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Introduction

Pin TW, Eur J Paediatr Neurol 2009 

Perinatal asphyxia refers to a condition during
labor in which impaired gas exchange leads to 
fetal hypoxemia and hypercarbia.

Accounts for ¼ (23%) of neonatal mortality
worldwide.

The risk of adverse outcomes such as death, 
cerebral palsy, and neurosensory impairment can 
be as high as 50% in perinatal asphyxia.

Perinatal asphyxia



Introduction

Reduction in:
• mortality of NE from 25% to 9% 
• disability from 20% to around 16% 
• reduction in the rate of cerebral palsy. 

Shankaran S, N Engl J Med, 2005
Azzopardi D, N Engl J Med, 2014

Therapeutic hypothermia (HT)



Introduction

Intellectual impairment may persist even in the absence of 
cerebral palsy.

A subset of neonatal encefalopathy (NE) population
(neonates born to chorioamnionitis mothers, preterm, or 
those presenting beyond the therapeutic window of HT), is
less likely to be benefitted. 

HT may worsen the outcome in low and middle-income
countries in the presence of sepsis. 

Lee-Kelland R, Arch Dis Child - Fetal Neonatal 2020
Xiao D, PloS One, 2018
Cardinali DP, Front Synaptic Neurosci 2019 

Therapeutic hypothermia (HT)



Introduction

• Erythropoietin
• Magnesium
• Allopurinol
• Xenon
• Melatonin (MEL)

Adjuvant therapies

Razak A, J Perinat Med, 2019 
Tagin M, J Perinatol 2013 
Chaudhari T, , Cochrane Database Syst. Rev, 2012
Azzopardi D, Lancet Neurol, 2015
Tarocco A, Cell Death Dis, 2019



Introduction

• an indolamine hormone
• synthesized in the pineal gland
• circadian manner in response to the 

photoperiodic information

Melatonin (N-acetyl-5-methoxytryptamine)

• has favorable pharmacokinetics
• safety profile
• ability to cross the blood brain barrier
• widely available
• its diverse pleiotropic properties

One of the most promising
neuroprotective agents for 
NE



Introduction

Mechanism

• Free radical scavenging
• Anti-apoptotic effect
• Anti-inflammatory
• Receptor mediated gene 

regulation

Pang R, Int J Mol Sci 2021 

Melatonin (N-acetyl-5-methoxytryptamine)



Pang R, Int J Mol Sci 2021 

Introduction
Hypoxic Ischemic Encefalopathy: 3 phases of brain injury



Cardinali DP, Front Synaptic Neurosci 2019
Paprocka J, Internet J Endocrinol 2019 

Introduction

MEL, due its multifaceted neuroprotective mechanism, has
the unique potential to:

Limit damage
during latent
phase

Reduce the 
secondary phase
of neuronal death

Attenuates continuing
brain injury, seen in the 
tertiary phase



Introduction: animal studies
Melatonin systematic
review & metanalysis

14 researches
>100 animals

• Reduction in infarct size, 
SMD -2.05 CI 95% (-2.93-
1.16)

• Improved neurobehavioral
outcome SMD -0.86 CI 95% 
(-1.23-0.53)

• Reduction in cell death, SMD 
-0.60 CI 95% (-1.06-0.14)

Neuroprotection was evident as a 
single therapy and combined with 
HT



METHODS: Procedures 

• improved
outcomes in all
MEL doses

• meta-regression
analysis: no 
significant
correlation
between MEL 
dose and effect
size

MEL dose allometrically scaled to human 
equivalent doses (HED) for a 3-kg infant



MEL dose 

Balduini W, J Pineal Res, 2019
Harpsøe NG, Eur J Clin Pharmacol, 2015
Robertson NJ, Neurobiol Dis, 2019 

The dose at which MEL should be used as a neuroprotectant is not
yet known. 

A therapeutic range of 15-30 mg/L within the first hours after HI is
safe and optimal for neuroprotection when MEL is added to HT

This level is achieved with doses of 20-30 mg/kg every 24 h in the 
piglet.



Introduction: animal studies

Significant neuroprotective
efficacy of MEL in term
neonatal models of HI

translation to clinical trials 
in babies with moderate–
severe NE. 



