
Il programma di Follow-up e l’Outcome
del neonato con asfissia perinatale
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Hypoxic-Ischaemic Encephalopathy (HIE)

• 1-6/1000 live full-term births
• 10-60% mortality in the moderate-severe 

encephalopathy
• 25% permanent neurological sequelae:

 Cerebral palsy
 Cognitive deficits
 Epilepsy
 Central visual deficits
 Hearing neuropathy
 Neuropsycological pathology

2007

Department of Medical and Surgical Neonatology
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HIE newborns treated with hypothermia: 
DNMC-OPBG 2010-2018

Department of Medical and Surgical Neonatology
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HIE newborns treated with hypothermia: 
DNMC-OPBG 2010-2018

Mortality Rate: 4.6% (6/130)
4 early exit (pulmonary hypertension or 

intractable discoagulopathy)

Follow-Up (FU) program since 2013

Department of Medical and Surgical Neonatology
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Who needs FU?
 Preterm infants
 Small for gestational age (SGA)
 Congenital brain or heart malformations, genetic

syndromes or inborn errors of metabolism
 Infants requiring major surgery
 Neonatal infections
 Hypoxic-Ischaemic Encephalopathy (HIE)

Department of Medical and Surgical Neonatology

immacolata.savarese@opbg.net
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Goals of FU program:

 To detect early neurodevelopmental delay in order to 

promote/apply appropriate interventions

 To provide ongoing support to vulnerable children and their

families after discharge

 To warrant and improve long-term outcome of high-

risk infants

Why do they need follow-up?

immacolata.savarese@opbg.net
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Cardiological

Auxological

Neurophysiological

Neurodevelopmental

Neuromotor
Nephrological

Respiratory
Neuroimaging

Behavioral
development Quality of life

Which outcome to follow?
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FU PROGRAM 
Department of Medical and Surgical Neonatology
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FU DNMC OPBG
2013 - 2017

 Mortality Rate: 3,9% (3/77)

 16,2 % (12/74) patients lost during FU              

Department of Medical and Surgical Neonatology

immacolata.savarese@opbg.net

77 
newborns

* 1° year of age - Neonatal FU

* From the 2° year of age:
• Adverse outcome - Neurology Departement + Neonatology FU
• Normal outcome - Neonatology FU + Clinical Psychology Unit

62 
infants
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TIMEPOINT

Department of Medical and Surgical Neonatology

OUTCOME 3 months 6 months 9 months 12 months

Auxological + + + +

Laboratory test on 
blood and urine + +

Neuromotor + FKT + +

Neurodevelopmental* + +

Cerebral US +

EEG (+)

MRI (+) +

Renal US + +

Nephrological + +

Oculistic +

Cardiac +

immacolata.savarese@opbg.net*Bayley scales III
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Auxological Outcome in HIE 
infants treated with hypothermia at 1 year

Weight and Lenght in normal range

 Head Circumference <2SD in 7/62 (11,3%)

immacolata.savarese@opbg.net
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Neurological and 
Neurodevelopmental Outcome

Department of Medical and Surgical Neonatology

Neurological outcome N (%)

Normal 48/62 (77,4%)

Mild delay 7/62 (11,3%) 

Cerebral Palsy (PC) 6/62 (9,6%)

Hearing impairment 2/62 (3,2%)

Visual impairment 2/62 (3,2%)

Congenital myopathy 1/62 (1,6%)

immacolata.savarese@opbg.net
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Department of Medical and Surgical Neonatology

Bayley-Scales of Infant and Toddler
Development III 

Am J perinatol 2018

immacolata.savarese@opbg.net
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Department of Medical and Surgical Neonatology

Bayley-Scales III 

immacolata.savarese@opbg.net

* M.F. Coletti – Clinical Psychology Unit-
Departement of Neurosciences and 
Neurorehabilitation (DNN) 

(mean)

Bayley III composite scores 

100 ± 15                                                   Mean

<85 (>1 SD below the mean)                      Mild to  
moderate delay

<70 (>2 SD below the mean)            Significant delay
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Barkovich MRI score
0 no abnormalities in the basal ganglia or cortex
1 an abnormal signal in the basal ganglia or thalamus
2 an abnormal signal in the cortex
3 an abnormal signal in the cortex and basal nuclei

(basal ganglia or thalami)
4 an abnormal signal in the entire cortex and basal nuclei

Department of Medical and Surgical Neonatology

immacolata.savarese@opbg.net
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Outcome and neonatal MRI

within 10 days of age:
 All CP (6/6) have a pathological MRI
 4/7 infants with mild delay have a 

pathological MRI
 3/7 infants with mild delay have a normal

MRI
 2/48 infants with normal outcome have a 

pathological MRI

Department of Medical and Surgical Neonatology

immacolata.savarese@opbg.net
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Outcome and MRI at FU
PATIENTS

