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Abstract
Background: Late preterm neonates are those born between 
34 0/7 weeks and 36 6/7 weeks of gestation. Over the past 
decade, the prevalence of late preterm births has consid-
erably increased, resulting in increased rates of admission to 
neonatal intensive care unit (NICU) due to respiratory morbid-
ities (respiratory distress syndrome, transient tachypnea of the 
newborn, persistent pulmonary hypertension of the newborn, 
and apnea), metabolic morbidities (hypoglycemia, hypergly-
cemia, and hyperbilirubinemia), and sepsis in comparison with 
term neonates.

Aim: To study the spectrum of short-term morbidities in late 
preterm neonates in the Indian scenario

Materials and Methods: One hundred and twenty-six late 
preterm neonates were included in this cross-sectional study 
conducted in a level 3 NICU of Bapuji Child Health Institute, 
JJM Medical College (Davangere, Karnataka, India). A pro 
forma was used to collect relevant details of the neonates and 
the clinical problems for which they were admitted. Morbid-
ities such as hypoglycemia, hyperglycemia, jaundice, sepsis, 
feed intolerance, respiratory distress, and perinatal asphyxia 
were studied.

Results: Late preterm neonates constituted 31.9% of total 
preterm admissions, of which male neonates (60%) were pre-
dominant. Mean admission of 12.9, 10.5, and 7.5 days was 
observed in 34, 35, and 36 weeks’ gestation groups, respec-
tively. Among the morbidities studied, the most common were 
hyperbilirubinemia (67.4%) followed by hypoglycemia (55.5%) 
and respiratory distress (49.2%), the rest being hyperglycemia 
and feed intolerance (both 44.4%), asphyxia (25.4%), and 
sepsis (19%). Overall, 76% of late preterm neonates had more 
than one short-term morbidity requiring NICU admission.
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Conclusion: Late preterm neonates are a special group that 
needs close monitoring and timely intervention when indi-
cated. Admission and discharge criteria should be revised to 
prevent early morbidities and readmission in late preterm neo-
nates.

Key Words: Late preterm, morbidities, hypoglycemia, hyperbili-
rubinemia, congenital pneumonia, feed intolerance

Introduction
Late preterm neonates are defined as those born 
between 34 completed weeks (34 0/7 wk or day 239) 
and less than 37 completed weeks (36 6/7 wk or day 
259) of gestation.1-3 This description is based on the 
recognition that the 34th week marks an obstetric 
milestone, after which antenatal steroids are typically 
not administered,4 and that late preterm neonates have 
higher risks for mortality and morbidity compared with 
term neonates.5-7

The phrase late preterm conveys that these neonates 
are indeed born prematurely and not almost at term, 
as the near-term phrase might convey.2,3 Late preterm 
neonates have higher morbidity and mortality rates 
than term neonates owing to their relative physio-
logic and metabolic immaturity; however, often, their 
size and weight are similar to some term neonates.8 
The most common cause of late preterm birth include 
preeclampsia, intrauterine growth restriction, preterm 
labor, multiple gestation, preterm premature rupture of 
membranes, and wrong gestational age assessment.8

Recent studies have shown that neonates born at 
34 weeks’ gestation are at a 50% increased risk of 
requiring intensive care.9-11 Late preterm morbidities 
such as behavioral and developmental delays are also  
documented in a few of the western literatures.12 Recent 
epidemiologic data in the United States suggested that 
late preterm neonates constitute 72% of all preterm 
neonates. Data from Columbia University showed that 
nearly 42% of late preterm deliveries were spontaneous 
(premature rupture of membranes or preterm labor), 
28% were indicated because of maternal or fetal condi-
tions, and nearly 30% were elective deliveries.13

Few of the western data suggest that late preterm 
neonates are prone to a host of clinical problems 
including respiratory distress syndrome (RDS), temper-
ature instability, feeding difficulties, hypoglycemia, 
hyperbilirubinemia, persistent pulmonary hypertension 
of the newborn (PPHN), transient tachypnea of the 
newborn (TTNB), apnea, late-onset sepsis, prolonged 
hospital stay, and increased readmission rates.14

Most of the data on morbidities in late preterm neonates 
are from western literature; owing to paucity of studies 
in the Indian context, this study was conducted.

