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✓ It occurs in approximately 

2/1000 live births and is 

associated with a high risk of 

death or lifelong disability in 

contrast to the improved  

perinatal care

✓ 5th common cause of below 5 

years mortality in the world, and 

4th leading neonatal mortality in 

Turkey! 

Perinatal asphyxia ….. A nightmare
4 million asphyxia, 1 million death, 1 million severe neurological impairment
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Challenges/questions

✓ Terminologic problems - Are all neonatal encephalopathies 
related to HIE?

✓ Is diagnosis easy as defined, or more complicated then we 
think? New approaches? 

✓ Why therapeutic hypothermia is effective only in half of the 
patients?

✓ What about treatment modality differences in western and 
resource-limited settings?

✓ Are there any other possible treatment options? State-of-
the art!
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Hypoxemia Hypoxia Asphyxia

Terminological passages and fetal response

Anaerobic metabolism due to energy and oxygen lack

Alarm condition
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ANTENATAL NATAL 90%
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IMPORTANCE OF PREGNANCY FOLLOW-UP and DELIVERY ROOM MANAGEMENT



Emergency; what should I do?
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Diving seal reflex
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Diving seal reflex



Circulatory response in asphyxia

• Cerebral, coronary, 
adrenal 

• Renal, intestinal, 
skelatory

Circulatory 
response

• Bass excess << -12

• pH < 7

Prolonged 
process

• Cardiac output 

• Cerebral blood flow 

HIE
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1. Phase (Fetal hypoxic phase = Energy depletion phase): 
➢ Excitatory neurotransmitters, Ca, Hypoxantine

2. Phase (Ischemia- reperfusion phase): 
➢ Free O2 radicals, inflammation

3. Phase (Late damage phase):  
➢ Apoptosis and down-regulation of neurotropic growth factors
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Cellular necrosis Apoptosis



• Neonatal encephalopathy may 
be due to many causes
– IUGR

– Maternal diseases

– Thrombophilia

– Fetal inflammation, infections

– “HIE”

• Differential diagnosis:

– Detailed perinatal history

– Placental pathology 
(Microvillitis)

– Comprehensive laboratory 

– Genetic and genomic 
investigations
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Prolonged hypoxemia, hypercapnia and disturbed gas

exchange leading to acidosis
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Diagnostic 
approaches

Clinical

1. Diagnostic criteria

2. Sarnat scoring 

Imaging

1. TFUSG

2. CT

3. MRI

4. Diffusion weighted MRI

Neurophysiology

1. EEG

2. aEEG

3. NIRS

4. MR spectroscopy
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Diffusion MRI, MR spectroscopy

MRI
Hemorrhages

CT
Repeatable, bed side, cheap, doppler

USG

Diagnostic neuro-imaging

Near infra-red 
spectroscopy

aEEG

aEEG and NIRS are increasingly used as bedside tools in NICUs
to monitor brain function.

Clin Perinatol. 2016 Sep;43(3):511-27.
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aEEG
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NIRS
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Limitations in 
neuroimaging and neurophysiology

Morphological and 
pathologic changes 
after biochemical 

and metabolic 
processes occur at 
least 24 h later in 

the brain 

Imaging techniques 
can demonstrate 

the damages 
generally after 72 h

MRI is better than 
CT at early phases 
but only for minor 
damages/technical 

difficulties

aEEG is sensitive in 
treatment decision 
but interpreting is 

difficult after 
starting  

hypothermia
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Biomarkers

Products secreted to blood and CSF from tissues 
and organs just after the beginning of neonatal 
HIE

Level should change proportionally to the damage

Should lead to earlier diagnosis when compared to 
neuroimaging and neurophysiological methods

Should be helpful in differantial diagnosis

Useful in decision of treatment (hypothermia)
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Currently 
used non-

specific 
biomarkers

CK-BB

CK-MB

LDH

Uric 
acid

Lactic 
acid
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Neonatal HIE biomarkers under research

Children 2018, 5, 99; doi:10.3390/children5070099 
Clin Chemica Acta 2015; 450: 282

Markers for nerve cell 
damage

•NSE, MBP (Miyelin
Protein), Protein S-
100β, GFAP (Glial 
Fibrilar Acidic 
Protein), UCH-L1 
(Ubikutin), BDNF
(Brain Neurotophic
Factor), Tau Protein, 
MiRNA-21, Activin-A

Markers related to brain 
vascular and blood-
brain-barrier tissues

•MMP-9 (Matrix 
Metaloproteinase), 
VEGF

Oxidative stress 
biomarkers

•SOD, MAD

Inflammatory 
biomarkers

•HsCRP, IL1β, IL6, IL8, 
IL10; TNF-α, ICAM-1, 
Selectins
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There are no easily available and specific biomarkers for clinical use
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Abstract: Perinatal asphyxia is defined as an oxygen deprivation that occurs around the 

time of birth, and may be caused by several perinatal events. This medical condition affects 

some four million neonates worldwide per year, causing the death of one million subjects. 

