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Abstract: Late preterm infants (LPI) are representing the largest category of preterm infants and their 
number is continuously increasing due to multiple factors. Evidence is suggesting that LPI must be 
considered an at risk category of newborns. Aim: The papers aims to present the reported evidence 
regarding short and long term risks of LPI. Material and methods: The literature was search for 
relevant papers and reviews outlining neonatal and postneonatal complications associated with late 
preterm delivery. Results: The authors are presenting epidemiological data, etiology, neonatal 
morbidity, neonatal mortality, and recent data about long term risks of LPI. Conclusion: More and more 
evidence suggest that late preterm birth has not only increased neonatal morbidity and mortality but 
also increased risks for unfavourable long term prognosis. Efforts should be done by professional to 
decrease the rate of late preterm delivery and to improve LPI outcome. 
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INTRODUCTION 
 Prematurity - defined as birth before 37 weeks of 
gestation - and its complications are still the leading cause of 
death during the neonatal period. (1-4) In the latest years, due to 
advances in modern neonatology and obstetrics threshold of 
viability limits were continuously challenged, more and more 
extremely preterm infants surviving.(5) While focusing on 
improving survival of very preterm infants, evidence gathered 
about the vulnerability of another category of preterm infants, 
those delivered near term, so called “moderate premature 
infants” or “near term infants”. 

Long time ignored by both obstetricians and 
neonatologists, preterm infants born between 34 weeks 0 days to 
36 weeks 6 days are looking very similar to term infants but 
demonstrate particularities, vulnerabilities, and pathology 
characteristic to preterm infants, as reported by studies 
published after the year 2000. Therefore, experts decided to 
abandon the former terminology and introduced the term of “late 
preterm infant” (LPI) in order to more clearly underline the fact 
they are preterm infants and to warn about their increased risk of 
short and long term complications due to immaturity.(6)         

The experts have turned their attention towards this 
category of preterm infants not just because of the risks, but also 
because an increased rate of late preterm delivery was signalled 
all over the world, especially in industrialized countries.(2,7,8) 
Recommendations and special protocols are needed in order to 
improve LPI outcome, both during neonatal period and on long 
term since more and more late prematurity is recognized as a 
public health problem.(9) 

 
PURPOSE 

 The aim of this paper is to review and present the most 
recent reported evidence regarding short and long term risks of 
LPI.  
 

MATERIALS AND METHODS 
 The literature was searched for relevant papers and 
reviews outlining neonatal and postneonatal complications 

associated with late preterm delivery. 
 

RESULTS AND DISCUSSIONS 
Epidemiology 

 Late preterm infants are representing the highest 
proportion of the preterm infants - 63.2-79% (2,10,11) - and 
about 6% of all live births (2), while the global rate of 
prematurity is around 8%.(3) The proportion of LPI is 
increasing with decreased gestational age (GA): 19.8% LPI born 
at 34 weeks, 26.3% at 35 weeks, and 53.8% at 36 weeks 
gestation, as reported by Gázquez Serrano et al.(3) Also, due to 
perinatal complications, LPI representing around 20-25% of the 
admission in neonatal intensive care units (NICU).(3,12) 
Increased number of LPI is seen mostly in tertiary neonatal 
centers and in industrialized countries, and this is explained by 
the rising number of induced births due to maternal or fetal 
considerations.(13)   

Etiology 
 Multiple circumstances are contributing to the 
increased rate of late preterm delivery reported in the latest 
years worldwide. Labor induction or elective cesarean section 
due to maternal and/or fetal medical reasons is reported by some 
authors as the main determinant of increased rate of late 
prematurity (2) as a result of an improved recognition and 
management of at risk pregnancies.(8,14). Other important 
contributors to increased rate of LPI are: increased number of 
pregnancies after assisted conception and, potentially multiple 
pregnancies as a result of this methods, increased recognition of 
conditions at risk for preterm delivery or complications as 
thrombophilia, increased number of scheduled cesarean sections 
without a clear maternal or fetal indication, increased number of 
elective cesarean sections performed at patient request, incorrect 
appreciation of GA, increased maternal age (associated with 
increased rate of prepartum and intrapartum 
complications).(2,3,15) Available data suggests that 6.1-23.2% 
of the late preterm deliveries have no valid indication or are 
avoidable births.(16-19) In a study of 3.483.496 deliveries of 
singletons, Reddy et al. (19) reported 292.627 late preterm 
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deliveries of which 76.8% were spontaneous or with medical or 
obstetrical indication, while no indication was found in 23.2% 
cases and warned that neonatal morbidity and mortality was 
increased in infants delivered without indication compared to 
LPI spontaneously born.              
 Conditions known to carry an increased risk for 
spontaneous preterm delivery are responsible for a great part of 
late preterm deliveries: spontaneous preterm rupture of amniotic 
membrane, chorioamnionitis, multiple pregnancy, maternal 
hemorrhages, abruptio placentae, pregnancy-induced 
hypertension and eclampsia, pre-existent or gestational diabetes, 
maternal age under 20 years, oligohydramnios, lack of prenatal 
care, smoking, drug abuse, history of preterm delivery, 
multiparity, reduced interval between pregnancies.(2,3,20-24)   