N° 24
NEONATAL MRI 12 MONTHS 

MRI
14 NORMAL NORMAL

1 NORMAL Cerebellar
neoformation

4 PATHOLOGICAL NORMAL

5* PATHOLOGICAL PATHOLOGICAL

*4 CP, 1 NEUROFIBROMATOSIS  TYPE 1

Department of Medical and Surgical Neonatology

TOT 24

immacolata.savarese@opbg.netimmacolata.savarese@opbg.net
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ADC                                  DWI                                          T2

AT 1 YEAR

GLIOTIC SEQUELAE IN PUTAMEN 
AND THALAMUS

NEONATAL MRI

GLOBUS PALLIDUS AND 
CORPUS  CALLOSUM 
ALTERATIONS

* D.Longo – Neuroradiology Unit 
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NEONATAL MRI

SPLENIAL OF THE 
CORPUS 
CALLOSUM 
LESIONS

AT 6 MONTHS
NORMAL MRI

immacolata.savarese@opbg.netimmacolata.savarese@opbg.net

* D.Longo – Neuroradiology Unit 
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SEVERE 
ASPHYXIA

EXTENSIVE 
INVOLVEMENT 
OF CORTEX, 
THALAMI AND 
BASAL 
GANGLIA  

DWI                                 ADC                                          T2

immacolata.savarese@opbg.net
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116 neonati trattati con ipotermia
6 deceduti
6 persi al FU

28 falde ematiche (12 applicazioni ventosa)
Tra i sopravvissuti 4 early exit per ipertensione polmonare o discoagulopatia intrattabile

Department of Medical and Surgical Neonatology
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Hemorrhagic lesions at DNMC

 33,8% (25/74) newborn with hemorrhagic
lesions

 36% (9/25) patients born from distocian
delivery (vacuum-assisted birth)

 80% (20/25) no brain injury at neonatal MRI
 12% (3/25) patients lost at FU
 68,2% (15/22) normal outcome at 12 months
 1 CP

Department of Medical and Surgical Neonatology
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Hemorrhagic lesions at DNMC

 Infants are followed by serial ultrasound
controls, agree with neurosurgeons
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At 1 year•Lieve emorragia tentorio  6 ggNeonatal MRI
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Seizures and outcome

Department of Medical and Surgical Neonatology
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Seizures and outcome

Department of Medical and Surgical Neonatology

20/62 (32,2%)  during
hypothermic treatment

10/20 (50%) 
normal outcome

6/20 (30%)
PC

1Neurofibromatosis 
Type 1

2/20 (10%) 
Mild delay

Seizures at FU

immacolata.savarese@opbg.net
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Nephrological FU

At 3th and 9th month:
 Nephrological evaluation
 Blood pressure measurement
 Monitoring of renal function on blood and urine
 Assessment of renal dimension, by renal US

immacolata.savarese@opbg.net

Renal hypoplasia

Hypertension,
Chronic renal failure

Department of Medical and Surgical Neonatology
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FU del bambino a Rischio di Sviluppo

• Auriti Cinzia
• Braguglia Annabella
• Calzolari Flaminia
• Campi Francesca
• De Marchis Chiara
• Monaco Francesca
• Piersigilli Fiammetta
• Rechichi Jole
• Savarese Imma
• Savignoni Ferdinando

• Aite Lucia
• Bevilacqua Francesca
• Bucci Silvia
• Coletti Maria Franca

• Santi Roberta
• Stabile Tina
• Nicastro Marina
• Fierro Stefania
• D’Astore Michela

• Conforti Andrea
• Fusaro Fabio
• Iacobelli Barbara Daniela
• Iacusso Chiara
• Morini Francesco
• Totonelli Giorgia
• Valfrè Laura

• Calzolari Flaminia
• Columbo Claudia
• Landolfo Francesca
• Savignoni Ferdinando

Neonatologi

Psicologhe

Infermiere

Chirurghi 
Neonatali

Spirometria

CONCLUSIONI

immacolata.savarese@opbg.net

Department of Medical and Surgical Neonatology
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Take Home Messages
• Therapeutic Hypothermia improves Outcome of infants

with perinatal asphyxia

• Clinical Recommendations:
 Early physioterapic evaluation and intervention
 Multidisciplinary and Long-term FU
 Nefrological FU to detect hypertension and chronic renal failure

• Multicentre Collaborations with clinical trials and disease
registries

• More Researchs are needed on the long-term effects of
Hypothermia

Department of Medical and Surgical Neonatology

immacolata.savarese@opbg.net
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“The shared long-term goal for families and 
professionals is to work toward ensuring that high 
risk children maximize their potential and become 

productive and valued members of society”
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