Introduction: clinical trials

J Pak Med Ass, 2018

Fulia, 2011
Small

Underpowered studies
lacking consistent

Neurodevelopmental outcomes
(except in one small study)

five RCTs



Introduction: clinical trials

J Pak Med Ass, 2018

Fulia, 2011

4/5 oral route of administration
with variable doses of: 
q 10 mg every 2 h for 4 doses
q 10 mg/kg daily for 5 days
q 10 mg once only

Pharmacokinetic profiles in all
studies were not reported

q MEL 5 mg/kg for 3 days IV



Introduction: clinical trials

five RCTs
involving 215 
neonates

This SR highlights the clinical knowledge gap in the use of 
melatonin for neuroprotection in NE despite supportive pre-
clinical and animal data. 



Introduction: clinical trials

• composite cognitive score at 18 
months , significantly higher (p < 
0.05) in MEL and HT group. 

• aEEG and MRI No difference

• better normal neurological
examination at 6 months by the 
Denver Development screening test 
(DDST II) in MEL group

• EEG: MEL had fewer seizures
• MRI: less white matter abnormalities

Neurodevelopment impairment



Introduction: clinical trials

J Pak Med Ass, 2018

Fulia, 2011

Death

HT + MEL

Mortality: RR 0.14 (95% CI 0.01–2.45) 

Mortality: RR 0.25 (95% CI 0.03, 1.98)

Mortality: RR 0.35 (95% CI 0.14, 0.90) 

Mortality: RR 1.0 (95% CI 0.07, 14.21) 



Introduction: clinical trials
Death

Meta-analysis of MEL +  HT in NE did not reveal benefit for mortality.



Introduction: clinical trials

However, caution must be exercised in the interpretation of this result.

The MEL neuroprotective effects in neonates is limited. 

Larger, well designed, adequately powered
multicentre clinical trials are urgently needed to define the 
neuroprotective role of MEL in optimizing outcomes of NE



Mithyc trial

Trattamento con melatonina del neonato 
con encefalopatia ipossico-ischemica in 
corso di ipotermia (Mithyc trial): studio 
multicentrico randomizzato controllato in 
doppio cieco

MEL



METHODS: Study design 

MITHYC trial is a double-blind multicentre phase III study

hypothermia for 
72 hours plus 
MEL treatment

Hypothermia

in late preterm and term infants with moderate-to-severe 
HIE



METHODS: Study design 

Principal Investigator
Prof. Carlo Dani

Coordinating center: NICU Careggi



METHODS : Study design 

Setting



• Infants with gestational 
age >35 weeks and birth 
weight >1800 g

• after informed parental 
consent

• if they will have moderate-
to-severe HIE requiring 
therapeutic hypothermia 

METHODS: Study design 

Inclusion criteria



METHODS: Study design 

Ipossia intrapartum

• Apgar score <5 min at 10 minutes 
after birth, either or 

• continued need of resuscitation, or, 
• metabolic acidosis (defined as any 

occurrence of umbilical-cord, arterial, 
or capillary pH <7.00 or BE >12 
mmol/L) within 60 min after birth,



METHODS: Study design 

Sarnat staging system

moderate-to-severe HIE as 
demonstrated by the presence 
of one or more signs in at 
least three of the following 
six categories

HIE



METHODS: Study design 

Azzopardi DV, N Engl J Med, 2009
Simbruner G, Pediatrics 2010

electrophysiological 
findings of moderate-to-
severe HIE for at least 30 
min or seizures with either 
amplitude integrated EEG 
(aEEG) or EEG

aEEG



• major congenital malformation
• chromosomal congenital

defects
• inherited metabolic disorders
• refusal of consent by a parent 

or an attending neonatologist
• cooling will be started after age

of 6 h
• extracorporeal membrane 

oxygen
• moribund infants for whom no 

further aggressive treatment is 
planned. 

METHODS: Study design 

Exclusion criteria



METHODS: Randomization 

Eligible infants will be randomly assigned (1:1)

hypothermia plus 
enteral MEL hypothermia



METHODS: Randomization 

https://www.eclintrials.org/ect/O

Dr. Luca Boni ( director of the Careggi University Hospital 
Clinical Trial Center, bonil@aou-careggi.toscana.it

https://www.eclintrials.org/ect/O
mailto:bonil@aou-careggi.toscana.it


Patient information and treatment groups will be masked
from all participants in the research (ie, parents, nurses, 
and physicians).

