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Summary. Late preterm infants (born between 34+0 and 36+6 weeks gestation) account for the recent striking 
increase in premature birth and they carry a higher vulnerability to suffer brain insults compared to term in-
fants. These babies can develop any kind of known brain lesions including those affecting the most premature 
babies (i.e.an intraventricular haemorrhage) and lesions affecting more typically term babies like asphyxia and 
stroke. In other words there is not a specific brain lesion characterizing this gestational age group, and there is 
not a specific maturational landmark although “subplate neurons” are suppose to ultimate their connectivity in 
this period and the cortical volume is significantly increasing. In addition we should not forget the possibility 
that “late preterm babies” may present neurological clinical impairments in the absence of recognized mor-
phological brain lesions even with the use of highly sophisticated MR imaging techniques. For these reasons 
a wider use of more sophisticated neuro radiological studies is not sufficient to better understand why some 
studies highlight that the risk of developmental delay or disability can reach 36% higher among late preterm 
infants compared with term infants. We believe we should improve also our skills to identify even those very 
subtle clinical signs of impairment deserving further investigations although we often admit these babies in 
the normal post natal nurseries where clinical observation cannot be so appropriate. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Late preterm infants (defined as babies born be-
tween 34+0 and 36+6 weeks gestation) have been grouped 
together only because they are the most represented 
premature infants (about 72% of preterm births) in the 
developed countries, reaching 7-8% of total live-births, 
and they account for the striking increase in premature 
birth which occurred in the last two decades (1). There 
is not a peculiar common pathway to develop certain 
disease characterizing this peculiar gestational age 
group, especially for cerebral lesions as between 34 and 
36 weeks of gestation there is a continuum between 
the most important prematurity and what we intend 
for term babies. 

The higher vulnerability of late preterm infants to 
develop diseases in the early neonatal period, compared 
to term babies, is well known. Mortality rate shows a 
3-fold increase compared to term born controls and 

morbidity rates approximately doubles for each ad-
ditional gestational week earlier than 38 weeks (1). 
Short term morbidities of  late preterm infants include 
temperature instability, respiratory distress syndrome, 
excessive weight loss and dehydration requiring intra-
venous infusion, sepsis, hypoglycemia and jaundice re-
quiring phototherapy (2).

Cerebral Magnetic Resonance Imaging (MRI) 
studies have documented morphological maturational 
processes such as myelination, cortical folding and pro-
gressive involution of germinal matrix (3,4), together 
with changes in specific functions like visual perfor-
mances (5,6). There is not another gestational age so 
arbitrary gathered as there is not a specific landmark of 
an achieved maturation but only an amalgam of disap-
pearing processes (i.e., involution of  the germinal ma-
trix) and maturing one (i.e., myelination) (3,4). One 
of most characteristic developmental neurological pro-
cess of this period is perhaps the ultimate maturation 
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of “subplate neurons” making neuronal connections 
although cannot be associated to any specific brain le-
sion in case this process is altered (7). 

Cortical volume in the late preterm infant is only 
53% of the term volume, with approximately half the 
volume being attained in the last 6 weeks of gesta-
tion. In addition, myelinated white matter is present 
in minimal quantities in an extremely preterm infant, 
but increases dramatically as term approaches, with a 
5-fold volume increase between 35 and 41 weeks (8). 
Vulnerability of specific neuronal populations in the 
late preterm is due to multiple factors but, like white 
matter vulnerability in the early-preterm brain, exci-
totoxicity and oxidative stress may play a significant 
role in late-preterm injury. For example, at that stage 
there is an over-expression of glutamate receptors in 
regions like the basal ganglia (9). Those receptors are 
necessary for long-term potentiation and connectiv-
ity, but after an insult, their activity can lead to the 
production of nitrogen and oxygen free radicals that 
can injure nearby cells. Basal ganglia and thalami are 
also recognized as metabolically active zones with in-
creased energy requirements which contribute to their 
particular vulnerability to acute hypoxic insults.

