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Definition





• The use of the term NE vs. HIE is 
controversial. It has been proposed that 
in term and late preterm infants with 
no identifiable sentinel events the term 
NE should be used. 



Type and Timing of Contributing Factors That Are Consistent 
With an Acute Peripartum or Intrapartum Event-I-

• A sentinel hypoxic or ischemic event occurring immediately 
before or during labor and delivery: 
– Ruptured uterus 
– Severe abruptio placentae 
– Umbilical cord prolapse 
– Amniotic fluid embolus with coincident severe and prolonged maternal 

hypotension and hypoxemia 
– Maternal cardiovascular collapse 
– Fetal exsanguination from either vasa previa or massive fetomaternal 

hemorrhage 



Type and Timing of Contributing Factors That Are Consistent 
With an Acute Peripartum or Intrapartum Event-II-

• Fetal heart rate monitor patterns consistent with an acute 
peripartum or intrapartum event, particularly a category I fetal 
heart rate pattern on presentation that converts to one of the 
following patterns: 
– Category III pattern

• sinusoidal pattern or absent baseline variability plus recurrent late 
decelerations, recurrent variable decelerations, or bradycardia.  

– Tachycardia with recurrent decelerations 
– Persistent minimal variability with recurrent decelerations



Markers of an Acute Peripartum or Intrapartum Hypoxic-
ischemic Event 

• Neonatal signs consistent with an acute 
peripartum or intrapartum event:
– Apgar score of less than 5 at 5 minutes and 10 

minutes
– Fetal umbilical artery acidemia: fetal umbilical artery 

pH less than 7.0, or base deficit ≥12 mmol/L, or both 
– Neuroimaging evidence of acute brain injury seen on 

brain MRI or MRS consistent with hypoxia-ischemia 
– Presence of multisystem organ failure consistent with 

hypoxic-ischemic encephalopathy 



CAUSES OF HIE



HYPOXIA/ISCHEMIA



Fetal asphyxia, neonatal 
encephalopathy (NE) and acute 
pulmonary hypertension. 
Mild to moderate fetal hypoxia leads to 
peripheral, renal, splanchnic, and 
pulmonary vasoconstriction diverting 
blood to the brain, heart, and adrenals. 
Increased pulmonary arterial pressure 
leads to increased right-to left shunt at 
the foramen ovale and increases blood 
flow in the ascending aorta thereby 
enhancing cerebral and coronary 
perfusion. 
However, severe hypoxia leads to 
reduced blood flow to brain and heart 
causing NE, myocardial ischemia, right 
and left ventricular dysfunction, and 
pulmonary hypertension. 





Causes of systemic hypotension in 
pulmonary hypertension associated with 
neonatal encephalopathy (NE). 
• Pump failure (often due to ventricular 

dysfunction from ischemia), 
• Reduced preload (from reduced 

pulmonary venous return exacerbated 
by high intrathoracic pressure from 
the ventilator) 

• Reduced afterload due to adrenal 
failure and effect of medications. 

• Adrenal failure can be secondary to 
bilateral adrenal hemorrhage.   
Management of systemic hypotension 
is crucial to optimize blood flow and 
oxygen delivery to the brain and heart



Various effects 
of Perinatal 
asphyxia on 

different organ 
systems.



• Neonates with perinatal asphyxia, often develop multiorgan failure, 
which impacts virtually every organ system. 

• AKI has been shown to occur commonly in infants with HIE with an 
incidence ranging from 38 to 72%. 

• In a single center study of 96 neonates with HIE undergoing 
therapeutic hypothermia, AKI occurred in 38% of neonates.

• It independently predicted prolonged duration of mechanical 
ventilation and NICU stay. 



• In a follow-up study, AKI during therapeutic hypothermia was found 
to be associated with the development of abnormal magnetic 
resonance imaging (MRI) findings at 7–10 postnatal days. 

• The impact of therapeutic hypothermia on the incidence of AKI in HIE 
remains unclear, with trials and retrospective studies demonstrating 
conflicting results.



• Studies in infants with hypoxic-ischemic encephalopathy (HIE) 
due to perinatal asphyxia have generally focused on 

neurological outcomes. 
• Although acute kidney injury (AKI) rate decreased in advent of 
therapeutic hypothermia (TH), it is still a common and important 

entity..



• In this retrospective study, the risk factors for AKI in HIE patients treated 
with hypothermia were investigated. 

• Infants treated with TH due to HIE were reviewed retrospectively and 
infants who developed AKI and not were compared. 





• Ninety-six patients were enrolled in the study. 
• AKI developed in 27 (28%) patients 
• 4 (14.8%) of them were stage III AKI. 



• In the AKI group, risk factors for AKI were:
• gestational age of the patients was 

significantly higher (p = 0.035), 
• the 1st minute Apgar score was significantly 

lower (p = 0.042), 
• convulsions (p = 0.002), 
• amplitude-integrated 

electroencephalography disorders 
(p = 0.025), 

• sepsis (p = 0.017), 
• need for inotropic therapy (p = 0.001),
•  need of invasive mechanical ventilation 

(p = 0.03), 
• systolic dysfunction in echocardiography 

(p = 0.022) were significantly higher..