METHODS: Randomization 

The appearance of the MEL and placebo vials will
be strictly identical



Infants will receive equal
volumes of either enteral
distilled water

METHODS: Procedures 

Enteral MEL 5 mg/kg/d (daily
weight) for 5 days

1.1 mL/kg/d of MEL 1 ml=4.8 mg, 

TREATED PLACEBO

Dicoson®,Dicofarm
• free from excipient
• provided free of 

charge by the 
manufacturer



• The drug will be infused via 
enteral route through an OG tube. 

• The infusion will start within 6 
hour of life. 

• A feeding pump infused the 
solution at a rate of 1.5 ml/h

• After administration, the tube will 
be flushed with 0.5 mL of sterile 
water to ensure the full delivery of 
MEL. 

METHODS: Procedures 



METHODS: Procedures 



METHODS: Procedures 

Carloni S, Neonatology 2018

MEL reduced OGD- induced cell
death in a concentration-
dependent manner (1–100 μM)

MEL 25 or 50 μM

25 μM=5.7 mg/L
50 μM=11.5 mg/L

+ HT 6 h

full protection



Carloni S, 2017

Preterm newborns
MEL 5 mg/kg for 3 days

C max 7 mg/L

METHODS: Procedures 



METHODS: Procedures 

J Pineal Res 2019

Melatonin preparation was well absorbed enterally
by neonates undergoing HT.

HT does not affect melatonin PK. 



METHODS: Procedures 

• Whole body cooling for 72 h

• Magnetic resonance image (MRI) will be 
performed within 7 to 14 days after birth

brain injury score 

33.5°C



Posterior limb of the 
internal capsule 
(PLIC) score

0=normal, 1=equivocal (reduced 
or asymmetrical 
signal intensity), 

2=loss (reversed or 
abnormal signal 
intensity bilaterally on 
T1 and/or T2 
weighted sequences).

Basal ganglia and 
thalamic (BGT) score

0=normal, 1=mild (focal 
abnormal signal 
intensity), 

2=moderate 
(multifocal abnormal 
signal intensity), 

3=severe (widespread 
abnormal signal 
intensity). 

White matter (WM) 
score

0=normal 1=mild (exaggerated 
long T1 and long T2 in 
periventricular white 
matter only), 

2=moderate (long T1 
and long T2 extending 
out to subcortical 
white matter and /or 
focal punctate lesions 
or focal area of 
infarction), 

3=severe widespread 
abnormalities 
including overt 
infarction, 
haemorrhage, and 
long T1 and long T2. 

Cortical involvement 0=normal 1=mild (1–2 sites 
involved),

2=moderate (3 sites 
involved), 

1=mild (1–2 sites 
involved), 
2=moderate (3 sites 
involved), 3=severe 
(more than 3 sites 
involved). 

Rutherford M, Lancet Neurol 2010

METHODS: Procedures 



METHODS:  Concomitant treatments

Daily clinical care will be performed by attending physicians in 
accordance with the common practices at each center.

• Minimal enteral feeding
• Fluid intake
• NCPAP
• N_IMV
• PTV
• HFV
• Sedative drugs
• Antibiotics
• Anticonvulsivants
• Inotrope drugs

Topiramate
Erythropoietin



METHODS: Adverse effects

• intracranial haemorrhage
• persistent hypotension
• pulmonary haemorrhage
• pulmonary hypertension
• prolonged blood coagulation time 
• culture-proven sepsis
• necrotizing enterocolitis
• cardiac arrhythmia
• thrombocytopenia (platelet count 

<50.000/mm3

• major venous thrombosis
• renal failure (urine output <0.5 

ml/kg/h and/or creatinine >1.5 
mg/dL)

• elevated liver enzyme levels (AST 
>200 IU; ALT >100 IU)

• hypoglycemia (<45 mg/dL)
• hypocalcemia (<1.0 mmol/L)
• hypercalcemia (>1.45 mmol/L)
• hyponatremia (<130 mmol/L) 
• death

The collection of AEs will last 
until discharge.
must be documented in the 
Adverse Event page of the 
eCRF.



