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INSULTO DANNO LESIONE
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Pediatrics,
52:513, 1973

R. D. G. MILNER
Department of Child Health,
University of Manchester, 
St. Mary's Hospital, Manchester 13 OJH.



There is no doubt that severe, 
persistent hypoglycaemia can 

cause seizures and brain injury in 
newborns 

JaneHarding et al. An emerging evidence base for the management of neonatal 
hypoglycaemia Early Human Develop 2017



35 wks, US at 48 hrs
1 hour after severe apnea 
Severe hypoglycaemia

No clear fits but " hypotonic and later flat"
Resuscitated , abnormal EEG

(4 mg / dl !!)

Mangiagalli (Milan) data



MR 2 hrs after
Hypoglycaemia 

Conventional
Axial T1 MR DWI

ADC
map



Axial T1 DWI

After one week …. Still DWI anomaly, more obvious
T1 weighted starts to be abnormal

Policitemia
Ipoglicemia



T 2
at day 5

ADC map
at day 5 

T 2
After 5 wks ADC map

After 5 wks

•Movimenti non coniugati
•↓ campi visivi a destra

• iperfissazione Ricci et,  “Early assessment of visual 

function in full term newborns”, 2007 



The topography of the brain lesions 
depended on age: from the neonatal period 
to 6 months of age, lesions predominantly 
involved the posterior whitematter; 
between 6 and 22 months the basal 
ganglia, and after 22 months the 
parietotemporal cortex (p=0.04).

Developmental Medicine & Child Neurology 2012



Some patients 
have a limited 

injury…

…Others have a 
more extensive 

damage with high risk 
of neurological and 
visual sequelae…



PEDIATRICS 2008



PEDIATRICS 2008

Diffusion-weighted imaging studies performed within 6 days
after initial hypoglycemia were sensitive in term but not
preterm neonates. Diffusion restriction, with low apparent
diffusion coefficient values, in the mesial occipital poles may
indicate the prognosis for visual outcomes in acute settings after
neonatal hypoglycemia

cortical visual loss was documented for 6 (33%) of 18 infants
with hypoglycemia measured on 2 days. No infants with
hypoglycemia documented on a single day showed long-term
visual loss.



Current evidence suggests that severe and prolonged NH can 
be associated with injury of brain areas involved in visual 
processing, although the effect of these injuries on later visual 
function is currently unclear. This may in part be due to the 
difficulty of testing vision in young children. Furthermore, the 
fact that NH is frequently accompanied by co-morbid 
conditions that can also impair neurological function 
complicates interpretation of the case-series and case-review 
studies that constitute much of the current literature. 



Nine developing focal occipital epilepsy and two developing a 
Lennox-Gastaut syndrome. Seizure outcome was favourable in 
later childhood or adolescence in six out of nine children with 
occipital epilepsy, but in neither of the two children with 
generalized epilepsy

Variable outcome for epilepsy after neonatal hypoglycaemia
CHOONG YI FONG, A SIMON HARVEY DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY  2014



Many children with neonatal hypoglycaemia mild, focal epilepsy that 
may be ultimately age-limited, a point which has implications for 
counselling parents, choosing antiepileptic medications, and avoiding 
epilepsy surgery.

Nine developing focal occipital epilepsy and two developing a 
Lennox-Gastaut syndrome. Seizure outcome was favourable in 
later childhood or adolescence in six out of nine children with 
occipital epilepsy, but in neither of the two children with 
generalized epilepsy

Variable outcome for epilepsy after neonatal hypoglycaemia
CHOONG YI FONG, A SIMON HARVEY DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY  2014



Neural circuits exist which sense declining glucose levels and restore 
euglycemia

When glucose levels fall below 80 mg/dl a sequential hormonal
response is initiated to restore euglycemia

Hypoglycemia awareness promotes behavioral responses such as 
feeding or glucose administration

HYPOGLYCEMIA  
AWARENESS IN ADULTS

Zhou C. Frontiers in Physiology 2018

HYPOGLYCEMIA AWARENESS 

Neurogenic (e.g., palpitations, sweating) followed by

neuroglycopenic (tired/drowsy, difficulty thinking) symptoms



Clinically defined syndrome of disturbed neurologic
function in the earliest days of life in an infant born at or
beyond 35 weeks of gestation, manifested by a
subnormal level of consciousness or seizures, and often
accompanied by difficulty with initiating and
maintaining respiration and depression of tone and
reflexes.