Aim
To study the spectrum of short-term morbidities in late 
preterm neonates in the Indian scenario

Materials and Methods
This is a hospital-based, cross-sectional study conducted 
in a level 3 neonatal intensive care unit (NICU), Bapuji 
Child Health Institute, JJM Medical College (Davan-
gere, Karnataka, India).

All live late preterm neonates (born at 34 0/7 to 36 6/7 
wk), both inborns and outborns, admitted to NICU 
between February 15, 2011 and February 14, 2012 (1 
year) were enrolled in the study. Informed parental 
consent was obtained before enrollment. Gestational 
age was defined using the last menstrual period. If 
the last menstrual period was unsure, not available, or 
unreliable, the measurements obtained at the first ante-
natal ultrasound examination of the mother was used 
to determine the gestational age. Late preterm neonates 
with congenital malformations and chromosomal 
anomalies were excluded from the study.
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A pro forma chart was used to collect information for 
each neonate included in the study, and all the details 
were tabulated. Ethical clearance was obtained from 
the institution’s ethical committee.

The morbidities that were defined are as follows:
a. Hypoglycemia—random blood glucose level  

< 40 mg/dL. Blood glucose levels were monitored 
at 8-hourly intervals in all late preterm neonates. 
Random blood glucose estimation was done in 
all symptomatic neonates as per the clinician’s  
discretion.

b. Hyperglycemia—random blood glucose level  
> 185 mg/dL.

c. Jaundice—clinically visible jaundice requiring 
phototherapy/exchange transfusion as per hour-
specific total serum bilirubin nomograms (Amer-
ican Academy of Pediatrics [AAP] chart).15,16

d. Feed intolerance—residual aspirates of > 40% of 
the previous feeds on > 2 occasions.

e. Sepsis—early-onset and late-onset sepsis are 
defined as sepsis diagnosed before 72 hours and 
after 72 hours, respectively.

 – Probable sepsis: Positive septic screen is 
when > 2 parameters of 5 are positive. 
Parameters include total leukocyte count 
< 5000/mm3 or > 15,000/mm3, immature 
neutrophil to total neutrophil ratio  
I:T > 0.2, absolute neutrophil count  
< 1800/mm3 or > 7200/mm3, C-reactive 
protein level > 0.5 mg/dL, and platelet 
count < 1 lakh/mm3.

 – Proven sepsis: Presence of blood stream 
infection, cerebrospinal fluid infection, or 
urine infection, with the confirmed growth 
of the organism in the culture media, is 
proven sepsis.

f. Respiratory distress—presence of at least 2 of 
the following criteria: respiratory rate > 60/min, 
subcostal and sternal retractions, and expira-
tory grunt requiring oxygen therapy. The cause of 
respiratory distress includes RDS, TTNB, congen-
ital pneumonia, pulmonary hypertension, and 
surgeries involving the airway and the thorax.

g. Perinatal asphyxia—neonates with referral note 
suggestive of perinatal asphyxia with APGAR 
score of < 3 at 5 minutes after birth or requiring 
positive pressure ventilation. Neonates were later 
classified under stage 1, 2, and 3 based on Sarnat 
staging of hypoxic–ischemic encephalopathy based 
on the signs and symptomatology during the 
hospital stay.

  Neonates who were admitted (outborn and inborn) 
had one or more morbidities and clinical problems.

Results
Seven hundred and fifty-two neonates were admitted 
during the study period of 1 year. Among them, 394 
neonates were born preterm (52.4%), of whom 126 
(31.9%) were born late preterm. Overall, 60% of 
the total late preterm neonates were males. Seventy 
neonates (55.6%) were outborn admissions with any 
one of the defined morbidities. All inborn late preterm 
neonates who were admitted (n = 56) to the NICU had 
at least one of the morbidities (hypoglycemia, jaundice, 
respiratory distress, feed intolerance, early-onset sepsis 
[proven or suspected], and perinatal asphyxia).

Late preterm neonates with congenital malformations 
were admitted and managed in the NICU but were not 
included for the study.