Neonatal pathology 
Neonatal morbidity risk 

 Immaturity of the all organs and systems and 
circumstances causing or associated to preterm delivery are 
increasing significantly the neonatal morbidity risk in LPI 
compared to term infants. The reported neonatal morbidity risk 
is 2-9 times higher than in term infants (2,15,20,25,26), 
increasing as GA decreases. (27) Shapiro-Mendoza et al. (27), in 
a large study comprising 26.170 LPI compared to 377.638 term 
infants reported that LPI has a 22.2% morbidity rate as 
compared to 3% in term infants, a relative risk for morbidity two 
fold increased for every week decrease in GA, a relative risk for 
morbidity of 20.6 at 34 weeks and of 10.2 at 35 weeks gestation. 
Association with intrauterine growth restriction increases even 
more the neonatal morbidity and mortality risks.(28)      

Respiratory conditions 
 Between 27 and 36 weeks gestation the pulmonary 
alveoli are in the saccular developmental stage (before the 
alveolar stage), a transitional stage towards complete maturation 
of the alveoli. Primitive alveoli of this stage are more and more 
efficient as gas exchange chambers. Still, even near term, alveoli 
can be insufficient in terms of number and quality for sustained 
pulmonary functioning. Maintaining functional residual 
pulmonary capacity is affected by pulmonary compliance, low 
pulmonary volumes, reduced mobility of the airways, and 
increased compliance of the thoracic cage.(20,29) At 34 weeks 
gestation, the pulmonary volume is representing only 47% of the 
pulmonary volume of a term infant (20) and gas exchange 
surface is increasing 30 times from 36 to 40 weeks 
gestation.(30) A reduced inflammatory stimulus may accelerate 
pulmonary maturation but more intense inflammation, causing 
severe inflammatory lesions of the alveolar-capillary unit, may 
induce serum protein leakage into the airways and surfactant 
inactivation, predisposing to respiratory distress syndrome.(20) 
Maturation of surfactant system also occurs during this period, 
ensuring the alveolar stability and preventing alveolar collapse 
during expiration and hyperinflation during inspiration.(30)  
 Respiratory complications are the prime morbidities of 
LPI.(17,22,31-33) Structural and functional immaturity of the 
lung increases the risk for difficult adaptation immediately after 
birth and for respiratory conditions: 
- transient tachypnea of the newborn (delayed resorption of the 
fetal pulmonary fluid), mostly in infants delivered by cesarean 
section and precipitated labor;(13) occurring in 6.4% LPI 
compared to 0.3% in term infants;(34) an increased risk for 
severe hypoxemic respiratory failure (malignant transient 
tachypnea of the newborn) was reported in LPI;(13) 
- respiratory distress syndrome (secondary to quantitative and/or 
qualitative surfactant deficiency), the most severe acute 
respiratory complication of prematurity; frequency of 10.5% in 
LPI compared to 0.3% in term neonates;(34)  
- apnea (due to a biphasic ventilatory response to hypoxia); 

occurring in 4-7% of LPI versus 1-2% of term newborns;(15) 
- sudden infant death syndrome (due to increased immaturity of 
the autonomous nervous system overlapping respiratory 
immaturity).(13,20,30,35) 
 Respiratory morbidity can be negatively influenced by 
prenatal conditions as intrauterine growth restriction, low birth 
weight, cesarean section delivery, maternal diabetes, 
hypertension, and eclampsia.(20) 

Cardiovascular conditions 
 Functional cardiovascular immaturity may delay 
transition from fetal to adult circulation, with persistence of the 
fetal communications - foramen ovale, ductus arteriosus - and 
persistent high pulmonary vascular resistances. Frequently, this 
leads to persistent pulmonary hypertension and usually 
complicates respiratory conditions (transient tachypnea of the 
newborn, respiratory distress syndrome, meconium aspiration, 
air-leak syndromes). Persistent elevation of the pulmonary 
artery pressure with right-to-left shunt and hypoxemia may 
evolve towards acute hypoxemic cardiorespiratory 
failure.(13,15) Delayed parasympathetic maturation predisposes 
LPI to bradycardia.(35)  

