covering a 
major part of Northern Greece and working closely with a lev-
el 5 neonatal intensive care unit (NICU). Dating of the preg-
nancies was based on last menstrual period and on first trimes-
ter ultrasound measurements that were done while examining 
the nuchal translucency. In our study, we exclusively included 
extremely preterm neonates that were born between 24 + 0 
and 27 + 6 gestational weeks for which precise evaluation of 
gestational week and close follow-up of pregnancy had been 
performed at least from the 20th gestational week. Institutional 
Review Board and University’s Ethical Committee approved 
the present study.

The epidemiological parameters examined were maternal 
age and parity whereas, obstetrical parameters included num-
ber of foetuses per pregnancy (singleton or multiple), kind of 
conception (natural or in vitro fertilization (IVF)) as well as an-
tenatal complications including preterm premature rupture of 
membranes (PPROM), intrauterine growth restriction (IUGR) 
and fetal distress. Antenatal administration of corticosteroids, 
mode of delivery (vaginal delivery or cesarean section), neo-
natal BW and sex were also recorded for pregnancies enrolled 
in our analysis.

All the former parameters were correlated in a univariate 
regression model with neonatal morbidity outcomes and then, 
all the parameters that were statistically significant, were en-

rolled in a multivariate regression model. More specifically, 
morbidity parameters that were examined were pathological 
Apgar score in the first and in the fifth minute of life (≤ 4 and 
≤ 7 respectively), need for emergency resuscitation at labor 
ward, neonatal asphyxia, respiratory distress syndrome (RDS), 
intraventricular hemorrhage (IVH), necrotizing enterocolitis 
(NEC) and neonatal sepsis. Neonatal mortality (death in the 
first 28 days of life) was also correlated in a univariate and 
then multivariate regression model with all the aforementioned 
pregnancy-related parameters as well as with RDS and IVH.

All data included in our analysis were extracted from the 
computerized medical databases used by both our department 
and the NICU. Both our department and the two NICUs record 
thoroughly elements of cases and use a double-checking sys-
tem by two different physicians that have the responsibility to 
supervise the validity of records on a daily basis.

Statistical analysis

Independent samples t-test was used for continuous and Chi-
square for categorical data. Univariate and multivariate logistic 
backward regression models were used in order to correlate the 
latency period with the aforementioned parameters. Statistical 
analysis was performed using the Social Package for Statisti-
cal Science 17.0. Significance level was defined at P < 0.05.

Results

Out of 5,070 pregnancies delivered in our department during 
the period 2003 - 2008, there were 57 extremely preterm live 
born neonates corresponding to 45 pregnancies (1.1%). Mean 
maternal age was 31.1 ± 5.8 and mean parity was 1.6 ± 0.8. 
Mean gestational week at delivery time was 25.8 ± 1.0 and 
mean BW was 780.4 ± 176.6. The majority of neonates were 
male (57.9%, n = 33) and the percentage of twins and triplets 
were 28.1% (n = 16) and 10.5% (n = 6) respectively. There 

Table 1.  Demographics and Pregnancy-Related Characteris-
tics in Extremely Preterm Neonates

Epidemiologic characteristics Neonates (N = 57)
Maternal age (mean ± SD) 31.1 ± 5.8
Gestational week at delivery (mean ± SD) 25.8 ± 1.0
Parity (mean ± SD) 1.6 ± 0.8
Birth weight (mean ± SD) 780.4 ± 176.6
Conception
  Natural, n (%) 44 (77.2)
  IVF, n (%) 13 (22.8)
Kind of pregnancy
  Singleton, n (%) 35 (61.4)
  Twin, n (%) 16 (28.1)
  Triplets, n (%) 6 (10.5)
Obstetrical complications
  IUGR, n (%) 6 (10.5)
  PPROM, n (%) 19 (34.5)
Antenatal corticosteroids, n (%) 33 (57.9)
Mode of delivery
  Caesarean section, n (%) 39 (68.4)
Neonatal sex
  Male, n (%) 33 (57.9)
  Female, n (%) 24 (42.1)