As mentioned in Table 1, 34.9%, 42.9%, and 22.2% of 
the 126 late preterm neonates were born at 34, 35, and 
36 weeks’ gestation, respectively. Mean admission for 
neonates born at 34, 35, and 36 weeks’ gestation was 
12.9, 10.5, and 7.5 days, respectively. The clinical prob-
lems of outborn neonates (70) referred to the NICU are 
listed in Table 2.
Table 1. Percentage and Mean Admission Days for 
All Late Preterm Neonates Based on the Gestational 
Age

Gestational 
Age, wk

Late Preterm Neonates 
Admitted to NICU, % Mean Admission Days

34 34.9 12.9
35 42.9 10.5
36 22.2 7.5

NICU, neonatal intensive care unit.
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Table 2 enumerates the clinical problems and morbid-
ities observed in the study population admitted to 
the NICU. The overlapping of the morbidities was 
a common finding and was observed in 76% of the 
neonates. Perinatal asphyxia was documented in 25.4% 
(32) of the neonates. Metabolic problems such as hypo-
glycemia and hyperglycemia were observed in 55.5% 
(70) and 44.4% (56) of the neonates during the NICU 
stay.
Table 2. Morbidities and Clinical Problems Observed 
in Late Preterm Neonates

Morbidity or Clinical Problem Late Preterm 
Neonates, n

Distribution of 
Morbidities, %

Perinatal Asphyxia 32 25.4
Hypoglycemia (Symptomatic/
Asymptomatic) 70 55.5

Hyperglycemia 56 44.4
Hyperbilirubinemia Requiring 
Therapy (Phototherapy/Exchange 
Transfusion)

85 67.4

Septicemia 24 19
Early-onset Sepsis 14 11.1
Late-onset Sepsis 10 7.9
Respiratory Distress 62 49.2
 RDS 24 —
 TTNB 28 —
 Congenital pneumonia 10 —
 PPHN Nil —
Feed Intolerance 44 34.9

PPHN, persistent pulmonary hypertension of the newborn; RDS, 
respiratory distress syndrome; TTNB, transient tachypnea of the 
newborn.

The most common clinical problem documented in the 
study was hyperbilirubinemia requiring phototherapy 
with or without exchange transfusion. Three neonates 
required double volume exchange transfusion as they 
were referred with high serum total bilirubin values 
that were plotted in the AAP charts.

Septicemia (suspected or proven) was documented in 
24 neonates (19%). Four neonates had blood stream 
infection (culture-positive gram-negative bacterial 
sepsis) that was late onset in origin. This was attributed 
to hospital-acquired infection. Of 4 neonates with late-
onset sepsis, 2 were outborn, referred on day 4 of life.

Respiratory distress was observed in 62 neonates 
(49.2%). Neonates who were diagnosed with RDS 
(n = 24) did not require surfactant therapy and inva-
sive mechanical ventilation. Six neonates with RDS 
required bubble continuous positive airway pressure 
support and rest of them required only head box oxygen 
therapy. Twenty-eight neonates were diagnosed with 
TTNB, requiring only oxygen therapy.

Feed intolerance was documented in 44 neonates 
(34.9%). Three sets of twins who were symptomatic 
were also included for the study. Eight neonates 
required invasive mechanical ventilation, of whom 5 
had congenital pneumonia, 1 had perinatal asphyxia, 
and 2 had late-onset sepsis and shock.

Among the 5 neonates who died, 1 had severe perinatal 
asphyxia, 2 had late-onset sepsis with shock, 1 had 
congenital pneumonia, and 1 had complex cyanotic 
congenital heart disease. All the clinical problems were 
managed as per the NICU protocols and guidelines.

Discussion
As it was a hospital (NICU)–based study and the 
neonates were all inpatients (outborn and inborn), all 
the neonates had at least one of the morbidities, and 
overlapping or multiple morbidities were also observed 
in 76% of the neonates.

Late preterm neonates constituted 16.5% of the total 
NICU admissions and 31.9% of the total preterm 
admissions. Late preterm neonates form a major group 
that qualifies for NICU admissions with a new spec-
trum of clinical problems they present during the early 
neonatal period. Serrano et al17 and Hibbard et al18 
documented a late preterm admission rate of 17.2% 
(total NICU admissions) and 36.5% (total preterm 
admissions), which was similar to our study.