Neurological influences 
 Maturity of the nervous system is crucial for the 
functioning of all organs and systems. Brain development is 
substantial and rapid during the last weeks before birth: at 35 
weeks gestation brain weighs only two thirds of the weight at 
term, at 36 weeks brain volume is only 60% of the volume at 
term, the volume of white matter increases 5 times during the 
last 6-8 weeks of pregnancy, 25% of cerebellum development 
occurs between 34 and 40 weeks, and up to term the cerebral 
cortex almost doubles its volume due to huge number of 
connections between nervous cells and different cerebral 
areas.(6,9,20,36,37) Preterm infant brain is characterized by 
anatomic and functional immaturity. Reduced number of giri 
and sulci, ongoing myelination and cortical neuronal migration, 
immature white matter, incomplete sinaptogenesis and dendritic 
arborization are explaining the increased risk of LPI for white 
and gray matter lesions associated with hypoxia and 
ischemia.(9,20) Incomplete brain development at birth is also 
incriminated as an important risk factor for long term 
developmental, neurological, behavioral and psychiatric 
abnormalities.(9,20)        
 During the neonatal period, immaturity of the nervous 
system is associated with poor regulation of the states, 
disorganized, unpredictable behavior, and irritability to 
stimulation.(38) Immaturity of the nervous centers of the 
brainstem is responsible for the increased risk for apnea, 
disorganized suck-swallow-breathe pattern, and sleeping 
difficulties.(39) Hypoxia and ischemia at birth or secondary to 
severe cardiorespiratory conditions may lead to intraventricular 
hemorrhage and/or periventricular leukomalacia. The rates of 
intraventricular hemorrhage are low in PTI but higher than in 
term infants (0.2-1.4%) (31,34,40) but, same as for 
periventricular leukomalacia, the real rates are practically 
unknown since routine head ultrasound is not performed in 
LPI.(20) The risk for periventricular leukomalacia is three times 
higher than in term infants.(31,41) Some studies also reported an 
increased risk for neonatal vascular cerebral infarct in LPI, 
associated with fetal distress and cardiac congenital defects.(42-
44)  

Birth hypoxia 
 The last weeks of gestation are representing a critical 
developmental period for the maturation of all systems and 
organs. Biochemical and hormonal changes associated with 
spontaneous birth are determinant for an adequate transition to 
extrauterine life.(45) Preterm delivery occurs before maturation 
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of these processes is finished, therefore respiratory and 
hemodynamic transition to extrauterine life is affected. 
Increased need for resuscitation at birth (46% compared to 28% 
in term infants, p<0.001), lower Apgar scores, and increased 
need for oxygen (32% versus 22%, p<0.001) and for respiratory 
support (1 in 7 LPI) are reported in LPI.(45) The need for 
resuscitation procedures at birth increases in association with 
multiparity, multiple pregnancy, maternal hypertension, delivery 
by cesarean section, low birth weight, and male gender.(3,45) 

Hypothermia 
 After birth, the response to cold is dependent on GA, 
birth weight, quantity of brown and white fat, and hypothalamic 
maturation.(15,46) Brown fat accumulation and maturation is 
maximum at term.(15) Preterm infants lack sufficient quantities 
of hormones implied in brown fat metabolism - prolactin, leptin, 
norepinephrine, cortisol, triiodothyronine - and have a reduced 
capacity to generate heat compared to term infants.(47) Physical 
characteristics of the LPI are predisposing to heat loss: increased 
body surface to weight ratio, immature epidermal barrier, 
reduced flexion due to hypotonia.(15,26,48) In cold 
environment, LPI can lose 10C per minute.(6,49) All these 
factors are contributing to a nine fold increased risk for 
hypothermia in LPI.(32) 