• In logistic regression tests, Apgar score at the 1st minute was found to be 
independent risk factor for developing AKI. 

• AKI has the potential to worsen the neurological damage and correlates 
with morbidities of perinatal asphyxia. 



DIAGNOSTICS



Definitions of KDIGO and Gupta AKI Criteria

KDIGO is the process of 
developing the Clinical Practice 
Guideline for Acute Kidney 
Injury and Acute Kidney Disease





•Diagnostics 
•  SCr is currently the “gold-standard” of biomarkers to identify AKI.
• However SCr serves as a measure of kidney function, rather than injury. 
• Furthermore, SCr is a delayed (up to 48–72 h) marker of kidney function, 

which may not change until 25–50% of the kidney function has been lost. 
• These impediments taken together may explain the challenges faced 

with the development of successful clinical trials and interventions in 
AKI. 

• Efforts to detect AKI earlier have led to the development of novel 
biomarkers that lead to the timely diagnosis of AKI, improved clinical 
trials, and improved outcomes. 



Biomarker Properties and 
production Findings

Cystatin C 
(CysC)

Cysteine protease 
produced at a 
constant rate by all 
nucleated cells 

Urine CysC cut-off > 
204.4 ng/mL: ◦ AUC 
0.937, p < 0.001 ◦    ----
--Sensitivity 100% ◦ ---
--Specificity 91.7% 



Biomarker Properties and 
production Findings

Neutrophil 
gelatinase-
associated 
lipocalin 
(NGAL) 

Protein 
expressed by 
multiple tissues 
including 
kidney

Serum NGAL cut-off > 89.6 
ng/mL: ◦ AUC: 0.942, p < 
0.001 ◦ 
Sensitivity 100% ◦ 
Specificity 92.3% 
uNGAL cut-off > 18.61 
ng/mL: ◦ AUC 0.865, p < 
0.001 ◦ 
Sensitivity 100% ◦ 
Specificity 83.3% 



Biomarker Properties and 
production Findings

Interleukin-18 
(IL-18)

Pro-inflammatory 
cytokine induced in 
proximal tubule 
after AKI and renal 
tubular injury

• uIL-18 
independently 
associated with AKI 
in non-septic 
critically ill neonates 
◦ OR 2.27, AUC 0.72



Biomarker Properties and 
production Findings

Kidney injury 
molecule-1 

(KIM-1)

type 1 transmembrane 
protein that has been 
found to be highly 
upregulated in the 
proximal tubule 
epithelial cells; 
secreted in urine after 
AKI

• Compared to survivors, 
non-survivors had higher 
KIM-1 
◦ Non-survivors: 385 pg/mL 
(95% CI 231, 1,028) ◦ 
oSurvivors: 264 (95% CI 147, 
549) 
◦ For every 100 pg/mL rise 
in KIM-1, there was a 10% 
higher odds of death (OR 
1.1 (1.0–1.2), p < 0.02; AUC 
0.64) 



Biomarker Properties and 
production Findings

Osteopontin 
(OPN)

Cytokine expressed 
and upregulated 
during inflammation 
and AKI 

• Compared to subjects 
without AKI, those with AKI 
had higher OPN ◦ AKI: 468 
ng/mL (95% CI 247, 655) ◦ 
No AKI: 217 ng/mL (95% CI 
115, 280) ◦ For every 100 
ng/mL rise in OPN, the odds 
of AKI increased by 220% 
(OR 3.2 (1.5–9.9), p < 0.01; 
AUC 0.83) ◦ Combining 
NGAL and OPN improved 
ability to detect AKI (AUC 
0.90)



Biomarker Properties and 
production Findings

Beta-2 
microglobulin 

(B2mG) 

Peptide produce from 
cellular membrane 
turnover, particularly 
elevated with tubular 
dysfunction or injury

• In term asphyxiated neonates, 
uB2mG levels were significantly 
higher in infants with AKI 
compared to those without AKI 
and were found to be predictive 
of AKI within the first 24 h after 
asphyxiation
 
◦ AKI: 6.8 mg/L vs.
 
◦ no AKI: 2.6 mg/L, p < 0.001        ◦ 
AUC: 0.944
 
◦ Ideal cut off: 3.8 mg/L  81% 
sensitive  81.6% specific





PROGNOSIS





PREVENTION
and

MITIGATION



•Prevention and Mitigation 
         Risk Stratification

                                          “renal angina.”



Score Assigned To Each 
Significant Variable Of The 

Best Fit Model

STARZ
Neonatal Acute Kidney Injury 

Stratification Score





•Prevention and Mitigation 
          Nephrotoxic Medications
Acyclovir                                                         Indomethacin
Amikacin                                                         Piperacillin/Tazobactam   
Amphotericin B                                              Vancomycin
Gentamicin



•Prevention and Mitigation 
          Nephroprotection : Methylxanthine Therapy: Theophylline and Caffeine

Methylxanthines are adenosine-receptor antagonists. 
In high risk populations methylxanthines have been shown to prevent 
the development of AKI by :
 preventing adenosine driven pre-glomerular vasoconstriction 
           preventing post-glomerular vasodilation



•Prevention and Mitigation 
          Nephroprotection : Methylxanthine Therapy: Theophylline and 
Caffeine
Theophylline has been extensively studied in neonates with HIE. 
9 RCT in term neonates with HIE: a single dose of theophylline (5– 8 
mg/kg) vs. placebo. 
These studies show that theophylline is safe and reduces AKI rates, 
protects the renal tubule, and improves fluid balance, GFR and urine 
output. 



