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Abstract

Purpose: Late-preterm births are considered functionally mature but, several line of evidences suggest that,
compared with term neonates, they have a higher risk of complications. The aim of this study was to compare the
incidence of maior clinical complications of late preterm infants born in our division, compared to those born at
term.

Methods: We retrospectively analysed late preterm deliveries occurred in a twenty-months period. Late preterms
were divided in 3 sub-groups according to gestational age at delivery: 34 0/6 , 35 0/6 , 36 0/6 weeks of gestation.
The incidence of maior clinical complications was evaluated. Statistical analysis was performed by using the Z- test.

Results: Among term deliveries 17.24% were admitted to the neonatal intensive care unit and 69.01% presented
one major adverse outcome: 25.35% jaundice, 25.35% hypoglycemia , 11.26% RDS , 4.22% intraventricular
hemorrhage (IVH), 4,22% anemia. The incidence of IVH was significantly higher only at 340/6 weeks of gestation
compared to term infants. The incidence of anemia and RDS was significantly higher at 34 0/6 and 35 0/6 weeks of
gestation, but it was not significantly different at 36 weeks of gestation, compared to full-term infants. Finally, the
incidence of hypoglycemia and jaundice results significantly higher in all the 3 sub groups of late preterms,
compared to full term infants.

Conclusions: Results demostrated an increased risk of morbidity in the late preterm period. Results also showed
that the gestational age at delivery of late preterms can influence the risk of adverse neonatal outcomes.
Introduction
Preterm labour is usually defined as regular, painful, syn-
chronous uterine contractions accompanied by cervical
change before 37 completed weeks of gestation (Gotsch
et al. 2009). The pathogenesis of preterm birth is still
under debate; in fact preterm labour might be the result of
the early idiopathic activation of the normal labour process
or the consequence of pathological insults (Papatsonis
et al. 2009). In industrialized countries, the incidence of
the preterm delivery is generally 5–9% (Goldenberg et al.
2008) and it represents one of the serious problems in
perinatal medicine representing the most important cause
of perinatal morbidity and mortality after congenital
anomalies (Papatsonis et al. 2009). The preterm birth rate
has increased by 33% in the last 25 years, almost entirely
* Correspondence: matteo.maria@libero.it
1Department of Medical and Surgical Sciences, Institute of Obstetrics and
Gynecology, University of Foggia, Viale Pinto, 71100 Foggia, Italy
Full list of author information is available at the end of the article

© 2014 Marrocchella et al.; licensee Springer. T
Commons Attribution License (http://creativeco
reproduction in any medium, provided the orig
due to the rise in late preterm births defined as births
between 340/7 and 366/7 weeks of gestation (Committee
on Obstetric Practice 2008). Late-preterm births are about
74% of all preterm births and about 8% of total births
(Davidoff et al. 2006). These infants are often considered
both physiologically and metabolically “functionally ma-
ture” because they are of similar size and weight at birth as
infants born at term, indeed they seem to have less severe
neonatal complications and less long-term neurological se-
quelae when compared to infants born before 34 weeks of
gestation (Abe et al. 2010). However recently attention has
been given to uncovering the often subtle morbidity risk
associated with late preterm delivery (Shapiro-Mendoza &
Lackritz 2012). In fact, although little published informa-
tion exists regarding morbidities of late preterm infants,
the available evidence suggest that, when compared with
term neonates, late-preterm are at higher risk of develop-
ing medical complications such as temperature instability,
hypoglycemia, respiratory distress (RDS), apnea, anemia,
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jaundice, feeding difficulties, apnea, intraventricular
hemorrhage (IVH), seizures, necrotizing enterocolitis
(Bastek et al. 2008; Loftin et al. 2010). Moreover late pre-
term have higher rates of hospital readmission in the first
months of life (Committee on Obstetric Practice 2008)
and a higher mortality rate during infancy (Consortium on
Safe Labor et al. 2010) suggesting that the neonatal risk
when delivery occurs between 34 and 37 weeks of gesta-
tion is not negligible. On these basis the aim of this study
was to compare the incidence of major clinical complica-
tions of late preterm infants born, in our division with
those born at term. Moreover we also evaluated the inci-
dence of neonatal complications in three different sub-
groups, stratified for gestational age, in order to estimate
the contribution of each week of gestation at delivery to
neonatal morbidity.