Gastrointestinal problems 
 The digestive tract is developing throughout the entire 
pregnancy but maturation occurs only in the third trimester. 
Infant born late preterm have decreased intestinal peristalsis, 
reduced control of the esophageal sphincter, reduce acidic 
gastric secretions, low pancreatic enzymatic activity, 
underdeveloped intestinal villi, reduced lactase activity, reduced 
secretion of bile salts compared to term infants but has a good 
tolerance of maternal milk.(6,15,26,50,51) All these are 
affecting nutrients digestion and absorption (50) in an infant 
with increased nutritional and energy needs compared to term 
infant.(52) Achievement of nutritional need is impeded also by 
breastfeeding difficulties.(40,53-56) Multiple factors are 
influencing breastfeeding: poor coordination of sucking with 
deglutition and breathing (maturation occurs at around 35 weeks 
gestation), low oral motor tone, insufficient pressure, poor 
regulation of states (with sudden transition from an under 
aroused, sleepy child to an over aroused, fussy and reluctant 
one), rapid tiredness.(2,6,10,48,50,55-57) Medical conditions at 
birth also impede breastfeeding initiation and success due to 
frequent separation of child from his mother. Poor breast 
attachment and suck are interfering with lactogenesis, 
aggravating breastfeeding even more (54-56,58) completing a 
vicious circle that results in increased risk for marked decrease 
of body weight during the first days of life (physiologic weight 
loss), slow weight gain, hypoglycemia, hyperbilirubinemia (with 
increased risk for kern icterus and breastfeeding jaundice), 
dehydration, and breastfeeding failure.(6,48,52) Complications 
arising from feeding difficulties are increasing the risk for 
readmission after discharge from maternity hospital.(32,59) 
Poor suck-swallow-breathe coordination increases the risk for 
apnea and aspiration syndrome.(15)       

Hypoglycemia 
 Clinically significant hypoglycemia, reflecting an 
unbalance between glucose and alternative resources intake and 
utilization, may occur in circumstances affecting glucose control 
and regulation.(56) Unfortunately, there is no specific plasmatic 
glucose concentration or duration of hypoglycemia that can 
predict the occurrence of permanent neurological lesions in 
newborns at risk, as LPI are, therefore glucose concentration 
monitoring is mandatory in these neonates.(56) Lower glycogen 
stores, immature hepatic glycogenolysis, immature brown fat 
lipolysis, hormonal imbalances, reduced hepatic 

gluconeogenesis, deficient ketogenesis, feeding difficulties, and 
increased incidence of perinatal conditions (hypothermia, birth 
asphyxia, respiratory distress, infections, etc.) are predisposing 
LPI to hypoglycemia.(2,15,20,48) The risk of hypoglycemia is 
inversely correlated with GA (15) and three times higher in LPI 
compared to term infants.(32,48,60)       

Jaundice 
 Neonatal jaundice is occurring more often and is more 
prolonged in LPI compared to term infants.(2,15,20,48) Also, 
LPI are more frequently presenting significant 
hyperbilirubinemia (32,62) and have an increased risk for severe 
jaundice (kern icterus) (62) - bilirubin levels > 20 mg/dl are 
occurring 8 times more often in LPI compared to term 
infants.(48) Increased bilirubin load and immature bilirubin 
metabolism - deficient bilirubin uptake, insufficient bilirubin 
conjugation, deficient bilirubin binding to albumin, low albumin 
concentrations - are partially responsible for this increased risks. 
Feeding difficulties and in some circumstances maternal 
conditions (as, for example, obesity, diabetes, cesarean delivery, 
hypertension) are delaying lactogenesis II.(54,55,58,63-65) 
Insufficient breast emptying and stimulation are interfering with 
the offer-demand response of lactation, the result being a 
continuous decrease of milk supply.(58) Excessive weight loss, 
in absence of nutritional supplementation, contributes to 
jaundice intensification and prolongation, interfering with 
bilirubin clearance. Increased betaglucuronidase concentrations 
in breast milk and gut are releasing bilirubin from conjugated 
compounds and reduced intestinal motility favors bilirubin 
recirculation into entero-hepatic circulation, inhibiting bilirubin 
elimination.(9,48,66) Dehydration and associated hypernatremia 
are increasing the risk of bilirubin toxicity and kern icterus. In 
USA, kern icterus was reported almost exclusively in 
LPI.(9,15,67,69)                

Infections 
 Late preterm infants have immature defence against 
infections due to structural and functional cutaneous and 
mucous barriers, immature and/or deficient immune responses, 
umoral and cellular deficiency, lower concentrations of 
immunoglobulins, cytokines, fibronectin, deficient functioning 
of antibodies.(2,6,48) Other factors increasing the risk for 
neonatal infections are the premature birth itself (often 
associated with chorioamnionitis and neonatal sepsis), increased 
need for resuscitation at birth, increased rates of perinatal 
pathology imposing admission to neonatal intensive care units 
and/or invasive diagnostic and therapeutic procedures, low birth 
weight, cesarean section delivery.(26,40,69,70) Increased rates 
of neonatal sepsis compared to term infants is reported by many 
studies (48,70), increasing the neonatal mortality rate.(70,71) 
Careful evaluation of the risk factors for neonatal infections in 
LPI is recommended for early identification of at risk infants, 
early treatment, and improved outcome.(72) Due to unspecific 
simptomatology and immunological characteristics, LPI are 
frequently evaluated for sepsis and more often exposes to 
antibiotic therapy during the first days of life compared to term 
infants.(15,27)     

