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Abstract
Background: Late preterm infants are born at a gestational age between 34+1 and 36+6 weeks, they have
higher morbidity and mortality rates than term infants (gestational age ≥37 weeks).

Methods: In this retrospective, cross-sectional study the medical records of late preterm infant
hospitalized in Fatemieh hospital, Hamadan- Iran, were extracted during a one-year period (March 2018–
March 2019). Demographic information including sex, birth weight, causes of hospitalization and
complications of the disease, length of stay, and outcome were assessed.

Results: Out of 150 infants studied in this research, 52% were female and 48% were male. Mean weight
was 2775±572 gr with mean admission days of 9.1±4.7 days. Respiratory distress syndrome (RDS) was
the most common cause of admission (80.7%). Neonatal mortality rate was overall 7.3%. According to
logistic regression, need for resuscitation and ventilation, central nervous system (CNS) involvement
(seizure) (P≤0.001), congenital heart disease (P≤0.001), need to surfactant administration (P=0.034),
pneumonia (P=0.018), feeding problems (P≤0.001), hypoglycemia (P=0.048) and septicemia (P≤0.001),
could all possibly correlate with the occurrence of death in late-preterm infants.

Conclusion: Neonatal mortality is high in late preterm infants and can be predicted by the need to
intensive supports for respiratory distress syndrome, CNS involvement, congenital heart disease, and
septicemia.

Background
Infants born between the 34 to 36+ 6 weeks of gestation, also known as late-preterm infants, sometimes
are similar to term infants (who are born between the weeks of 37 to 41) in terms of weight and size, but
some cases need post-birth examinations by the medical staff (1). Late- preterm infants are
physiologically and metabolically immature, that’s why they are more vulnerable to neonatal and
developmental complications than ordinary infants (2). Moreover, late-preterm infants are more likely to
be readmitted to the hospital during the neonatal period, with an increasing trend in recent years (3).
Several reasons have been reported for the increase in the number of late-preterm births, such as
increased use of pregnancy technologies, increased care and medical interventions during pregnancy
using fetal electronic monitoring and prenatal ultrasonography, and increased number of delivery and
cesarean induction (4). Late-preterm infants have not been studied effectively and the biology and
mechanism of the disease they experience are not fully known (5). Because of lung structure and its
immature functional capacity, these infants are at higher risk for respiratory distress after birth and
require oxygen and positive pressure ventilation and even admission to the neonatal intensive care unit
(NICU) (6). The susceptibility to apnea in late-preterm infants is associated with different underlying
factors such as the increased risk of hypoxic respiratory depression, decreased central chemical
susceptibility to carbon dioxide, immaturity of pulmonary stimulatory receptors, increased respiratory
depression, sensitivity to the larynx stimulation, and reduced strength of muscles dilating the upper
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airway (7). It is also assumed that late-preterm infants are at higher risk for central apnea because the
central nervous system of these infants is immature (8). In addition, it is generally assumed in the
cardiovascular system that immature structure and function restricts the rate of cardiovascular reserve
available during stress (9). Preterm infants are at greater risk for hypoglycemia during postnatal
development due to immature liver gluconeogenesis, immature lipolysis of the adipose tissue, hormonal
imbalance, and failure of liver gluconeogenesis and ketogenesis (10). Feeding problems are common in
late pre-terms. Results 54 infants had feeding di�culty. Jaundice and hyperbilirubinemia occur in late-
preterm infants with higher frequency and longer duration compared to term infants because late-preterm
infants have late maturation and de�ciency of urethane 5'-diphosphate-glucuronyl-transferase (11). Due
to de�ciency of the immune system, late-preterm infants are at increased risk for a variety of infections
which require antibiotic treatment (12).

This group of infants has recently been given more attention in neonatal science and the study of
complications has led to the improvement of outcomes and reduction of infant mortality rate. Even late-
preterm infants with no major clinical problems after birth might develop some alterations in the future,
so we recommend that regular monitoring of late-preterm infants be carried out in the long term to
prevent any developmental disorders from arising.