METHODS: Adverse effects

major adverse outcomes:
• intracranial haemorrhage
• persistent hypotension
• pulmonary haemorrhage
• pulmonary hypertension
• etc.

Independent 
Safety Monitoring 
Board (ISMB)

unbiased 
evaluation 

safety in the study

The ISMB will meet every 50 neonates are enrolled into 
the study and will review the safety profile of infused 
melatonin in the 7 days following administration. 
The enrolment will not be stopped during the revision of 
the data.



METHODS:  Outcome

Combined death and severe neurodevelopmental
disability at postnatal age of 24+2 months. 

Primary outcome



Bayley-III scales of Infant and Toddler Development, third
edition (BSITD-III)  

METHODS:  Outcome at 24 months

Griffiths Mental Development Scales Revised (GMDS-R)

Cerebral palsy- Gross Motor Function Classification System 
(GMFCS) 

Sensorial assessment



Bayley-III scales of Infant and Toddler Development, third
edition (BSITD-III)  
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Spencer-Smith MM, Pediatrics 2015

Normal

composite score ≥ 85

severely impaired 

composite score > 2 SD 

below the mean

• Cognitive, language, and motor scales produces 3 

composite scores

• The scores are standardized with a mean of 100 and 

a SD of 15. 

METHODS:  Outcome

Moderate 
impairedcomposite score  –

1 and –2 SD



General quotient

METHODS:  Outcome

Griffiths Mental Development Scales Revised (GMDS-R)

Personal-Social

Hearing and Speech

Eye and Hand 
Coordination 

Performance

Griffiths, 1996

Locomotor

Subscales



METHODS:  Outcome

The subscales yield to:
standardized scores (ss) for each domain with a mean 100 and SD of 16
standardized General Quotient (sGQ) with a mean of 100 and  SD 12. 

Griffiths Mental Development Scales Revised (GMDS-R)

Normal

Subscale ss ≥ 84
sGQ ≥ 84

Moderate impaired

Subscale ss or sGQ
– 1 and –2 SD

Severely impaired 

Subscale ss or sGQ
>2 SD  below the mean



METHODS:  Outcome

Cerebral palsy

Non progressive central nervous system disorder characterized by abnormal muscle tone in at 
least one extremity and abnormal control of movement and posture that interfered with or 
prevented age appropriate motor activity. 

CP will be classified according to the Gross Motor Function Classification System (GMFCS)

Palisano R, Dev Med Child Neurol, 1997

The 5 levels of function will be: 
(I) Walks without restrictions; limitations in more advanced gross motor skills;
(II) Walks without assistive devices; limitations walking outdoors and in the community; 
(III) Walks with assistive mobility devices; limitations walking outdoors and in the community; 
(IV) Self-mobility with limitations; children are transported or use power mobility outdoors and in 
the community; 
(V) Self-mobility is severely limited even with the use of assistive technology.



METHODS:  Outcome

Sensorial assessment

Severe sensorial impairment

Blindness: absence of response to fixate or follow a light 

Severe hearing loss: permanent hearing loss with no response to 
amplification.

Nyong’o OL,. Pediatr Clin North Am. 2008
Smith RJ, Lancet



METHODS:  Outcome

Summarized outcome

if the sub-quotients of 
the respective 
subscale or general 
standardize score will 
be greater than –1 SD

• scores between –1 
and –2 SD
standardised
developmental
assessment

• mild CP [I and II]

• scores >2 SD  
below the mean
from standardised
developmental
assessment

• CP ≥ III
• bilateral blindness
• deafness

No disability Moderate disability Severe disability



METHODS:  Outcome

Death

Moderate or severe disability

Neurodevelopmental outcome
(Bayley and Griffith)

Cerebral palsy

Secondary outcomes



METHODS:  Outcome

Moderate or severe HIE at trial entry

Moderate-severe abnormality of aEEG at trial 
entry

Grade of abnormalities on visual analysis of 
MRI (scored 0–11, with higher scores 
corresponding to worse abnormalities) 

Secondary outcomes



METHODS:  Outcome

• occurrence of seizures
• intracranial haemorrhage
• hypotension treated with inotropes
• pulmonary haemorrhage
• pulmonary hypertension (echocardiographic diagnosis)
• prolonged blood coagulation time (activated partial 

thromboplastin time >41 s or international normalised ratio >3)
• thrombocytopenia (platelet count <150.000/mm3)
• major venous thrombosis
• cardiac arrhythmia (heart rate <80 bpm)
• culture-proven late-onset sepsis
• necrotising enterocolitis
• renal failure
• age at which full oral feeding is achieved
• duration of hospital stay

Secondary outcomes



Infants’ data:
ü gestational age
ü birth weight
ü inborn/outborn
ü Gender
ü type of delivery
ü Etc.