In most cases, infants successfully recover from hypoxia episodes; however, some patients 

may develop HIE, leading to permanent neurological conditions or impairment of different 

organs and systems. Given its multifactor dependency, the timing, severity and outcome of 

this disease, mainly assessed through Sarnat staging, are of difficult evaluation. Moreover, 

although the latest newborn resuscitation guideline suggests the use of a 21% oxygen 

concentration or room air, such an approach is still under debate. Therefore, the 

pathological mechanism is still not clear and a golden standard treatment has yet to be 

defined. In this context, metabolomics, a new discipline that has described important 

perinatal issues over the last years, proved to be a useful tool for the monitoring, the 

assessment, and the identification of potential biomarkers associated with asphyxia events. 

This review covers metabolomics research on perinatal asphyxia condition, examining in 

detail the studies reported both on animal and human models. 

OPEN ACCESS

Far future:
Metabolomics of Krebs Cycle



Delivery room interventions

• Respiratory support

• Circulatory support

• Oxygen 

• Avoid hyperthermia (NRP)

• Avoid hypoglycemia

• Monitorization

Maintaining oxygen and energy supplies to vital 
organs

Advanced treatments in the NICU
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Oxygen and 
energy depletion 

with ischemia

Resuscitation 
with 21% vs. 
100% oxygen

Reperfusion 
injury (ROS)

• Increasing the oxidative damage vs. any delay in oxygenation

• Resair 2: Only 25.7% of patients is changedfroom room-air 100%

• Vento: In 75% of patients with 1 min APGAR 1-7 room-air is sufficient

SUGGESTION

• Patients with adequate circulation (HR>60); room-air

• Arrest or depressed (HR<60) patients; higher oxygen
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The only targeted treatment for HIE is therapeutic hypothermia
Omer Erdeve



Free O2 radicals

NO

Cytokins

Excitatory

neurotransmitters

Metabolic

pause

Na/K ATPase

Saved ATP

O2 need decreases

Hypothermia

Ca +2
Na+

Decrease in cellular edema

Akt

BCL-2

HSP-70

STAT 

Inflammatory response

Apoptosis
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Whole-body cooling or Cool cap 



Rapid start 
Slow warming

(0.5 C/h)

maintenance

normothermia

Current hypothermia protocols have consistently involved starting treatment within 
the first 6 h of life, with systemic cooling to either 34.5 ± 0.5°C for head cooling, or 

33.5 ± 0.5°C for whole-body cooling and continuing treatment for 48–72 h.
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Cooling for newborns with hypoxic ischaemic encephalopathy.
Cochrane Database Syst Rev. 

• 11 RCT, 1505 moderate/severe encephalopathy

• TH resulted in a statistically significant and clinically important reduction 
in the combined outcome of mortality or major neurodevelopmental 
disability to 18 months of age (typical RR 0.75, NNTB 7)

• Cooling resulted in reductions in mortality (typical RR 0.75, NNTB 11)  and 
in neurodevelopmental disability in survivors (typical RR 0.77, NNTB 8). 

• Some adverse effects of hypothermia included an increase sinus 
bradycardia and a significant increase in thrombocytopenia.

AUTHORS' CONCLUSIONS:
• Hypothermia should be instituted in term and late preterm infants (>35 

wk) with moderate-to-severe HIE if identified before 6 h of age. 
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35 
wk

6th 
h

72th 
h

120th 
h

3-6th 
h

33-34 C 

32-33 C Adjuvant tx

34 
wk

6-24th 
h





When to cool?

• Clinical data suggested that asphyxiated infants who were 
able to be cooled within 3 h of birth had better motor 
outcomes than when hypothermia was started between 3 and 
6 h. 

• However,  hypothermia was only able to be started in 12% of 
infants within 4 h of birth in RCTs

Neonatology (2013) 104:228–33.
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• Cooling infants with HIE shortly after 
birth improves survival and 
neurodevelopmental outcome. 