•Prevention and Mitigation 
          Nephroprotection : Methylxanthine Therapy: Theophylline and 
Caffeine
The current KDIGO clinical practice guidelines “suggest that a single 
dose of theophylline may be given in neonates with severe perinatal 
asphyxia who are at high risk for AKI”



Neonates receiving aminophylline 
(n = 12 survivors and n = 4 non-
survivors) had lower urine output 
(UOP) during the 12-h period prior to 
the start of aminophylline compared 
to an age-matched time period in 
control patients (n = 16) (*p < 0.05 vs. 
control at time point). A significant 
increase in UOP from baseline was 
seen after aminophylline treatment in 
survivors at all time points (#p < 0.001 
vs. “pre” time point) and in control 
patients at 24 and 72 h (+p < 0.05 vs. 
“pre” time point). UOP was 
significantly higher during the first 12 h 
after aminophylline start in survivors 
compared to control patients 
(*p < 0.05 vs. control at time point), 
but no differences in UOP between 
these two groups were seen at later 
time points. UOP in non-survivors who 
received aminophylline did not 
increase significantly over the study 
period.



•Treatment of Sequelae: Kidney Support Therapy
The indications for KST in neonates are similar to those in older children 
and include :
  uremia, 
electrolyte abnormalities, 
metabolic syndromes, 
inability to provide adequate nutrition, 
the pathologic state of FO. 



•Treatment of Sequelae: Kidney Support Therapy
The two modalities of KST commonly utilized in neonates are: 
 peritoneal dialysis (PD) 
continuous kidney support therapy (CKST).



NUTRITION



• Nutrition The goal is to provide 100 kcal/kg/day. 
• Proteins or amino acids can be provided in a dose of 1-2 g/kg/day. 
• Total parenteral nutrition can be provided if baby enteral nutrition cannot be 

established. 
• Full enteral feeding is possible, breast milk can be used. 
• Caloric density can be increased by adding corn oil, medium chain triglycerides or 

maltodextrins. 
• If breast milk cannot be given low phosphate formula milk with low renal load 

can be given.



Hypoglycemia

• A study of 185 term infants with severe fetal acidemia (umbilical arterial pH < 
7.00) suggested an important role for postasphyxial postnatal hypoglycemia in 
the genesis of brain injury. 

• Thus 27 (14.5%) of the 185 infants had an initial blood glucose level of 40 
mg/dL or lower. Of these 27 infants, 56% (15) had an abnormal neurological 
outcome, whereas only 16% (26) of the 158 infants with a blood glucose level 
higher than 40 mg/dL had an abnormal outcome. 

• Consistent with these observations, recent MRI studies of infants with 
postasphyxial hypoxic-ischemic encephalopathy show more frequent and more 
severe brain injury in infants who had complicating hypoglycemia postnatally 
than in those who did not.

Terrie E. Inder , Joseph J. Volpe Hypoxic-ischemic and related disorders :Pathophysiology: General Principles VOLPE’S 
NEUROLOGY OF THE NEWBORN, SIXTH EDITION



• Almost one in three babies who receive therapeutic hypothermia in NHS 
neonatal units are fed during hypothermia, predominantly with maternal 
breastmilk. 
• Necrotising enterocolitis is rare in these babies, and after matching for an 

extensive list of background characteristics, pragmatically defined 
necrotising enterocolitis was diagnosed less frequently in babies fed during 
therapeutic hypothermia than in babies who were unfed. 
• Milk feeding during therapeutic hypothermia was also associated with 

other beneficial outcomes, including shorter length of neonatal unit stay, 
higher incidence of breastfeeding, and a lower incidence of suspected 
infection, all after matching for multiple potential confounding factors

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy Chang L.L et al 2018



Outcomes for babies fed enterally versus not fed 
enterally during therapeutic hypothermia

Gale C .et al, Feeding during neonatal therapeutic hypothermia, assessed using routinely collected National Neonatal Research Database data: a retrospective, UK population-based cohort study 
Lancet Child Adolesc Health 2021; 5: 408–16 



• Kidney injury is a very common 
complication of HIE.

• Avoidance of hypotension during 
HIE is extremely important in 
mitigating kidney injury in HIE .

• Kidney in injury in HIE do have 
long term consequences.

• Therapeutic hypothermia has got a 
beneficial effects not only on the 
brain but  also on the kidneys.

• New markers of renal injury are 
available and need further 
evaluation



• Methyl xanthines have got a 
definit role in attenuating kidney 
injury.

• Renal replacement therapy could 
be life saving.