METHODS:  Other collected data

maternal data: 
ü type of delivery 
ü hypertensive disorders of 

pregnancy
ü antepartum haemorrhage
ü diabetes. 

intrapartum complications

case report form web-based

https://www.eclintrials.org/ect/O

https://www.eclintrials.org/ect/O


SAMPLE SIZE

The primary outcome, incidence of death or disability was used to 
calculate the sample size. 

Considering incidence of death or disability in the hypothermia group of 
50% and a reduction to 30% in the hypothermia plus MEL group

A sample size of 104 infants in each group is required to detect this 
difference as statistically significant with 80% power at 0.05 level. 

Edwards AD, BMJ 2010



STATISTICAL ANALYSIS

The primary efficacy analysis will be conducted on an intention to 
treat basis.

Clinical characteristics of infants in the MEL and control groups will be 
described using:
mean values and standard deviation
median value and range
rate and percentage.

Student “t” test for parametric continuous variables
Wilcoxon rank-sum test for non-parametric continuous variables
Fisher’s exact test for categorical variables

p <0.05 will be considered statistically significant. 



STATISTICAL ANALYSIS

Standardized mean difference (SMD) allows for inclusion of multiple 
outcome measures of neurodevelopmental impairment, to be combined 
in the primary analysis. 

quantitative 
scores SMD

meta-analytic approach



STATISTICAL ANALYSIS

Estimates of the treatment effect adjusted 
for baseline characteristics

Clinically important prognostic factors

Perform tests of heterogeneity in the 
subgroup analyses.

Generalized linear model



DURATION OF THE STUDY

Infants will be recruited over 24 months. 

The trial will terminate when the last 
recruited infant will have done disability 
evaluation at postnatal age of 24+2 
months.

BENEFIT-TO-RISK RATIO

Previous study in infants with HIE did not report any 
adverse effects of MEL supporting its optimal safety 
profile. 

However, an insurance policy will refund any damages 
caused by the participation to this study.



ADMNISTRATIVE ASPECTS

No financing is foreseen. 

Melatonin and placebo will be provided free of charge by the 
manufacturer. 

All blood and instrumental tests will be carried out in accordance
with common clinical practice, thus not resulting in any extra cost.

Study funding



• Infants with gestational age >35 
weeks and birth weight >1800 g 

• after informed parental consent 
• if they will have moderate-to-severe 

HIE requiring therapeutic 
hypothermia. 

• Major congenital malformation, 
chromosomal syndromes, inherited 
metabolic disorders.

• Refusal of consent by a parent or an 
attending neonatologist

• Cooling will be started after age of 6 h
• Extracorporeal membrane oxygen
• Moribund infants.

Randomization

MEL 
5 mg/kg, os, 5 days Placebo

Primary Outcome: Combined death and severe 
neurodevelopmental disability at 24 months PNA

Inclusion criteria Exclusion criteria

HT 72 h
MRI



We are looking for your contribution !



Trattamento occlusione catetere

• in caso di occlusione del catetere venoso centrale 
si consiglia, dopo appropriata valutazione clinica , 
la trombolisi locale (Grado 2C) 
• 1) prima scelta : rTPA 2 mg/2ml di soluzione pari 

alla capacità del lume del catetere ( 0.1-2 ml) più 
un addizionale 10%
2) seconda scelta: urokinasi 5000 UI/ml pari alla 
capacità del lume del catetere ( 0.1-2 ml) 

Grazie dell’attenzione 



carlo.dani@unifi.it

caterinacoviello83@yahoo.it

giulia.remaschi@gmail.com

mailto:carlo.dani@unifi.it
mailto:caterinacoviello83@yahoo.it