Materials and methods
We retrospectively analyzed all late preterm deliveries
(34 0/6 to 36 0/6 weeks of gestation) occurred in the De-
partment of University Obstetrics and Gynecology of
Foggia, Italy, in twenty-month period. The study was
conducted in accordance with the guidelines in the Dec-
laration of Helsinki and was approved by the committee
of the Department of Medical and Surgical Sciences of
the University of Foggia. Written informed consent was
obtained from the patient’s guardian/parent/next of kin
for the use of clinical data in order to search and for the
publication of this report and any accompanying images.
The study group was compared with a control group

consisting of full-term deliveries. Gestational age was
determined by the first day of mother’s last normal
menstrual period (LMP) with confirmatory ultrasonografy
(US). When last menstrual period was unknown, dating
was assigned by earliest US. The late preterm group was
divided in 3 sub-groups: Group A: 34 0/6, Group B: 35 0/6,
Group C: 36 0/6. None of patients enrolled had taken
corticosteroid treatment before delivery. Abnormal
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Figure 1 Adverse neonatal outcomes in term and late preterm infant
pregnancies such as gestational diabetes, pregnancy re-
lated hypertension, placenta praevia and other medical
and obstetrical disorders were excluded from the study.
Admission criteria to the Neonatal Intensive Care Unit
(NICU) include any of the following: hypoglycemia, jaun-
dice, intraventricular hemorrhage, respiratory distress re-
quiring respiratory support for longer than 24 hours, need
for total parenteral nutrition, suspected sepsis, or signifi-
cant hematologic abnormality (i.e., anemia, polycythemia,
or thrombocytopenia), requirement for close observation
as assessed by a neonatologist. Firstly, it was assessed if
late preterm infants have a higher admission rate in NICU.
Then, among late preterm sub-groups and full-term in-
fants, it was assessed the rate of the major adverse out-
comes as follows: hypoglycaemia: blood glucose less than
50 mg/dl (Bastek et al. 2008); intraventricular haemor-
rhage grades I-IV based on the extent of hemorrhage
(Papile et al. 1978) , jaundice: hyperbilirubinemia requiring
phototherapy (Petrova et al. 2006), respiratory distress
syndrome/hyaline membrane disease (RDS) was typically
defined as respiratory symptoms (eg, grunting, flaring,
tachypnea, retractions), supplemental oxygen requirement,
and NICU admission for further respiratory support, with
the diagnosis verified by chest radiograph findings of
reticulogranular patterns and air bronchograms (The
Consortium on Safe Labor 2010), anemia: hemogolobin
levels requiring transfusion.

Statistical analysis
Statistical analysis was performed by using the Z- test. An
alpha value of 0.05 was used for assessing statistical signifi-
cance. This value was appropriately adjusted by Bonferroni
correction for taking into account the problems connected
to multiple comparisons. The power analysis was per-
formed in order to measure how the test is able to discrim-
inate the groups. The statistical analysis was completed by
assessing the power analysis on Z-test. Finally, the 95%
confidence interval (CI) of the differences in the analyzed
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Figure 2 Adverse neonatal outcomes in the late preterm infants stratified for gestational age. Data are expressed as percentages (%).

Table 1 Statistical analysis of incidence of neonatal major
complications in late preterms compared to born at term,
in total and stratified for gestational age

Pre-term vs term 34 0/6 wks 35 0/6 wks 36 6/7 wks Total

Variable

Hypoglycemia < 0.0001 < 0.0001 < 0.0001 < 0.0001

9,86% 8,45% 7,04% 25,35%

Jaundice < 0.0001 < 0.0001 < 0.0001 < 0.0001

9,86% 8,45% 7,04% 25,35%

RDS < 0.0001 0.003 0.630 < 0.0001

7,04% 2,82% 1,4% 11,26

Anemia 0.008 < 0.0001 0.106 0.027

0% 2,82% 1,41% 4,23%

IVH < 0.0001 0.039 0.106 0.027

2,82% 1,41% 0% 4,23%

A p value < 0,05 was considered statistical significant. In brackets the
percentages (%).
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proportions was also calculated to evaluate the lower and
upper bounds of the estimations.