Table 2.  Neonatal Mortality and Morbidity Outcomes of Neo-
nates

Outcomes Neonates (N = 57)
Apgar score in the first minute (mean ± SD) 4.1 ± 2.6
Apgar score in the fifth minute (mean ± SD) 6.6 ± 2.2
Apgar score ≤ 4 in the first minute, n (%) 27 (47.4)
Apgar score ≤ 7 in the fifth minute, n (%) 28 (49.1)
Respiratory distress syndrome, n (%) 53 (93.0)
Need for resuscitation, n (%) 31 (54.4)
Neonatal asphyxia, n (%) 8 (14.0)
Neonatal sepsis, n (%) 14 (24.6)
Necrotic enterocolitis, n (%) 3 (5.3)
Intraventricular hemorrhage, n (%) 12 (21.1)
Neonatal death, n (%) 30 (52.6)
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were 13 neonates conceived by IVF (22.8%). Percentage of 
neonates with IUGR was 10.5% (n = 6) while PPROM was 
recorded in 34.5% of the cases (n = 19). Corticosteroids were 
administered in 33 neonates (57.9%), while cesarean section 
was the mode of delivery for 39 neonates (68.4%). Epidemio-
logical and pregnancy-related characteristics are presented in 
Table 1.

Neonatal mortality was 52.6% (n = 30). Regarding ad-
verse neonatal outcomes, low Apgar scores during the first and 
fifth minute of life were observed in 47.4% (n = 27) and 49.1% 
(n = 28) respectively, while resuscitation in labor ward was 
demanded in 54.4% of cases (n = 31). Neonatal asphyxia rate 
was 14.0% (n = 31), RDS was diagnosed in 93.0% of cases (n 
= 53) during their stay in NICU while IVH was diagnosed in 
21.1% (n = 12) of extremely preterm neonates. Neonatal mor-
tality and morbidity rates for neonates of our study are shown 
in Table 2.

Multivariate regression model indicated that both patho-
logical Apgar scores in the first and fifth minute of life were 
independently associated with BW (P = 0.01 and P = 0.05 re-
spectively). BW was also independently correlated with need 
for neonatal sepsis (P = 0.05). Male neonates had a 2.7-fold 
increased risk for RDS (P = 0.015). Finally, vaginal delivery 
was independently associated with need for resuscitation and 
neonatal asphyxia (P = 0.005). Results of univariate and mul-
tivariate regression models between pregnancy-related and 
neonatal morbidity parameters are presented in Tables 3 and 4.

Regarding neonatal mortality, univariate logistic regres-
sion model demonstrated a significant association with BW, 
gestational week and IVH. However, multivariate model in-
dicated that neonatal death was independently associated only 
with BW (P = 0.02) and IVH (P = 0.004). Results of univariate 
and multivariate regression models between pregnancy-related 

parameters and neonatal mortality are presented in Table 5.

Discussion

Our study indicated that BW is the predominant factor inde-
pendently affecting neonatal mortality as well as risk for low 
Apgar score and need for neonatal sepsis during NICU stay-
ing. Furthermore, it also indicated the potential impact mode 
of delivery may have on certain outcomes.

Neonatal mortality in our study was estimated to be 52.6%. 
A review of the published literature demonstrated a significant 
variability of extremely preterm neonates’ mortality. De Waal 
et al [1], in a large prospective population-based cohort study 
including 345 infants, reported comparable mortality of 48% 
whereas, relative rate was only 33% in a large longitudinal 
multicenter cohort study from Switzerland including 1,266 ne-
onates [13]. The age definition criteria for extremely preterm 
neonates, the small number of such cases and the variations in 
the medical infrastructure might be the cause for such a vari-
ability. However, the majority of studies conclude that neona-
tal mortality before the 25th gestational week is significantly 
increased, predominantly ranging over 90% and this finding 
agrees with our results where mortality was almost 100% for 
neonates born at 24 weeks.

Even though BW is usually closely correlated to GA at 
birth, it is not clear which one of the two parameters affects 
mostly neonatal mortality. Despite the fact that our univariate 
model indicated that both gestational week and BW are cor-
related with neonatal mortality, when all the parameters were 
introduced in a multivariate regression model, it was only BW 
that was observed to be independently associated with mortal-
ity. The findings of the study by de Waal et al [1] agree with 

Table 5.  Univariate and Multivariate Regression Models Between Pregnancy-Related Param-
eters and Neonatal Mortality

Univariate model mortality Multivariate model mortality
P value OR (95% CI) P value OR (95% CI)

Gestational age 0.02* 0.5 (0.3 - 0.9)* 0.70 0.6 (0.4 - 1.2)
Maternal age 0.47 1.0 (0.9 - 1.1) - -
Parity 0.16 0.6 (0.3 - 1.2) - -
IUGR 0.47 1.9 (0.3 - 11.4) - -
Multiple gestation 0.39 0.6 (0.2 - 1.8) - -
PPROM 0.44 0.6 (0.2 - 2.0) - -
Corticosteroids 0.73 1.2 (0.4 - 3.4) - -
Mode of delivery 0.78 1.2 (0.4 - 3.6) - -
Birth weight 0.007* 0.995 (0.991 - 0.999)* 0.007* 0.97 (0.90 - 0.99)*
Neonatal sex 0.73 0.8 (0.3 - 2.4) - -
RDS 0.91 1.1 (0.2 - 8.6) - -
IVH 0.03* 6.3 (1.2 - 31.8)* 0.02* 7.9 (1.4 - 45.1)*