• Kidney injury in HIE is an 
important independent risk factor 
for worse prognosis.

• Proper nutrition is essential during 
therapeutic hypothermia.



THANK YOU

MERCI

GRAZIE



• Energy requirements are a function of the sum of the oxygen 
consumption rates of all of the organs in the body. 
• Each organ has different energy requirements. 
• The brain of nn consumes an astounding 60% of total body 

metabolism, far out of proportion to other mammals. 
•Heart has high metabolic rate, whereas lungs and kidneys do 

not. 
•Ds of organs with high BMR disproportionately increase the 

total body oxygen consumption and thus total energy demand. 
• Thus, heart failure and recurrent or ongoing seizures increase 

energy requirements by approximately 30%. 
The Impact of Neonatal Illness on Nutritional Requirements— One Size Does Not Fit All Ramel S., Brown L. and Georgieff M.2014



Feeding during therapeutic 
hypothermia

Dr Hisham Awad

Ain Shams University



Principles Of Nutritional Requirements



Nutrition of the Brain



Glucose 
metabolism 
in the brain Ketone 

body use 
in brain

Glucose consumption 
in the brain accounts 
for 95% of cerebral 
energy supply



Nutrition of the Brain: Glucose

• Glucose Uptake Glucose from blood is taken up by the brain through a 
process of carrier-mediated, facilitated diffusion 
• Specific glucose transporter proteins are involved. 
• The transport process is not energy-dependent. 
• Glucose transport across the blood-brain barrier uses the heavily 

glycosylated form of the facilitative glucose transporter protein, GLUT1 (55 
kDa). 
• Transport across glial membranes is facilitated by the lower molecular form 

of GLUT1 (45 kDa) 
• Transport across the neuronal membrane is facilitated by GLUT3. 
• The levels of these proteins are relatively low in the immature brain and 

are limiting to glucose transport and utilization.







• ATP generated is transported from the mitochondrion by a specific carrier. 
• It is used in the brain for two major purposes: 

• transport 
• synthetic processes. 

• Quantitatively, the most important transport processes involve ions in 
neurons for impulse transmission(Sodium and potassium) and 
maintenance of Ca2+ homeostasis.
• Aproximately 60% to 75% of ATP is used for maintenance of membrane 

gradients of these three ions, especially Na+ and K+ 
• Synthetic processes are important in the developing brain and involve 

neurotransmitters, structural and functional proteins, and membrane lipids



Nutrition of the Brain: Glycogen

• Glycogen is found in relatively small concentrations in the brain but 
represents an important storage form of carbohydrate. 

• Glycogen synthesis and degradation occur primarily in astrocytes. 
• Glycogen in astrocytes provides fuel to neurons first by conversion to 

lactate and then transport of lactate to neurons.
• By a similar mechanism, astrocytes degrade glycogen to lactate that is 

provided to developing oligodendrocytes, primarily for lipid 
biosynthesis.



Hypoxic Ischemic Encephalopathy



Definition

•Hypoxic-ischemic 
encephalopathy (HIE) is a type 

of newborn brain damage 
caused by oxygen deprivation 

and limited blood flow.



•Hypoxic-ischemic encephalopathy (HIE) is a significant 
cause of morbidity and mortality in neonates. 

• The incidence of HIE ranges from 1 to 8 per 1,000 live 
births in developed countries to as high as 26/1,000 
live births in underdeveloped countries

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy Chang L.L et al 2018



• The pathophysiology of hypoxic-ischemic brain injury is 
multifactorial. 

• An inflammatory response may be generated in the brain locally or 
because of systemic inflammation.

 
• While the exact source of inflammation is unknown, patients who 

have had major surgery, trauma, or burns show a significant systemic 
inflammatory response due to intestine-derived inflammation 
secondary to ischemic injury. 

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy Chang L.L et al 2018



Major Mechanisms for Biochemical Effects of Hypoxemia on 
Carbohydrate and Energy Metabolism 



The limited availability of energy for 
neuronal functions is not the same in all 

brain regions



Propensity Of Neonatal Cerebral White 
Matter To Hypoxic Injury

• It appears that anaerobic glycolysis with its accelerated glucose utilization 
was capable of preserving the energy state in gray matter but not in white 
matter. 
• Glucose levels declined more drastically in white matter than in gray matter. 
• Glucose influx could not meet the increased demands for glucose in white 

matter. 
• The local CBF increased insignificantly in relation to white matter but 

dramatically in relation to gray matter.
• This is due to apparently limited vasodilatory capacity in white matter. 
• This imbalance between glucose needs and glucose delivery may contribute 

to the propensity of neonatal cerebral white matter to hypoxic injury.



Hypoglycemia: Hypoglycemia and Ischemia Enhanced 
Vulnerability of the Hypoglycemic Brain to Ischemic Insult in 

Animals 
• The vulnerability of the brains of mature animals to ischemic insult is 

enhanced by concomitant hypoglycemia.
• Increases of mortality, acute neurological phenomena (e.g., seizures), and 

neurological deficits in survivors were apparent in the hypoglycemic versus 
normoglycemic animals. 