According to importance of this group of neonates (late pre-terms), and recent increasing rate of birth of
them, we conducted this study to evaluating the main risk factors leading to death, so planning for
improvement of survival can be achieved.

Methods
The present research was a retrospective cross-sectional study performed in Fatemieh hospital,
Hamadan- Iran during March 2018-March 2019. The study population included 150 neonates born
between the weeks 34 to 37 of gestation (inclusion criterion) admitted to the NICU and neonatal wards in
Fatemieh hospital from March 2018 to March 2019. The only exclusion criterion was the incompleteness
of the medical records. Information obtained from medical records was recorded in special checklists.
The information included demographics (age and gender, gestational age), hyperbilirubinemia (bilirubin
higher than 90th percentile for age), respiratory distress (at least on of following symptoms: tachypnea,
grunting, nasal �aring, retraction) and apnea (lack of spontaneous breathing for 20 second or more),
congenital heart diseases (CHD) (any abnormality in heart anatomy or function), length of hospitalization
stay (days in hospital), and hypoglycemia (In the �rst 3 hours of life, the 4–24 hours and after 24 hours
of life the blood glucose under 35 mg/dl, under 40 mg/dl and under 45 mg/dl, respectively represent
hypoglycemia), sepsis (positive blood culture in addition to clinical presentation), feeding problems
(vomiting, regurgitation, abdominal distention, poor sucking, poor swallowing). RDS was diagnosed if
respiratory distress began after birth and characteristic ground glass appearance in chest X ray (CXR)
was seen. Exogenous surfactant was administered if fraction of inspired oxygen (FiO2) > 30% was
needed.
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All procedures were conducted under ethical instructions of the Ethical committee of Hamadan University
of Medical Sciences, for the consideration and use of patient’s laboratory data which encoded
“IR.UMSHA.REC.1394.454”. Informed consent was obtained from all individual participants for whom
identifying information is included in this article.

Collected data were analyzed using the SPSS software (Statistical Package for the Social Sciences,
version 16.0, SPSS Inc, Chicago, Illinois, USA). Data were reported as below: qualitative variables by
number and percentage, quantitative variables by mean and standard deviation, the correlation between
variables by chi-square test, comparison of quantitative variables (mean) by the t-test and for detecting
potential confounding factors for death in late-preterm infants simple logistic regression analysis were
performed. Signi�cance’s level was considered as p < 0.05.

Results
Out of 150 infants studied in this research, 52% were female and 48% were male. However, there was no
signi�cant difference between them (p = 0.467). The mean weight of infants was 2775 ± 572 gr and their
mean hospitalization duration was 9.1 ± 4.7 days. 39% of infants were born by cesarean section (C/S)
and 61% by vaginal delivery. All the pre-term infants received betamethasone. There was no signi�cant
difference between sexes in terms of weight and hospitalization time (p = 0.348, p = 0.436 respectively).
The most common cause of hospitalization was respiratory distress (80.7%). Other causes of
hospitalization in NICU are shown in Table 1.
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Table 1
Baseline Characteristics in Survived and expired late-preterm infants

Parameters Survive(n = 139) Expire(n = 11) Total (n = 150) P-value

Sex 0.467

Male* 64(90.1) 7(9.9) 71  

Female* 75(94.9) 4(5.1) 79  

Birth weight (gr)** 2781 ± 580 2700 ± 483 2775 ± 572 0.348

Length of stay (day)** 8.6 ± 4.3 15.4 ± 5.1 9.1 ± 4.7 0.436

NICU admission, causes* 0.000

RDS 119(98.3) 2(1.7) 121 0.000

CNS involvement (seizure) 7(58.3) 5(41.7) 12 0.000

CHD 13(76.5) 4(23.5) 17 0.000

Need to Ventilator* 0.000

Yes 37(77.1) 11(22.9) 48  

No 102(100) 0(0) 102  

Need to Surfactant* 0.034

Yes 33(84.6) 6(15.4) 39  

No 106(95.5) 5(4.5) 111  

Pneumonia* 0.018

Yes 3(60) 2(40) 5  

No 136(93.8) 9(6.2) 145  

Feeding problems* 0.000

Yes 28(75.7) 9(24.3) 37  

No 111(98.2) 2(1.8) 113  

Hypoglycemia* 0.048

* Data presented as n (%) ** Data presented as mean ± SD.