Neonatal Encephalopathy

PEDIATRICS Volume 133, Number 5, May 2014



Neonatal Encephalopathy

Asphyxia





Fig. 2 Linear regression analysis shows the 
correlation between Apgar score and the 
blood glucose level in asphyxiated babies. 
r=0.740, P<0.001

Fig. 3 Linear regression analysis shows the 
correlation between hypoxic ischemic 
encephalopathy (HIE) stages and the blood glucose 
level in asphyxiated babies. r=−0.875, P<0.001

Contribution of the blood glucose level in 
perinatal asphyxia. Basu P. Et al. Eur J Pediatr (2009) 168:833–838



MRI after cooling (day 5): hypoglycaemia?



Hypoglycaemia + asphyxia

Day 21

Wong DS, AJNR 2013



Clinically defined syndrome of disturbed neurologic
function in the earliest days of life in an infant born at or
beyond 35 weeks of gestation, manifested by a
subnormal level of consciousness or seizures, and often
accompanied by difficulty with initiating and
maintaining respiration and depression of tone and
reflexes.

Neonatal Encephalopathy

PEDIATRICS Volume 133, Number 5, May 2014








DWI ADC



T1 T2



DWI ADC



mild encephalitis/
encephalopathy with a reversible splenial lesion (MERS) ?
reversible splenial lesion syndrome (RESLES) ?



Developmental Medicine & Child Neurology © 2013 Mac  



The clinical presentation of newborn infants, diagnosed
with PAIS in the PCA territory, varies and often involves
clinical seizures. Although many newborn infants were
diagnosed with hypoglycaemia, its exact role in the
pathogenesis of PCA stroke requires further investigation.
Despite the overall good long-term neurodevelopmental
outcome, follow-up of these infants is required, as
development of a visual field is frequently observed.

Developmental Medicine & Child Neurology © 2013 Mac  



fits





A 18 mesi 



A 18 mesi 

Lis 1



INSULTO DANNO LESIONE

? ??
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VLBW without risk factors for poor cognitive development 
vs.

VLBW with risk factors (multiple gestation, PROM, BPD, and IVH) 

VLBW with risk 

factors showed an 

asymmetry of 

cortical glucose

metabolism

evaluated with 

PET-TC 
Park JH. Plos One 2017



Glucose metabolism in VLBW infants with PROM, BPD, MG or IVH were 

significantly lower than those in infants without risk factors. 

The decreased glucose metabolism was shown in the lateral parietal and temporal 

lobes, the medial occipital lobes and central region depending on the risk factors.

CORTICAL GLUCOSE METABOLISM 

Park JH. Plos One 2017



Maternal HbA1c levels <6% during pregnancy could 

minimise the risk of cerebral immaturity at birth in these 

infants.

Castro Conde JR Arch Dis Child Fetal Neonatal Ed 2017



Despite more than 50 years of neonatal 
hypoglycaemia research, uncertainty remains 

about which newborns to screen, whether 
transient hypoglycaemia has untoward long 

term effects, and what concentration or range 
of glucose concentration should be used to 
define neonatal hypoglycaemia, as well as 

about management strategies and the 
incidence of transient hypoglycaemia

Jeffrey Kaiser et al. Association between transient newborn hypoglycemia and 
Fourth/Grade Achievement Test Proficiency. Jama Pediatr. 2015



Neonatal hypoglycemia is common and can cause 
neurologic impairment, but evidence supporting 
thresholds for intervention is limited.
Christopher J.D. McKinlay, Ph.D et al.  
Neonatal Glycemia and Neurodevelopmental Outcomes at 2 years. N Engl J Med. 
2015



Eligible infants were those at risk for neonatal hypoglycemia
primarily on the basis of maternal diabetes, preterm birth
(gestational age of <37 weeks), or a birth weight that was
low (<10th percentile or <2500 g) or high (>90th percentile
or >4500 g).