Values are expressed in odds ratio with 95% confidence intervals. *Parameters indicate statistical signifi-
cance. IUGR: intrauterine growth restriction; PPROM: preterm premature rupture of membranes; RDS: res-
piratory distress syndrome; IVH: intraventricular hemorrhage; NEK: necrotic enterocolitis.
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our results as, in their multivariate regression model, only BW 
and not gestational week was found to be independently as-
sociated with mortality. Similarly, Taeusch et al [14] indicate 
that survival rates were significantly associated with 50th per-
centile BW for each gestational week, reporting an increase 
from 26% for 522 g to 83% for 967 g. Even studies standing 
in favor of the significant impact of GA on mortality claim that 
this should not be the sole parameter on which our clinical de-
cisions should be based, without considering the equally major 
impact of BW regarding neonatal mortality [15].

IVH may be another major determinant of neonatal mor-
tality. Although not all relative studies enroll IVH in their mul-
tivariate regression model, there are studies standing in favor 
of the decisive role this parameter may have [15]. However, 
even when including IVH, the role of BW remains indepen-
dently associated with the risk for neonatal death after NICU 
admission, upraising once again the demand to further eluci-
date on the role of BW on the final outcome.

Regarding neonatal morbidity outcomes, BW significantly 
affected the risk for low Apgar score and sepsis during NICU 
stay. Besides, vaginal delivery appears to affect the need for 
resuscitation and the risk for neonatal asphyxia. The role of 
BW has been thoroughly analyzed and seems to remain equal-
ly important for neonatal morbidity parameters as well [13]. 
The impact of mode of delivery, however, is another issue of 
controversy [16, 17]. There are studies standing in favor of 
our results. Schlapbach et al [12], when performing univari-
ate regression model, have demonstrated a favorable impact of 
cesarean section on severe neonatal morbidity. Besides, Grant 
and Glazener, in the 2001 Cochrane Review [18] when com-
paring elective cesarean and expectant management of small 
neonates, have observed that babies in the elective group were 
less likely to suffer from RDS (odds ratio (OR): 0.43, 95% 
confidence interval (CI): 0.18 - 1.06), or to die but without this 
difference reaching statistical significance. They concluded, 
however, that there are no sufficient data to support elective 
cesarean as the absolute mode of delivery policy for small neo-
nates. Despite the fact that the aforementioned meta-analysis 
does not examine extremely preterm neonates only, it seems 
that our observation that cesarean section may be beneficial in 
terms of neonatal asphyxia and need for resuscitation is rather 
supported by the already published literature. However, the yet 
unresolved issue of the optimal mode of delivery on this sen-
sitive group of neonates is once again upraised. Besides, this 
is an issue in which no definitive conclusions may be easily 
stated because of the profound difficulties in organizing pro-
spective randomized clinical trials.

Our study is not devoid of limitations. The retrospective 
character of the study as well as the relatively small sample 
size potentially consist the main ones. Furthermore, our study 
reports outcomes of neonates born between 2003 and 2008 
and not the most recent data. However, it is one of the few 
studies enrolling extremely preterm neonates with a detailed 
follow-up including several neonatal morbidity parameters, in 
an effort to examine the impact of every epidemiological and 
pregnancy-related aspect to each adverse neonatal outcome. 
Moreover, it indicates the possible superiority of BW over GA 
as prognostic factor for neonatal morbidity and mortality, a 
conclusion which has not been clearly stated by other relative 

studies. Finally, we chose to study first the outcomes of neo-
nates of an older period in order to compare this 5-year period 
with the modern one (2008 - 2013) after having completed the 
appropriate editing and statistical examination of modern pe-
riod’s results.

In conclusion, our study demonstrated that BW might be 
an independent prognostic factor for mortality and morbidity 
of extremely preterm neonates, affecting significantly the deci-
sion of optimal management. Large prospective cohort studies 
and meta-analyses need to be performed in order to elucidate 
the exact impact of all epidemiological and obstetrical parame-
ters on mortality and morbidity of extremely preterm neonates 
where the enigma of optimal management still remains unre-
solved. In any case, it is undoubtedly demanding to define the 
exact impact of each parameter, especially as the new era of 
prematurity caused by the increasing IVF performance poses a 
challenging clinical reality.
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