• The diminished glucose reserves in the hypoglycemic brain were unable to 
maintain the accelerated glycolytic flux necessary to maintain cerebral energy 
reserves under anaerobic (ischemic) conditions. (Recall the 19-fold difference 
in ATP production from glucose metabolism under anaerobic versus aerobic 
conditions.

Terrie E. Inder , Joseph J. Volpe Hypoxic-ischemic and related disorders :Pathophysiology: General Principles VOLPE’S 
NEUROLOGY OF THE NEWBORN, SIXTH EDITION



Hypoglycemia

• A study of 185 term infants with severe fetal acidemia (umbilical arterial pH < 
7.00) suggested an important role for postasphyxial postnatal hypoglycemia in 
the genesis of brain injury. 

• Thus 27 (14.5%) of the 185 infants had an initial blood glucose level of 40 
mg/dL or lower. Of these 27 infants, 56% (15) had an abnormal neurological 
outcome, whereas only 16% (26) of the 158 infants with a blood glucose level 
higher than 40 mg/dL had an abnormal outcome. 

• Consistent with these observations, recent MRI studies of infants with 
postasphyxial hypoxic-ischemic encephalopathy show more frequent and more 
severe brain injury in infants who had complicating hypoglycemia postnatally 
than in those who did not.

Terrie E. Inder , Joseph J. Volpe Hypoxic-ischemic and related disorders :Pathophysiology: General Principles VOLPE’S 
NEUROLOGY OF THE NEWBORN, SIXTH EDITION



Hypoglycemia
• Forty-one (22%) infants developed an abnormal neurologic outcome: 

• 14 (34%) with severe hypoxic ischemic encephalopathy (HIE) died
• 24(59%) with moderate to severe HIE 
• three (7%) with seizures. 

• By multivariate logistic analysis, four variables were significantly associated with abnormal 
outcome:
• initial blood glucose 40 versus > 40 mg/dL [p Z 0.001, odds ratio (OR) 18.5 being the most significant 
• cord arterial pH 6.90 versus > 6.90, OR 9.8 (p Z 0.003)
• a 5-minute Apgar score 5 versus > 5 (p Z 0.006, OR 6.4)
• the requirement for intubation  cardiopulmonary resuscitation (CPR) versus neither (p Z 0.02, OR 4. 7) 

1.2e17.9) being less so. 
• These data suggest that hypoglycemia is an important risk factor for perinatal brain injury, 

particularly in depressed term infants with severe fetal academia who require resuscitation. 
Thus, in the ongoing management of hypoxiae-ischemia, a glucose level should be screened 
shortly after birth and monitored closely. If the blood glucose is low it should be corrected 
promptly.

Terrie E. Inder , Joseph J. Volpe Hypoxic-ischemic and related disorders :Pathophysiology: General Principles VOLPE’S 
NEUROLOGY OF THE NEWBORN, SIXTH EDITION



Prognosis and Management
• Among survivors, ≥25% show permanent neuropsychological 

handicaps, in the form of cerebral palsy with or without 
associated mental retardation, learning disabilities, or epilepsy.

• Whole-body hypothermia reduces the risk of death or disability 
in infants with moderate or severe HIE. 

• However, a majority of babies treated with hypothermia will 
have neurodevelopmental impairments 

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy Chang L.L et al 2018



A key factor in improving the prognosis is by 
avoiding fluctuations in blood sugar



This can be achieved by proper nutrition 
especially during therapeutic hypothermia which 

should be initiated as early as possible



• Which dietary modifications are included in the treatment of hypoxic-
ischemic encephalopathy (HIE)?

• Updated: Jul 18, 2018
• Author: Santina A Zanelli, MD; Chief Editor: Dharmendra J Nimavat, 

MD, FAAP more...



• As such, in the USA, it is common practice to withhold 
enteral feeding during hypothermia based on concerns of 
developing necrotizing enterocolitis or feeding intolerance.

 
• Strong evidence for this clinical practice does not exist. 

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy Chang L.L et al 2018



• In most cases (particularly in severe hypoxic-ischemic encephalopathy 
[HIE]), the infant is restricted to nothing by mouth (NPO) until the 
general level of alertness and consciousness improves and the 
hemodynamic status stabilizes. 

• In addition, most infants undergoing therapeutic hypothermia should 
remain NPO until rewarmed. 

• A study of 51 neonates with HIE indicated that minimal 
enteral nutrition (1-2 mL/kg boluses every 3h) may be safe in 
hemodynamically stable infants undergoing therapeutic hypothermia.



• Enteral feeds should be carefully initiated, and the use of trophic 
feeds is recommended for 24-48 hours (2 mL/kg every 3 h). Infants 
should be monitored carefully for signs and symptoms of necrotizing 
enterocolitis, for which infants with perinatal asphyxia are at high risk. 
Individualize increments in feeding volume and composition.