Results
1073 full-term deliveries and 71 late preterm deliveries
occurred, in our division, during the sampling period.
185 infants (17.24%) among term deliveries, and 58 in-
fants (81.69%) among late preterms were admitted to
the NICU. Among full-term infants, 44 out of 1073
(4.10%) presented one major adverse outcome: 17 cases
of jaundice (1.58%), 16 cases of hypoglycemia (1,49%), 6
cases of RDS (0.56%), 3 cases of anemia (0.28%) and 2
cases of intraventricular hemorrhage (0.19%) (Figure 1).
Among late preterm infants, 49 out of 71 (69.01%) pre-
sented one major adverse outcome: 18 cases (25.35%) of
jaundice, 18 cases (25.35%) of hypoglycemia, 8 cases
(11.26%) of RDS , 3 cases (4.22%) of anemia and 3 cases
(4.22%) of intraventricular hemorrhage (Figure 1).
In the Figure 2 are represented adverse neonatal out-

comes in the late preterm infants stratified for gesta-
tional age.
The Z-test analysis showed a significant increase in

the incidence of hypoglycaemia and jaundice in all the 3
late preterms sub-groups compared to the term infants
group (p < 0.0001). The incidence of RDS and of anemia
was significantly increased in group A (p <0.0001; p =
0.008 respectively) and in group B (p = 0.003; p < 0.0001
respectively). Finally we found a statistically significant
increase of IVH only in the sub-group A (p < 0.0001)
(Table 1). A power of 70% was evaluated, indicating the
ability of the test to highlight true differences among the
analysed groups.

Discussion
The late preterm infant has historically been perceived to
have similar risks for developmental problems as neonates
born at term. However several studies, designed to ob-
serve clinical outcomes of late preterm births, have raised
concern that these infants are at significantly increased
risk, compared to born at term, of medical complications
such as hypoglycemia, respiratory distress, anemia, jaun-
dice and intraventricular hemorrhage (Committee on
Obstetric Practice 2008; Wang et al. 2004; Escobar et al.
2006). In this study we analyzed the risk of adverse neo-
natal outcomes in late preterm infants born in our depart-
ment, and we found, according to data published in
literature (Consortium on Safe Labor et al. 2010; Kamath-
Rayne et al. 2012), an increased incidence of morbidity
when compared with those born at term (Figure 1). More-
over our data have been stratified for gestational age at
birth, in order to better understand the contribution of
each gestational age to neonatal morbidity and, inte-
restingly we found that IVH occurred in 4,22% of total
late preterms reaching statistical significance only at
340/6 weeks of gestation. The incidence of anemia and
RDS was significantly higher at 34 0/6 and 35 0/6 weeks of
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gestation when compared to full-term infants, on the con-
trary newborns of group C showed a risk of such compli-
cation, comparable to born at term. Finally, the incidence
of hypoglycemia and jaundice results significantly higher
in all the 3 sub groups of late preterms, compared to full
term infants (Table 1). So we can suggest that the gesta-
tional age at delivery of late preterms can influence the risk
of major complications. A recent multicentric study, con-
ducted on a large cohort of deliveries in the United States
(Consortium on Safe Labor et al. 2010) analyzed the short-
term neonatal outcomes in late preterms, limited to the
incidence of respiratory morbidity compared with term in-
fants. In this study patients enrolled where stratified for
gestational age and results demonstrated an increased risk
of respiratory distress syndrome in all the subgroups of
preterm’s gestational age. Our data are partially in agree-
ment with the above mentioned study (Consortium on
Safe Labor et al. 2010) (Table 1). In fact results showed an
increased risk of RDS in late preterms of group A and B
but we did not found a significant incidence of such com-
plication in late preterms born at 36 weeks of gestation.
The reason of this discrepancy is probably due to the ex-
clusion from our study, of pregnancies complicated by dia-
betes, hypertension, and other obstetric complications as
well as to the smaller number of cases analyzed.
Preterm birth has a significant financial impact too. In

fact the total cost of late preterm births is derived from
the cost of antepartum management, delivery costs, neo-
natal treatment costs, and the need for long term medical
services for many of these infants (Loftin et al. 2010). On
the basis of our finding reflecting current literature, ob-
stetric care providers should reevaluate the need for deliv-
ery during the late preterm period (34 0/6 to 36 0/6 weeks)
considering that the morbidity of the newborns at 34 and
35 weeks of gestational age is significantly different from
newborns at 36 weeks. Instead, tocolytic agents, even for a
short term treatment, could postpone preterm delivery
long enough to improve neonatal outcome. In conclusion,
results of our study demonstrated that morbidity in the
late preterm period is clearly increased compared with
those born at term, but in late preterm group the likeli-
hood of significant neonatal morbidity decreases with ad-
vancing gestational age. Our findings underline the risk of
IVH until 34 week of gestational age, and the risk of RDS
until 35 weeks of gestation. Further investigations are
needed to confirm these preliminary results to establish
the role and the safety of tocolytic treatment in the differ-
ent subgroups of late preterms infants.