NICU: Neonatal Intensive Care Unit

RDS: Respiratory Distress Syndrome

CNS: Central Nervous System

CHD: Congenital Heart Disease
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Parameters Survive(n = 139) Expire(n = 11) Total (n = 150) P-value

Yes 11(78.6) 3(21.4) 14  

No 128(94.1) 8(5.9) 136  

Septicemia* 0.000

Yes 5(55.6) 4(44.4) 9  

No 133(95) 7(5) 140  

Need to Resuscitation* 0.000

Yes 14(56) 11(44) 25  

No 125(100) 0(0) 125  

Birth weight* 0.069

Low birth weight 42(91.3) 4(8.7) 44  

Normal weight 97(93.3) 7(6.7) 104  

* Data presented as n (%) ** Data presented as mean ± SD.

NICU: Neonatal Intensive Care Unit

RDS: Respiratory Distress Syndrome

CNS: Central Nervous System

CHD: Congenital Heart Disease

According to logistic regression, need for resuscitation and ventilation, CNS involvement (seizure),
congenital heart disease, need to surfactant administration, pneumonia, feeding problems, hypoglycemia
and septicemia, could all strongly predict occurrence of death in late-preterm infants (Table 2).
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Table 2
Odds Ratio for Neonatal Mortality According to the Risk Factors

Parameters B S.E OR 95%CI P-Value

Male sex 0.718 0.649 2.051 0.574–7.324 0.269

CNS involvement (seizure) 3.75 0.923 42.5 6.967-259.262 0.000

Congenital heart disease 2.907 0.914 18.308 3.053-109.799 0.000

Need to Ventilator use --- --- --- --- ---

Need to surfactant 1.349 0.637 3.855 1.105–13.447 0.034

Pneumonia 2.31 0.976 10.074 1.489–68.177 0.018

Feeding problems 2.881 0.81 17.839 3.648–87.329 0.000

Hypoglycemia 1.473 0.746 4.364 1.011–18.843 0.048

Septicemia 2.721 0.775 15.2 3.329–69.405 0.000

Need to Resuscitation --- --- --- --- ---

Low Birth Weight 0.277 0.653 1.32 0.367–4.75 0.671

Statistical analysis: Chi-square test & T-independent Test.

Mortality in admitted term neonates, were very lower than late-preterms (< 1%) and the main causes of
admission in this group were: Hypoxic-Ischemic-Encephalopathy, congenital anomalies, sepsis.

Discussion
This study has demonstrated that late-preterm infants suffer signi�cant morbidity and mortality and
hence, this population needs to increase observation and close monitoring during birth hospitalization. In
our study, the major risks associated with the mortality of late-preterm neonates were need for
resuscitation and mechanical ventilation, CNS involvement (seizure), congenital heart disease, surfactant
administration, pneumonia, feeding problems, hypoglycemia and septicemia. The mean weight of infants
in this study was 2804 gr. In a study conducted by Kitsommart (13), the mean weight of infants was
reported to be 2576 gr, which is inconsistent with the present study. This difference can be attributed to
ethnic differences between infants. Lotfalizadeh and colleagues (14) also reported that the mean birth
weight of infants was 2743 grams, that is consistent with the present study.

About days of hospitalization, the results showed the minimum and maximum hospitalization days were
1 and 30, respectively, with a mean of 9.1 ± 4.7 days. The mean hospitalization days in a study conducted
by Kitsommart (13) was equal to 8.2. These results are consistent with the �ndings of the present study.
The overall duration of hospitalization amongst late-preterm infants was twice than term infants in the
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study by Savitha (15). These results show that late-preterm infants have a higher risk of mortality, and
therefore the pediatric physician must monitor late-preterm infants immediately after birth.