Parenteral nutrition-I-

• In high-income settings, infants who receive therapeutic hypothermia 
receive some form of intravenous fluid support: commonly intravenous 
dextrose with electrolytes as required, or parenteral nutrition. 
• Hazeldine et al found that 29% (14/49) of responding UK neonatal units 

report routine use of parenteral nutrition.
• While dextrose provides sufficient carbohydrate energy to prevent 

hypoglycaemia, it does not limit catabolism as effectively as parenteral 
nutrition. 
• This is the rationale for giving parenteral nutrition to infants receiving 

therapeutic hypothermia: to improve overall growth, brain growth and 
potentially neurodevelopment—although we note that this conjecture is 
not backed up by any human studies.

Optimising nutrition during therapeutic hypothermia Shalini Ojha, Jon Dorling, Cheryl Battersby,  Nicholas Longford, Chris Gale
Arch Dis Child Fetal Neonatal Ed May 2019 Vol 104 No 3 



Parenteral nutrition-II-

• Studies in adults.  
• The Early versus Late Parenteral Nutrition in the Pediatric Intensive Care Unit 

(PEPaNIC) trial reached a conclusion that early provision of parenteral nutrition may 
be harmful. This trial randomised 1440 critically ill children (including 209 term 
neonates) to receive parenteral nutrition within 24hours of admission, or for 
parenteral nutrition to be delayed for 7days. 
• While mortality rates were similar in the two groups, children who had parenteral 

nutrition withheld for 7days had a significantly lower rate of new infection (10.7% vs 
18.5%).
• A preplanned secondary analysis of the 209 term neonates included in the PEPaNIC 

trial confirmed lower likelihood of infection and higher rate of survival to discharge 
in infants for whom parenteral nutrition was withheld, but at the cost of an 
increased risk of hypoglycaemia.

Optimising nutrition during therapeutic hypothermia Shalini Ojha, Jon Dorling, Cheryl Battersby,  Nicholas Longford, Chris Gale
Arch Dis Child Fetal Neonatal Ed May 2019 Vol 104 No 3 



Parenteral nutrition

• Secondary observational analyses of the PEPaNIC trial indicate that early provision of parenteral 
amino acids could explain the worse clinical outcomes in the intervention group 

• The risk of all studied outcomes gradually increased up to a median daily amino acid dose of 1.15 g/kg 
(IQR 1.10-1.22), representing 40-50% of reference doses for age and weight. However, higher doses 
did not further increase the risk of harm. 

• The authors discuss whether this negative effect of parenteral amino acids is caused by the 
suppression of autophagy, an amino acid load above the metabolic capacity of the liver and kidneys or 
a suboptimal composition of the amino acid formulations used. 

• Interestingly, higher average doses of lipids were associated with a greater likelihood of earlier live 
discharge and with a greater likelihood of earlier live weaning from mechanical ventilation in the 
neonates. 

• These findings support the notion that lipids play an important role during critical illness. Higher 
plasma 3- hydroxybutyrate (3HB) and lower blood glucose concentrations were also associated with 
earlier weaning from mechanical ventilator support and live discharge. 

• The ketogenic fasting response in the late PN group was however not associated with new infections. 

Nutritional Management of the Critically Ill Neonate: A Position Paper of the ESPGHAN Committee on Nutrition Moltu et al .JPGN 
Volume 73, Number 2, August 2021

Early Versus Late Parenteral Nutrition in the Pediatric Intensive Care Unit (PEPaNIC)



What about enteral 
nutrition?



• The pathophysiology of hypoxic-ischemic brain injury is 
multifactorial. 

• An inflammatory response may be generated in the brain locally or 
because of systemic inflammation.

 
• While the exact source of inflammation is unknown, patients who 

have had major surgery, trauma, or burns show a significant systemic 
inflammatory response due to intestine-derived inflammation 
secondary to ischemic injury. 

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy Chang L.L et al 2018



• Almost one in three babies who receive therapeutic hypothermia in NHS 
neonatal units are fed during hypothermia, predominantly with maternal 
breastmilk. 
• Necrotising enterocolitis is rare in these babies, and after matching for an 

extensive list of background characteristics, pragmatically defined 
necrotising enterocolitis was diagnosed less frequently in babies fed during 
therapeutic hypothermia than in babies who were unfed. 
• Milk feeding during therapeutic hypothermia was also associated with 

other beneficial outcomes, including shorter length of neonatal unit stay, 
higher incidence of breastfeeding, and a lower incidence of suspected 
infection, all after matching for multiple potential confounding factors

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy Chang L.L et al 2018



Outcomes for babies fed enterally versus not fed 
enterally during therapeutic hypothermia

Gale C .et al, Feeding during neonatal therapeutic hypothermia, assessed using routinely collected National Neonatal Research Database data: a retrospective, UK population-based cohort study 
Lancet Child Adolesc Health 2021; 5: 408–16 



• In adults, a delay in enteral nutrition both after trauma and surgery 
increases mortality, presumed secondary to bacterial translocation 
from the gut, sepsis, and an increased likelihood of systemic 
inflammatory response. 

• This finding supports the concept that the inflammatory response in 
the gut can be a “motor” for systemic inflammation. 