Hypoglycemia, defined as a blood glucose concentration of 
less than 47 mg per deciliter (2.6 mmol per liter), was
treated with any combination of additional feeding, buccal
dextrose gel, and intravenous dextrose to maintain a blood
glucose concentration of at least 47 mg per deciliter

Christopher J.D. McKinlay, Ph.D et al.  
Neonatal Glycemia and Neurodevelopmental Outcomes at 2 years. N Engl J Med. 
2015



RESULTS

we found that with a treatment threshold of 47 mg of glucose
per deciliter, neonatal hypoglycemia was not associated with
adverse neurodevelopmental outcomes at 2 years.

Christopher J.D. McKinlay, Ph.D et al.  
Neonatal Glycemia and Neurodevelopmental Outcomes at 2 years. N Engl J Med. 
2015

a protocol of regular blood glucose monitoring in the first 48
hours after birth and intervention aimed at maintaining a
blood glucose concentration of at least 47 mg per deciliter is
effective in preventing neuronal injury in at-risk term and
late-preterm newborns.



It is important to distinguish between thresholds for
intervention that can be safely applied to all infants and the
lowest glucose concentration at which clinically significant
neuroglycopenia is avoided. It is unlikely that
neuroglycopenia can be defined by a single numerical value,
since the relationships among glycemic exposure, alternative
cerebral fuels, other perinatal stressors, and neuronal function
are complex and may be highly infant-specific.

Christopher J.D. McKinlay, Ph.D et al.  
Neonatal Glycemia and Neurodevelopmental Outcomes at 2 years. N Engl J Med. 
2015



A surprising finding of our study is the association of 
neurosensory impairment, especially cognitive delay, with 
higher glucose concentrations and less glucose stability, 

indicated by a larger proportion of time outside the central 
range of 54 to 72 mg per deciliter in the first 48 hours. 

Of concern that rapid correction of hypoglycemia to higher 
blood glucose concentrations may be associated with a 

poorer outcome  

Christopher J.D. McKinlay, Ph.D et al.  
Neonatal Glycemia and Neurodevelopmental Outcomes at 2 years. N Engl J Med. 
2015



Gabriela Languren et al. Neuronal damage and cognitive impairment associated 
with hypoglycemia: An integrated view. Neurochemistry International (2013)

Fig. 1. Factors involved in neuronal death associated with severe hypoglycemia and their time-course of occurrence. 
Reactive Oxygen Species (ROS), Poly-(ADP ribose) polymerase-1 (PARP-1), Mitochondrial permeability transition
pore (MPT), Nitric Oxide Synthase (NOX), 3-Nitrotyrosine (3-NT), 4-Hydroxinonenal (4-HNE), Lipid
peroxidation (LPx), Apoptosis Inducing Factor (AIF).



A surprising finding of our study is the association of 
neurosensory impairment, especially cognitive delay, with 
higher glucose concentrations and less glucose stability, 

indicated by a larger proportion of time outside the central 
range of 54 to 72 mg per deciliter in the first 48 hours. 

Of concern that rapid correction of hypoglycemia to higher 
blood glucose concentrations may be associated with a 

poorer outcome  

Christopher J.D. McKinlay, Ph.D et al.  
Neonatal Glycemia and Neurodevelopmental Outcomes at 2 years. N Engl J Med. 
2015



Glucose levels were intermittently or continuously
monitored during 48 hours in a cohort of 60 VPT
infants near hospital discharge. Hypoglycemic (45 mg/dL,
2.5 mmol/L) and hyperglycemic (140 mg/dL or 7.8 mmol/L,
severe if 180 mg/dL or 10mmol/L) episodes were
considered relevant if they lasted longer than 30 minutes.

Africa Pertierra-Cortada et al. Instability of Glucose Values in Very Preterm Babies at Term
Postmenstrual Age. J.Pediatr 2014,

Number of episodes of abnormal glucose per patient

> 7 h

> 5 h





eu - glicemia
neonatale !?



There is now robust evidence that a hyperglycemic intrauterine 
environment is responsible not only for significant short-term morbidity 
in the fetus and the neonate but also for an increased risk of developing 
diabetes as well as other chronic,  noncommunicable diseases at 
adulthood

In the 1980s, David Barker and Colleagues 
proposed  that the major causes of 
cardiovascular and metabolic diseases 
have their roots in early development

Mitanchez et sl . Best Practice & Research Clinical Obstetrics and Gynaecology (2015)
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