As discussed in Table 3, hyperbilirubinemia was the 
most common morbidity documented in our study 
and also by Wang et al7 and Jaiswal et al.19 Hyperbili-
rubinemia in late preterm neonates is common because 
of the relative immaturity of liver enzymes for conju-
gation, low levels of serum albumin levels,5,15,16 and 
problems in breast-feeding, which was common in late 
premature deliveries.20
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Table 3. Comparison of Morbidities in Late Preterm 
Neonates During Hospitalization

Morbidities Present 
Study

Wang  
et al7

Jaiswal  
et al19

Hypoglycemia 55.5 15.6 8.8
Hyperglycemia 44.4 — —
Hyperbilirubinemia 67.4 54.4 55.5
Respiratory Distress 49.2 28.9 10.5
Sepsis 19 36.7 401
Feed Intolerance 44 32.2 —
Perinatal Asphyxia With 
HIE 25.4 — —

Values are given as %. 
HIE, hypoxic–ischemic encephalopathy.

Serrano et al17 and Hibbard et al18 also documented 
similar respiratory morbidities as in our study. In this 
study, respiratory morbidities were observed in 49.2% 
of neonates, of which TTNB was most common, 
accounting for 46%. This high incidence would be 
because of abnormalities or delays in the clearance of 
fetal lung fluid after birth. In late preterm neonates, 
the lower number and immaturity of sodium trans-
port mechanisms may be involved in the pathogenesis 
of TTNB. Antenatal steroids are not recommended 
during the induction of late preterm deliveries. This 
could be attributed to higher frequency of mild-to-
moderate RDS and TTNB.17,18 Frequency of congenital 
pneumonia in our study was high.

The frequency of metabolic morbidities such as hypo-
glycemia and hyperglycemia was high in our study 
compared with the studies by Wang et al7 and Jaiswal 
et al.19 As our study included referred neonates in whom 
hypoglycemia was a common morbidity due to lacta-
tion failure in late preterm deliveries, poor postnatal 
adaptation; associated morbidities such as perinatal 
asphyxia, respiratory distress, and sepsis; developmental 
immaturity in enzyme systems for gluconeogenesis; 
lipolysis; and decreased hepatic glycogen stores were all 
attributed to the higher incidence of hypoglycemia in 
late prematurity.20,21

In our study, transient hyperglycemia was also one of 
the leading causes for morbidity, as neonates with sepsis 

and perinatal asphyxia had few episodes of hypergly-
cemia during the stabilization phase.22

Frequency of sepsis in late preterm neonates was high in 
our study (19%). The drawbacks of neonatal infection 
among these neonates is that infection increases risk 
of neonatal complications, prolongs hospital stay, and 
increases mortality. Late preterm neonates have unique 
susceptibility to infection due to the relative immuno-
logic immaturity.23

Feed intolerance was observed in 34.95% of the 
admitted neonates. In late preterm neonates, degluti-
tion, sphincter control, and peristaltic functions are less 
likely to be as mature as in term neonates. Another study 
from St Louis found that among late preterm neonates 
admitted to the NICU, nearly 7.3% of neonates born at  
35 weeks’ gestation were admitted for feeding  
difficulties.11,22

Conclusions
The present study highlights the spectrum of early 
and short-term morbidities in late preterm neonates 
admitted to the NICU. Overall, 76% of late preterm 
neonates have more than one short-term morbidity 
requiring NICU admission. These neonates are a special 
group that needs closer monitoring and timely interven-
tion when indicated. A good starting point to address 
the problems of this special group of neonates called late 
preterms would be to collect short-term and long-term 
follow-up data and create awareness among the health-
care providers on the importance of close monitoring of 
these neonates in the hospital and at home. Admission 
and discharge criteria should be revised to prevent early 
morbidities and readmission in late preterm neonates.

Limitations
A control group was not available.

The details of the cause of late prematurity and ante-
natal steroids usage were not collected during the study.

Intermediate-term and long-term morbidities were not 
studied.
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What is Already Known?
Late preterm neonates are a special group with early 
morbidities.

What This Study Adds?
About three-fourths of late preterm neonates admitted 
to the NICU have more than one short-term morbidity.
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