In terms of the cause of hospitalization, the results showed that the most common cause of
hospitalization was respiratory distress syndrome (RDS) and transient tachypnea of the newborn (TTN)
(80.7%) and then cardiovascular diseases (11.3%). In addition, the least cause was a CNS involvement
(seizure) (8%). Kitsommart (13) reported that the most common cause of hospitalization of late-preterm
infants was related to the respiratory system, including respiratory distress (34%), respiratory distress
syndrome (RDS) (11%), and TTN (14%). This is consistent with the �ndings of the present study. In a
study carried out by Correia and co-workers on respiratory morbidity in late-preterm neonates, 8.8% had
RDS or TTN (16).

Tsai et al. studied morbidities in late-preterm infants and reported that respiratory problems are the most
common cause of morbidities, which is consistent with the results of the present study (17). Differences
between this study with ours is due to we studied only hospitalized late-preterms but they evaluated all
late-preterms who were born in their center.

Since late-preterm infants may lack a complete respiratory system, natural evolution, and the ability to
adapt to the environment, they require mechanical ventilation. The results of this study showed that 32%
of infants needed mechanical ventilation. In studies of Kitsommart (13) and Tsai (17), 25.3% and 26% of
infants needed mechanical ventilation, respectively. The results show that the need for mechanical
ventilation is higher in this study which requires more attention and care in managing these infants.

Hyperbilirubinemia tends to be more intense and longer in late-preterm infants (18). Because of
immaturity and delay in the bilirubin liver conjugation, late-preterm infants are twice more vulnerable to
unconjugated pathologic hyperbilirubinemia than term infants (13, 19). The results of this study indicated
that 42% of infants had hyperbilirubinemia. This is consistent with the �ndings of Tsai et al. (17) and
Haroon et al. (20) who reported that the rate of hyperbilirubinemia was equal to 33% and 37.9%,
respectively. Scheuchenegger et al. also showed that the rate of hyperbilirubinemia was 29% (21).

The risk of hypoglycemia in late-preterm infants is three times higher than term infants. Hypoglycemia
may occur at any age due to inappropriate and inadequate metabolic response to the discontinuation of
glucose from the mother's blood (22). The results of this study showed that hypoglycemia is statistically
signi�cant )9%) in late-preterm infants. Hosagasi and colleagues demonstrated the highest risk for
hypoglycemia in the early postnatal period was present especially in late-preterm infants group (23). Tsai
et al. reported that the prevalence of hypoglycemia is equal to 7%, 3.3%, and 3% in infants aged 34 weeks,
35 weeks, and 36 weeks (17). Kitsommart et al. also showed that the prevalence of hypoglycemia among
infants is equal to 32.5% (13). According to a study by Bulut in Turkey on short-term complications of
late-preterm infants, they founded hypoglycemia and sepsis were signi�cantly higher in these infants
compared to term infants (24).
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Late-preterm infants have a 3.2 times higher risk of sepsis compared to term infants (25). Due to the lack
of evolution of the immune system, late-preterm infants are at increased risk of a variety of infections
and need antibiotics. In the present study, 98% of infants had received antibiotics. According to our
results, Drazdienė and co-workers demonstrated “during one respiratory syncytial virus (RSV) season, the
incidence of lower respiratory tract infection (LRTI) hospitalizations among late-preterm infants were
6.5% and the incidence of RSV LRTI hospitalizations was 1.7%. The majority of hospitalized infants
(94.7%) had a mild or moderate respiratory illness (26). Similarly, the frequency of need for antibiotics
was reported to be 83.5% in the study conducted by Lotfalizadeh and colleagues (14). However,
Kitsommart et al. reported that the need for antibiotics among infants was equal to 56.5% which is less
than the present study (13). In addition, the prevalence of sepsis )including pneumonia) in this study was
9.4%. This �gure was reported to be 13.6% by Savitha et al. (15), and 10.3% by Sahana et al. (27) which
are consistent with the present study. Jakiel et al. also showed that the prevalence of sepsis is equal to
3.3%. He also found that the prevalence of sepsis in term infants is signi�cantly lower than late-preterm
infants (28). In another study which performed by Swiss researcher to evaluate the risk of bacterial
infections in late-preterm neonates, Stocker and colleagues suggested that asymptomatic infants in the
�rst 48 hours after birth should be closely monitored, also symptomatic infants immediately need an
intravenous antibiotics administration (29). Considering the higher prevalence of sepsis in this study than
other studies, there is a need for paying more attention to care and preventing the transmission of
infectious agents through examination with contaminated hands and other means of transmission.