Other problems 
 Hepatic and renal functional immaturity may modify 
drugs metabolism and elimination. Hepatic and renal 
dysfunction or failure may occur secondary to severe perinatal 
conditions (birth asphyxia, hypoxic-ischemic encephalopathy, 
respiratory distress syndrome, persistent pulmonary 
hypertension, hypothermia, cholestasis, etc.), complicating the 
clinical development and increasing the mortality risk.(6)   
 Late preterm infants have also an increased risk for 
electrolytic disturbances, mostly hypocalcemia.(2) 
 Readmission during neonatal period is more frequent 
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in LPI compared to term infants due to suspected sepsis, feeding 
difficulties, and intense jaundice.(3,26,27,54,56,59) 

Neonatal mortality risk 
 Infants born late preterm have an increased neonatal 
mortality risk compared to term infants - 1.7-9.1.(15,22,71,73-
76) Association with intrauterine growth restriction increases the 
neonatal mortality rate up 44 times compared to term infants 
with appropriate for gestational age birth weight.(78) Congenital 
malformations and birth from a multiple pregnancy are also risk 
factors for increased neonatal mortality.(20,52) Same as 
neonatal morbidity, neonatal mortality of LPI increased with 
decreased GA.(15)  

Long term outcome 
 The most worrisome aspect related to late preterm 
delivery for the long term outcome is the immaturity of the 
central nervous system. Exposure to extrauterine life in a 
moment of rapid and complex brain development is not without 
risks, as studies in the latest years have shown. On long term, 
compared to term infant, LPI has an increased risk for delayed 
general growth and development (lower weight and height in the 
first two years of life) (26,41,78), often associated with 
increased metabolic risks into adulthood: hyperglycemia, 
abnormal lipidic prophile, arterial hypertension.(26,79) 
 Many studies have reported increased rates of 
neurological and cognitive deficits and conditions: cerebral 
palsy, seizures, mental retardation, lower academic 
performances, neurocognitive functioning deficiencies, reading 
and speech difficulties.(6,31,41,78,80) As in smaller preterm 
infants, the incidence of neurodevelopmental effects is increased 
as GA is decreasing.(41,78) Neurosensorial deficits (hearing and 
ophthalmologic) are often reported with rates similar to those of 
30-33 weeks gestation preterm infants.(26,41,78,81) Infants 
born late preterm are also at increased risk for behavior and 
psychiatric conditions: internalization and attention deficits, 
attention deficit - hyperactive disorder (ADHD), autism 
spectrum disorders, emotional problems, social difficulties 
(26,41,78,79,82,83), schizophrenia.(78,83) Social and financial 
difficulties reported in LPI are related to lower academic 
performances, lower social positions and incomes.(78)        
 Perinatal complications and delayed growth and 
development of LPI are incriminated for the increased risk of 
medical conditions in childhood: respiratory infections, asthma, 
and diabetes.(20,41,78,83,84)  
 Studies are also reporting that the increased risk for 
mortality persists after the neonatal period.(84) A meta-analysis 
found the LPI have a 5.9 fold increased risk for mortality during 
the first year of life compared to term infants.(31) 
 

CONCLUSIONS 
 Obstetricians, neonatologists, and pediatricians must 
inform parents about the increased vulnerability, short and long 
term morbidity and mortality risks associated with late preterm 
delivery. Also, compliance to experts’ recommendation to avoid 
elective delivery before 39 weeks gestation in well-dated 
pregnancies is expected to reduce the rate of late preterm 
births.(20,85) Revision of protocols regarding pregnancies at 
risk for preterm delivery and continuous improvement of the 
management of these pregnancies is also expected to decrease 
the number of LPI. Extended prophylactic corticosteroid 
administration beyond 34 weeks gestation as well as tocolysis 
for preterm labor (whenever feasible) may help to decrease the 
incidence and severity of respiratory distress syndrome, the most 
frequent and severe complication of prematurity. Prompt 
recognition and treatment of conditions associated with late 
prematurity may prevent short and long term complications. 
Safe discharge from maternity hospital, preferably no sooner 

than 48 hours after delivery for LPI without complications may 
prevent readmissions. Collaboration with family physician is 
mandatory due to high rates of feeding difficulties, prolonged 
jaundice, and increased risk for infections in LPI. Also, a careful 
monitoring of growth, development, and neurological 
development may identify in time long term complications of 
late preterm birth, allowing early intervention and improved 
outcome. 
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