• Neonatal brain injury from HIE may occur in the setting of pathologic 
cytokine and chemokine production via neuroinflammatory pathways

 

Enteral Feeding as an Adjunct to Hypothermia in Neonates with Hypoxic-Ischemic Encephalopathy. Chang L.L.et al Neonatology 
2018;113:347–352    



No differences between the 
2 groups at any time point 
for IL-1β, IL-2, IL-6, IL-8, IL-
13, TNF-α, MCP-1, MIP-1α, 
and IP-10. Serum IL-12p70 
concentrations were 
reduced in neonates with 
HIE that received MEN 
during hypothermia 
compared to those who 
were unfed. 
IL-12 is a proinflammatory 
and prostimulatory cytokine 
with a key role in the 
development of Th1 cells .



Take Home Message

• Nutrition during therapeutic hypothermia is important.
• Maintenance o normal glycemia is of primordial importance.
• Parenteral nutrition should be used judiciously with minimal I.V. 

protein and emphasis on intravenous lipids.
• Enteral nutrition is not only without harm but may be of great 

importance in mitigating the intestinal induced systemic inflammatory 
response.

• Do every effort to resort to freshly expressed maternal milk





• Overall, necrotising enterocolitis is rare in term and near-term babies 
receiving therapeutic hypothermia and might be less common in 
babies who were fed during therapeutic hypothermia. The 
introduction of enteral feeds in term and near-term babies during 
therapeutic hypothermia appears to be safe and might be associated 
with benefits, including a higher proportion of babies breastfeeding at 
discharge, and shorter length of neonatal unit stay



• ).Mild to moderate hypothermia is known to be protective against 
intestinal ischaemia reperfusion injury(17). There is strong 
experimental evidence that HT ameliorates liver energy failure(18), 
attenuates lung neutrophil infiltration(19), preserves cardiac 
metabolism(20) and prolongs survival(18) when moderate HT is 
applied after intestinal ischemia reperfusion. Therapeutic 
hypothermia is, in fact, now being explored as a treatment option 
following NEC(21). However, NEC is a main concern following HIE. In 
our study, no cases of NEC were observed.



Glucose as the Primary Metabolic Fuel for Brain

• The role of glucose as the primary fuel for the production of chemical energy 
and the maintenance of normal function in the mature brain are supported by 
three main facts.26,28,37,38 First, the respiratory quotient (i.e., carbon 
dioxide output/oxygen uptake) of the brain is approximately 1, a finding 
indicating that carbohydrate is the major substrate oxidized by neural tissue. 
Glucose is the only carbohydrate extracted by the brain in any significant 
quantity. Second, cerebral glucose uptake is almost completely accounted for 
by cerebral oxygen uptake. Third, central nervous system function is rapidly 
and seriously disturbed by hypoglycemia

Terrie E. Inder , Joseph J. Volpe Hypoxic-ischemic and related disorders :Pathophysiology: General Principles VOLPE’S 
NEUROLOGY OF THE NEWBORN, SIXTH EDITION
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• It is now clear that hypoxic-ischemic insults may lead to necrosis or 

apoptosis, or more commonly a continuum, dependent principally on 
the severity of the insult and the maturational state of the cell.



Glucose

• The primary determinant of weight gain in the neonate is energy intake, as 
carbohydrate and fat, that exceeds resting energy expenditure in a protein-
sufficient environment. Carbohydrates, particularly glucose, are the main fuel 
source for the brain. The human has a peculiarly high brain energy demand 
among mammals, accounting for an estimated 50% of total body oxygen 
consumption.

Sara E. Ramel · Michael K. Georgieff  Preterm Nutrition and the Brain Koletzko B, Poindexter B, Uauy R (eds): Nutritional Care of Preterm 
Infants: Scientific Basis and Practical Guidelines. World Rev Nutr Diet. Basel, Karger, 2014, vol 110, pp 190–200 (DOI: 10.1159/000358467)



• d. The ATP generated by the citric acid cycle and the electron 
transport system is transported from the mitochondrion by a specific 
carrier and ultimately is used in the brain primarily for transport 
processes (especially of ions and neurotransmitters for impulse 
transmission and for the prevention of dangerous increases thereof; 
e.g., extracellular glutamate, cytosolic Ca2+ ) and for synthetic 
processes (especially of neurotransmitters, but also lipids and 
proteins, particularly in the developing brain). The principal ions 
involved in ATP consumption are sodium (Na+ ), potassium (K+ ), and 
Ca2+ ; in the adult brain (under normal conditions), approximately 
60% to 75% of ATP is used for maintenance of membrane gradients of 
these three ions, especially Na+ and K+ 



FOLLOW UP



•Follow up
All neonates with an identified AKI episode should have longitudinal 
follow-up. 
KDIGO guidelines recommend patients with a history of AKI have a CKD 
evaluation 3 months after their AKI event 



•Follow up
Chaturvedi et al. recommends screening of all patients with history of 
AKI for HTN and albuminuria at least annually, with more invasive 
testing (e.g., SCr) recommended for patients at higher risk (e.g., more 
severe AKI, KDIGO stages 2 and 3)



a Total kidney volume Z-scores at age 10–12 years according to neonatal AKI-status, shown with mean and 95% CI bars. b Individual FGF 23 levels 
in pg/ml at age 10–12 years according to neonatal AKI-status, shown with median and IQR bars. AKI, acute kidney injury; FGF, fibroblast growth 
factor; IQR, interquartile range. No significant difference was detected between the two groups for either variable