Competing interests
The authors declare that they have no competing interests.

Authors' contribution
MM, SM: was responsible for the study concept and participated in
designing the study, interpreting data, in writing and reviewing the
manuscript and approved the final version. PG: participated in designing the
study, interpreting data and in writing and reviewing the manuscript and
approved the final version. VS, FdR, LC, ALM, UI, RM, ADB: participated in
interpreting data; in writing and reviewing the manuscript and approved
the final version. All authors read and approved the final manuscript.

Author details
1Department of Medical and Surgical Sciences, Institute of Obstetrics and
Gynecology, University of Foggia, Viale Pinto, 71100 Foggia, Italy. 2Operative
Unit of Gynecology and Obstetrics of Civitanova Marche- Area 249 Vasta 3,
Marche, Italy. 3Department of Biomedical Sciences, University of Foggia,
Foggia, Italy. 4Operative Unit of Neonatology and Neonatal Intensive Care
Unit – Ospedali Riuniti di Foggia, Foggia, Italy.

Received: 28 March 2013 Accepted: 30 December 2013
Published: 28 February 2014

References
Abe K, Shapiro-Mendoza CK, Hall LR, Satten GA (2010) Late preterm birth and risk

of developing asthma. J Pediatr 157:74–78
Bastek JA, Sammel MD, Paré E et al (2008) Adverse neonatal outcomes:

examining the risks between preterm, late preterm, and term infants.
Am J Obstet Gynecol 199(4):367

Committee on Obstetric Practice (2008) ACOG committee opinion (2008)
late-preterm infants. Obstet Gynecol 111:1029–1032

Consortium on Safe Labor, Hibbard JU, Wilkins I, Sun L et al (2010) Respiratory
morbidity in late preterm births. JAMA 304(4):419–425

Davidoff MJ, Dias T, Damus K et al (2006) Changes in the gestational age
distribution among U.S. singleton births: impact on rates of late preterm
birth, 1992 to 2002. Semin Perinatol 30:8–15

Escobar GJ, Clark RH, Greene JD (2006) Short-term outcomes of infants born at
35 and 36 weeks gestation: we need to ask more questions. Semin Perinatol
30:28–33

Goldenberg RL et al (2008) Epidemiology and causes of preterm birth. Lancet
371:75–84

Gotsch F, Gotsch F, Romero R et al (2009) The preterm parturition syndrome and
its implications for understanding the biology, risk assessment, diagnosis,
treatment and prevention of preterm birth. J Matern Fetal Neonatal Med
22(Suppl 2):5–23

Kamath-Rayne BD, DeFranco EA, Marcotte MP (2012) Antenatal steroids for
treatment of fetal lung immaturity after 34 weeks of gestation: an evaluation
of neonatal outcomes. Obstet Gynecol 119:909–916

Loftin RW, Habli M, Snyder CC, Cormier CM, Lewis DF, DeFranco EA (2010) Late
preterm birth. Rev Obstet Gynecol 3(1):10–19

Papatsonis D, Flenady V, Liley H (2009) Maintenance therapy with oxytocin
antagonists for inhibiting preterm birth after threatened preterm labour.
Cochrane Database Syst Rev Issue 1

Papile LA, Burstein J, Burstein R et al (1978) Incidence and evolution of
subependymal and intraventricular hemorrhage: a study of infants with birth
weights less than 1,500 gm. J Pediatr 92:529–534

Petrova A, Mehta R, Birchwood G et al (2006) Management of neonatal
hyperbilirubinemia: pediatricians’practices and educational needs.
BMC Pediatr 6:6-6

Shapiro-Mendoza CK, Lackritz EM (2012) Epidemiology of late and moderate
preterm birth. Semin Fetal Neonatal Med 17:120–125

Wang ML, Dorer DJ, Fleming MP, Catlin EA (2004) Clinical outcomes of near-term
infants. Pediatrics 114:372–376

doi:10.1186/2193-1801-3-114
Cite this article as: Marrocchella et al.: Late preterm births: a
retrospective analysis of the morbidity risk stratified for gestational age.
SpringerPlus 2014 3:114.


	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Competing interests
	Authors' contribution
	Author details
	References