For these reasons late preterm babies are exposed 
to a wider spectrum of brain lesions common to both 
most premature and more mature babies as they can 
develop not only germinal matrix-intraventricular 
haemorrhage (GMH-IVH) and cystic periventricu-
lar leukomalacia (cPVL) (10) but also arterial/venous 
stroke (11,12), hypoxic-ischemic encephalopathy 
(HIE) (13), and those parenchymal injuries following 
hypoglycaemia. The adding problem is the paucity of 
the related clinical symptoms compared to more term 
babies therefore these lesions can remain undiagnosed 
until later in childhood, and may contribute to explain 
the increased risk of impaired neurobehavioral out-
come reported in the literature.

The wide range of cerebral lesions affecting “late 
preterm babies”

The peculiar contradiction of the highly unspe-
cific brain vulnerability of  babies born between 34 
and 36 weeks + 6 days make possible for these babies 

to develop any kind of known brain lesions including 
those affecting the most premature babies (i.e.an in-
traventricular haemorrhage) and lesions affecting more 
typically term babies like asphyxia and stroke (14). In 
addition, you can have a variable number of different 
cerebral lesions affecting the same baby at the same 
time. A very indicative lesion of this multipotential 
brain vulnerability is showed in case of venous throm-
bosis (15). A very late appearance of a mild intraven-
tricular haemorrhage together with periventricular 
white  matter changes is very suspsicious for a venous 
thrombosis of the deep venous system. At 34 wks’GA 
is still possible to have an intraventricular bleed from 
the remaining germinal matrix at the caudo-thalami 
notch and white matter bilateral lesions due to in-
volvement of the medullary veins mimicking a PVL 
lesions (15,16,17). This process can be triggered by 
the increased venous pressure occuring during throm-
bosis of the deep venous system (i.e, internal cerebral 
vein,vein of galen or straight sinus) (15,16).      

Periventricular leukomalacia

Although the incidence of the most severe cystic 
forms of PVL has dramatically decreased in very low 
birth weight babies it is our impression that some un-
expected and clinically very subtle forms of PVL are 
still possible in less premature, like the “late preterm 
babies”. We believe these are those forms potentially 
linked to chorioamnionitis, a condition very likely to 
have been over emphasized in the pathogenesis of the 
almost disappeared PVL (10). Other milder form of 
PVL,  usually referred to as ‘‘punctate lesions’’, pre-
dominately linearly organized and bordering the lat-
eral ventricles are likely to be present in late preterm 
babies although good epidemiological studies are lack-
ing in this field (18). 

Arterial stroke

In most cases, like for arterial stroke affecting 
term babies, arterial stroke results from placental em-
boli passing through the patent foramen ovale into the 
aorta, where the branching of the left common carotid 
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offers the easiest anatomical path. The left middle cer-
ebral artery, in fact, is the most commonly involved 
vessel. Injury usually involves both the white matter 
and the cortex, with the posterior white matter being 
involved more frequently than the anterior regions 
(11,12,19). These injuries also affect the brain of pre-
mature babies of gestational age above 32 weeks with 
a similar pattern of lesions involving major branches 
of arteries, while involvement of the smaller lenticulo-
striate branches seems to be more common in preterm 
infants with GA of 28–32 weeks. It remains difficult to 
identify a specific pathogenesis for arterial infarctions 
in the minor arterial branches. These younger babies 
are most often the ones receiving intensive care, and 
small air bubbles which might pass through the heart 
via the foramen ovale after insertion of an umbilical ve-
nous catheter have been reported as a potential patho-
genetic mechanism (19). However, only twin-to-twin 
transfusion syndrome, foetal heart rate abnormality 
and hypoglycaemia have been found to be significant 
and independent risk factors for developing arterial 
infarctions in the entire population of preterm babies 
(20,21). No maternal risk factors have been identified. 
With regard to neurodevelopmental outcome, infants 
with a main branch arterial infarction are at greater 
risk of motor/cognitive impairment compared to those 
with lenticulostriate branches. Preterm compared to 
term babies have more language problems at 2 years of 
post-conceptional age (20,21).