• The optimal way to cool infants during 
transfer to regional NICUs is unclear. 

• Data from a regional neonatal transfer 
team, using first passive and 
subsequently active cooling for these 
infants, suggest that active cooling 
results in improved thermal control and 
a reduction in stabilization time. 
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Cooling on transport!
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Active vs. passive cooling on transport

Active cooling results in better achieved 
targeted temperature on arrival to hospital 

(79% vs. 25%)



Duration and depth of the treatment?

• A recent experimental study extending the duration of cerebral cooling 
from 3 days until 5 days was not associated with any additional 
improvement in the recovery of EEG power.

• Consistent with this preclinical evidence, a large RCT of 72 h of 
hypothermia to 33.5°C compared with either prolonged hypothermia for 
120 h or deeper cooling to 32°C, was stopped early because

– longer duration, lower temperature and the combination of longer 
duration and lower temperature were associated with a trend 
toward a higher risk of death in the neonatal period 

Cereb Blood Flow Metab (2015) 35:751–8.
JAMA (2014) 312:2629–39.
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Hypothermia in resource-limited settings

• PA occurs at an approximate rate of 10‒20 
per 1000 live births in LMIC 

• Of the one million annual neonatal deaths 
caused by PA, 99% occur in LMIC.

• Benefit of therapeutic hypothermia may be 
far higher in LMIC than in high-income 
countries, considering the disease burden. 

• Adequately powered clinical trials are 
required to ensure that cooling is indeed 
safe and effective in LMIC neonatal units 
(HELIX trial NCT01760629). 
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• The rate of confirmed sepsis is higher in LMICs

• There are often delays in providing care owing to 
a limited medical and nursing infrastructure

• Low- resourced or less-experienced centers may 
be less rigorous in using therapeutic hypothermia 
according to established protocols

• Such countries may not be able to provide 
adequate neonatal intensive care, including 
proper monitoring, mechanical ventilation, 
sedation, and use of oxygen. 

• LMI countries may be less able to afford 
approved devices to induce stable hypothermia 
within targeted goals.
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Complications





Erythematous, bullous, necrotic lesions were detected on the lumbosacral, cervical regions 

and the auricula of the ears.

Gamze Demirel et al. Arch Dis Child Fetal Neonatal Ed 

2013;98:F150-F151
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Ankara University Children’s Hospital 
NICU last 5 years series:
• 2012-2017
• 45 patients (24 inborn)
• 6 deaths
• Survival %87
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ECMO

HYPOTHERMIA

CFM

What about hypothermia in patients on ECMO run!





Potential most effective neurotrophic treatment: 
Mesenchymal stem cell

• MSC treatment:

➢BMSC: Ferroni (2013), Taran (2014)

➢UCB-MSC: Dalous (2012), Xia (2010)

✓Easily obtained

✓No damage to donor

✓More immature cells

✓No ethical problem and somatic mutation risks

✓Low tumor risk potency

✓Low GVHD risk

Int. J. Devl Neuroscience 38 (2014): 147–154



• UCB-MSC:

– Allogenic: So Yoon An (2015)

– Autologous: Cotton (2014)

• Questions:

– Administration way (intraventricular/iv)

– Dose (1x106-5x105 cell)

– Timing (as soon as possible)

– Long term safety

• DCC-Milking (?)

J Pediatr 2014; 164: 973
Neonatology 2016; 109: 377

In order to optimize the potential of this treatment, 
systematic preclinical studies of the mechanisms of action, and clinical studies 

on optimal dosing and timing, and type of stem cells are now needed.



Take home messages

✓ Asphyxia is still common, even in developed countries but more in LMICs
✓ Not all encephalopathies after birth are due to PA
✓ Neuroimaging and neurophysiological techniques have limitations and 

there is no specific biomarker defined
✓ Hypothermia should be started as soon as possible. Think about 

passive/active cooling on transport!
✓ Therapeutic hypothermia is the only proven treatment but is not a golden 

bullet. There is a need for adjunctant treatment, preferably a cheap one 
(erythropoietin ?!)

✓ Mesenchymal stem cell transplantation is a promising future treatment 
choice for HIE for prevention of CP

✓ Adequate rescuscitation, targeted oxygen use, preventing hyperthermia 
and hypoglycemia, initiating passive/active coolingat referring center, 
therapeutic hypothermia with servo-controlled device or phase changing 
materias/frozen gel packs should be main aims in treatment for resource-
limited settings
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