The results of this study showed that the risk of congenital heart diseases (CHD) is statistically
signi�cant in late-preterm infants. congenital anomalies were the direct cause of neonatal deaths in the
study by Abdel Razeq et al (30).

The need for surfactant in the present study was 26% and this amount of surfactant requirement in late-
preterm infants is statistically signi�cant. This �gure in the study of Kitsommart et al. was reported to be
6.5%, which is not consistent with the present study (13). The incidence of respiratory problems such as
RDS, TTN, and ventilator requirements in late-preterm neonates is higher than terms (31). In line with our
results, Olivier and colleagues showed that minimally invasive surfactant therapy for respiratory distress
syndrome management in moderate and late-preterm infants was associated with a signi�cant reduction
of mechanical ventilation exposure and pneumothorax occurrence (32).

The late-preterm infants had higher rates of resuscitation in the delivery room such as chest compression
and intubation than control group. In the studies by de Araújo et al. (18) and Afjeh et al. (33) there were a
positive correlation between the need for resuscitation and preterm birth which are inconsistent with the
present study. In the present study, 16.8% of infants needed resuscitation measures and there was a
difference between sexes, as male infants needed these measures more than females. The need for
resuscitation measures was reported to be 21% and 18% by Haroon et al. (20) and Kitsommart et al. (13),
which are consistent with the �ndings of the present study.
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In our study late-preterm infants had more feeding problems that required nutritional and supportive
management. Similar results were found by Savitha et al. (15) and Wagh et al. (34). The best way to feed
late-preterm infants is breastfeeding because it is to the bene�t of both the mother and the infant.
However, these infants need more care and support than term ones, because the sucking- swallowing
coordination and ingestion is still immature in these infants and they have nutritional problems. In the
present study, the feeding problem is statistically signi�cant in late-preterm infants. Johnson and co-
workers demonstrated Infants born late and moderately preterm; 32–36 weeks of gestation, are at
increased risk of oral motor and picky eating problems at 2-year corrected age. However, these are
mediated by other neurobehavioral sequelae in this population (35). The results of this study showed that
24.7% of infants had feeding problem. This is consistent with the �ndings of Lotfalizadeh et al. (14)
where the prevalence of nutritional problems among infants was equal to 20%.

Late-preterm infants also are at greater risk of developing neurological problems than terms. Jia You and
co-workers were observed that the late-preterm infants had impairments in social competence and social
cognition before 3 years of age (36). Given the increased risk of death caused by the seizure and long-
term complications of this condition, it is necessary to pay more attention to the risk factors of seizure at
this age, such as hypoglycemia, hypothermia, and infections.

The rate of mortality in late-preterm infants is three times higher than other infants. In the US, 10% of all
neonatal deaths are related to late-preterm infants (37). In the present study, the mortality rate of
admitted late-preterm infants was equal to 7.3%. This �gure in studies conducted by Kitsommart et al.
(13) and Tsai et al. (17) were 0.7% and 3% respectively. The high mortality rate in our study may be due to
the fact that our hospital is a tertiary care referral center and hence, we admit sicker late-preterm infants
that they had serious morbidities like need to resuscitation at delivery room, respiratory distress and
sepsis.

Conclusion
The results of this study showed that mortality is high in late-preterm infants and can be predicted by the
need to intensive supports for respiratory distress syndrome, CNS involvement, congenital heart disease,
and Septicemia. Therefore, identifying and management of these predictive factors can reduce neonatal
mortality in these infants.

Abbreviations
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CNS
central nervous system
NICU
neonatal intensive care unit
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congenital heart diseases
CXR
chest X ray
FiO2
fraction of inspired oxygen
C/S
cesarean section
TTN
transient tachypnea of the newborn
RSV
respiratory syncytial virus
LRTI
lower respiratory tract infection
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