Asphyxia

Studies of hypoxic-ischaemic encephalopathy 
(HIE) in late preterm infants demonstrate that in this 
category hypoxic insult mainly affects the grey matter, 
but the sites may differ compared to the  more mature 
term brain. Basal ganglia are most frequently involved, 
particularly the ventro-lateral thalami and posterior 
putamen, as occurs in term babies (13). Late preterm 
infants are more likely to show brainstem lesions com-
pared to term infants, indicating an increased sus-
ceptibility of the brain stem at these slightly younger 
gestational ages. Less frequently, injury may also oc-
cur to the hippocampus, the cerebral cortex and the 
subcortical white matter, particularly the perirolandic 

region. It is interesting to note that the late preterm in-
fant does not often show cortical abnormalities around 
the central sulcus, which is, on the contrary, a frequent 
finding in-term infants. It is likely that this region be-
comes more vulnerable at term due to its active my-
elination during the very last weeks of gestation (13). 
This observation confirms that the metabolic demands 
of myelination may compound the increased vulner-
ability of cortical neurons and brainstem, respectively, 
at more and less mature gestational ages. Ischaemic le-
sions of the basal ganglia and thalami are associated 
with cerebral palsy and cognitive impairment. In the 
case of a severe insult, these lesions can be accompa-
nied by abnormalities in specific cortical regions and 
in the adjacent subcortical white matter, exacerbating 
the cognitive deficit. Coexisting abnormal MRI signal 
intensity in the posterior limb of the internal capsule 
is a powerful predictor of motor outcome severity (13).

Cerebral palsy in late preterm and intrauterine 
growth retardation 

Two thirds of cerebral palsy arises in the 97% of 
singletons born at or after 35 weeks of gestation (22). 
The current impression is that the prevalence of cer-
ebral palsy in these relatively mature neonates, unlike 
that of survivors of very preterm birth, has not fallen 
in recent decades. In very recent and convincing stud-
ies in which the contribution of potentially asphyxial 
birth events, inflammation, fetal growth restriction, 
and birth defects recognized by age 6 years to each of 
these outcomes was evaluated it emerged that foetal 
growth restriction and birth defects recognized by age 
6 years were more substantial contributors to cerebral 
palsy and neonatal death than potentially asphyxial 
birth events and inflammation (22).  

The long-term neurological impairment frequent-
ly seen in children who showed intrauterine growth re-
tardation (IUGR) cannot be attributed to the presence 
of overt brain lesions (23). Conventional MR imaging 
has failed to show even more subtle lesions in IUGR 
babies, while the number of DTI studies are booming 
in the search for a common pattern of developmen-
tal abnormality. Whatever sophisticated neurological 
techniques may be used to study brain development, 
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the risk of brain damage in IUGR neonates could re-
flect both the liabilities of intrauterine compromise 
and, in minor entity, the penalties of prematurity. In 
addition, the exact pathogenetic meaning of ‘‘brain 
sparing’’, which is not always a guarantee of the full 
protection of brain development during intrauterine 
life, needs to be better understood, as in our experience 
this was associated to an impairment of myelination 
(24).

Conclusion

An exact knowledge of the specific contribution 
of each risk factor for brain vulnerability of late pre-
term babies is far from being understood as large stud-
ies with epidemiological insights are very difficult to 
be performed.  It is likely that gestational ages at birth 
with occurrence of neonatal  comorbidities are the 
most important risk factors for detecting brain lesions 
in late preterm population especially in those born at 
34 weeks more than at 36 weeks of gestation (25). 

In addition to difficulties in diagnosing minor 
brain lesions and correlating these to specific minor 
neurological impairment we should not forget the 
possibility that “late preterm babies”  may present neu-
rological clinical impairments in the absence of rec-
ognized morphological lesions even with use of MRI 
imaging (25). The problem is further compounded 
by the fact that we are less aware of the pathogenetic 
mechanisms causing neurological impairments in late 
preterm babies since we can only postulate the likely 
areas of vulnerability that would seem to be subcorti-
cally located, and that particularly affect the subplate 
neurons.

Understanding early human brain development 
is of great clinical importance, as many neurological 
and neurobehavioral disorders have their origin in 
early structural and functional cerebral  organization 
and maturation. Technological advances in neonatal 
brain imaging are progressively  giving more insights 
for the understanding of disorders of neonatal  brain. 
In these population of preterm babies the need for al-
ways more sophisticated neuro radiological studies has 
to be accompanied by improved skills in identifying 
even those very subtle clinical signs of impairment 

deserving further investigations. In this way we may 
hope to better understand why some studies highlight 
that the risk of developmental delay or disability was 
36% higher among late preterm infants compared with 
term infants (26). 

References 

  1. �Shapiro-Mendoza CK, Lackritz EM. Epidemiology of late 
and moderate preterm birth. Semin Fetal Neonatal Med 
2012 Jun; 17(3): 120-5. 

  2. �Wang ML, Dorer DJ, Fleming MP, Catlin EA. Clinical 
outcomes of near-term infants. Pediatrics 2004 Aug; 114(2): 
372-6. 

  3. �Childs AM, Ramenghi LA, Evans DJ, Ridgeway J, Saysell 
M, Martinez D, et al. MR features of developing periven-
tricular white matter in preterm infants: evidence of glial 
cell migration. AJNR Am J Neuroradiol 1998 May; 19(5): 
971-6.

  4. �Cerebral maturation in premature infants: quantitative as-
sessment using MR imaging. Childs AM, Ramenghi LA, 
Cornette L, Tanner SF, Arthur RJ, Martinez D, Levene MI. 
AJNR Am J Neuroradiol 2001 Sep; 22(8): 1577-82

  5. �Ricci D, Cesarini L, Romeo DM, Gallini F, Serrao F, Grop-
po M, De Carli A, Cota F, Lepore D, Molle F, Ratiglia R, 
De Carolis MP, Mosca F, Romagnoli C, Guzzetta F, Cowan 
F, Ramenghi LA, Mercuri E. Visual function at 35 and 40 
weeks’ postmenstrual age in low-risk preterm infants.Pedi-
atrics. 2008 Dec; 122(6): e1193-8.

  6. �Ramenghi LA, Ricci D, Mercuri E, Groppo M, De Carli A, 
Ometto A, Fumagalli M, Bassi L, Pisoni S, Cioni G, Mosca 
F. Visual performance and brain structures in the develop-
ing brain of pre-term infants.Early Hum Dev. 2010 Jul; 86 
Suppl 1: 73-5.

  7. �Judaš M, Sedmak G, Kostović I. The significance of the 
subplate for evolution and developmental plasticity of the 
human brain.Front Hum Neurosci. 2013 Aug 2; 7: 423. 

  8. �Huppi PS, Schuknecht B, Boesch C, et al. Structural and 
neurobehavioral delay in postnatal brain development of 
preterm infants. Pediatr Res 1996; 39: 895-901. 

  9. �Huppi PS, Schuknecht B, Boesch C, et al. Structural and 
neurobehavioral delay in postnatal brain development of 
preterm infants. Pediatr Res 1996; 39: 895-901. 

10. �Kinney HC. The near-term (late preterm) human brain and 
risk for periventricular leukomalacia: a review. Semin Peri-
natol 2006 Apr; 30(2): 81-8. Review. 

11. �Rutherford MA, Ramenghi LA, Cowan FM. Neonatal 
stroke. Arch Dis Child Fetal Neonatal Ed 2012; 97: F377-
84.

12. �Govaert P, Ramenghi L, Taal R, et al. Diagnosis of perinatal 
stroke II: mechanisms and clinical phenotypes. Acta Paedi-
atr 2009; 98: 1720-6.

13. �Logitharajah P, Rutherford MA, Cowan FM. Hypoxic-
ischemic encephalopathy in preterm infants: antecedent 



L.A. Ramenghi40

factors, brain imaging and outcome. Pediatr Res 2009; 66: 
222-9. 

14. �Different gestational ages and changing vulnerability of the 
premature brain. Sannia A, Natalizia AR, Parodi A, Malova 
M, Fumagalli M, Rossi A, Ramenghi LA. J Matern Fetal 
Neonatal Med. 2013 Aug 23.

15. �Cerebral venous thrombosis, intraventricular haemorrhage 
and white matter lesions in a preterm newborn with factor 
V (Leiden) mutation. Ramenghi LA, Gill BJ, Tanner SF, 
Martinez D, Arthur R, Levene MI. Neuropediatrics. 2002 
Apr; 33(2): 97-9.

16. �Ramenghi LA, Govaert P, Fumagalli M, et al. Neonatal 
cerebral sinovenous thrombosis. Semin Fetal Neonatal Med 
2009; 14.

17. �Arrigoni F, Parazzini C, Righini A, et al. Deep medullary 
vein involvement in neonates with brain damage: an MR 
imaging study Am J Neuroradiol. 2011 Dec; 32(11): 2030-6.

18. �Cornette LG, Tanner SF, Ramenghi LA, Miall LS, Childs 
AM, Arthur RJ, Martinez D, Levene MI. Magnetic reso-
nance imaging of the infant brain: anatomical characteris-
tics and clinical significance of punctate lesions Arch Dis 
Child Fetal Neonatal Ed. 2002 May; 86(3): F171-7.

19. �Govaert P, Ramenghi L, Taal R, et al. Diagnosis of perinatal 
stroke I: definitions, differential diagnosis and registration. 
Acta Paediatr 2009; 98: 1556-67.

20. �Benders MJ, Groenendaal F, Uiterwaal CS, et al. Maternal 
and infant characteristics associated with perinatal arterial 
stroke in the preterm infant. Stroke 2007; 38: 1759-65.

21. �Benders MJ, Groenendaal F, de Vries LS. Preterm arterial 
ischemic stroke. Semin Fetal Neonatal Med 2009; 14: 272-
7.

22. �McIntyre S, Blair E, Badawi N, Keogh, Nelson, KB. An-
tecedents of Cerebral Palsy and Perinatal Death in Term 
and Late Preterm Singletons. Obstet Gynecol 2013; 122: 
869-77. 

23. �Walker DM, Marlow N. Neurocognitive outcome following 
fetal growth restriction. Arch Dis Child Fetal Neonatal Ed. 
2008 Jul; 93(4): F322-5. 

24. �Ramenghi LA, Martinelli A, De Carli A et al. Cerebral 
maturation in IUGR and appropriate for gestational age 
preterm babies. Reprod Sci 2011; 18: 469-75.

25. �Sannia A, Natalizia AR, Parodi A, Malova M, Fumagalli M, 
Rossi A, et al. Different gestational ages and changing vul-
nerability of the premature brain. J Matern Fetal Neonatal 
Med 2013 Aug 23.(Epub ahead of print).

26. �Morse SB, Zheng H, Tang Y, Roth J. Early school-age out-
comes of late preterm infants. Pediatrics 2009; 123: e622-9.

Correspondance:
Luca Romenghi, MD
Terapia Intensiva Neonatale
Istituto Giannina Gaslini IRCCS
Genova, Italy
E-mail: patologianeonatale@ospedale-gaslini.ge.it