•
Perinatal asphyxia is the condition resulting from lack of oxygen (hypoxia) or lack of perfusion (ischemia) to fetus or 
newborn to cause various organ dysfunction of sufficient magnitude and duration (1). The burden of birth asphyxia in 
neonates is so high that every hour 104 children die due to the disease, and the condition is alarming in India as 
between 250,000 to 350,000 infant deaths are reported annually, mostly within the first three days of life (2). The birth 
asphyxia affect almost every organ of the body and the most frequently affected organs are kidneys (50%), central 
nervous system (28%), cardiovascular (25%) and pulmonary system (23%) (3). In absence of perinatal record, it is very 
difficult to diagnose and grade the asphyxia after delivery (4),(6). There is a need to identify neonates with asphyxia 
who will be at risk for hypoxic ischemic encephalopathy and multi-organ dysfunction. Kidney is one of the most 
important organs commonly involved in the multiple organ dysfunction caused by perinatal asphyxia. Renal injury in 
birth asphyxia is a potential consequence of an adaptive mechanism (6). Amongst the recognised complications, Acute 
Renal Failure (ARF) is the most common and carries a poor prognosis and even 40% of survivors may develop 
permanent renal damage (7). The novelty of this study is that it compared renal dysfunction in different stages of HIE 
(Levene staging) and also assessed the renal function on postnatal day 1, 3 and 10. Literature regarding comparison in 
HIE staging is not much and very few studies have shown the renal derangement as the disease progresses (8),(9). We 
should keep a high index of suspicion of renal dysfunction in asphyxiated neonates. By this way, we can recognise 
early derangements of renal function in asphyxiated neonates according to their HIE stage which can be helpful in 
management of perinatal asphyxiated neonates, so we can reduce the mortality and morbidity in perinatally 
asphyxiated term neonates. Hence, the present study was conducted with an aim to study renal functions in perinatal 
asphyxia and various stages of HIE in term neonates.

https://www.ijnmr.net/article_fulltext.asp?issn=0973-709x&year=2020&month=July&volume=8&issue=3&page=PO07%20-%20PO11&id=2271
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• Renal oximetry for early acute kidney injury detection in neonates with hypoxic ischemic encephalopathy receiving 
therapeutic hypothermia

• Jennifer A. Rumpel, Beverly J. Spray, Adam Frymoyer, Sydney Rogers, Seo-Ho Cho, Saritha Ranabothu, Richard Blaszak, Sherry E. 
Courtney & Valerie Y. Chock

• Pediatric Nephrology volume 38, pages2839–2849 (2023)Cite this article
• Abstract
• Background
• Neonates with hypoxic ischemic encephalopathy (HIE) receiving therapeutic hypothermia are at high risk of acute 

kidney injury (AKI).
• Methods
• We performed a two-site prospective observational study from 2018 to 2019 to evaluate the utility of renal near-infrared 

spectroscopy (NIRS) in detecting AKI in 38 neonates with HIE receiving therapeutic hypothermia. AKI was defined by a 
delayed rate of serum creatinine decline (< 33% on day 3 of life, < 40% on day 5, and < 46% on day 7). Renal saturation 
(Rsat) and systemic oxygen saturation (SpO2) were continuously measured for the first 96 h of life (HOL). Renal 
fractional tissue oxygen extraction (RFTOE) was calculated as (SpO2 −Rsat)/(SpO2). Using renal NIRS, urine 
biomarkers, and perinatal factors, logistic regression was performed to develop a model that predicted AKI.

• Results
• AKI occurred in 20 of 38 neonates (53%). During the first 96 HOL, Rsat was higher, and RFTOE was lower in the AKI 

group vs. the no AKI group (P < 0.001). Rsat > 70% had a fair predictive performance for AKI at 48–84 HOL (AUC 0.71–
0.79). RFTOE ≤ 25 had a good predictive performance for AKI at 42–66 HOL (AUC 0.8–0.83). The final statistical 
model with the best fit to predict AKI (AUC = 0.88) included RFTOE at 48 HOL (P = 0.012) and pH of the infants’ first 
postnatal blood gas (P = 0.025).

• Conclusions
• Lower RFTOE on renal NIRS and pH on infant first blood gas may be early predictors for AKI in neonates with HIE 

receiving therapeutic hypothermia.

https://link.springer.com/article/10.1007/s00467-023-05892-3
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Timeline of the history of EPO in the context of its discovery, hypoxia-induced signalling processes (and the 
associated Nobel Prize), its use in animal studies on perinatal hypoxia-ischemia (HI) and its use in clinical 
trials on neonatal hypoxic-ischemic encephalopathy (HIE).





• Neonates with perinatal asphyxia, also known as HIE, often develop 
multiorgan failure, which impacts virtually every organ system. AKI has 
been shown to occur commonly in infants with HIE with an incidence 
ranging from 38 to 72% (27–32). In a single center study of 96 neonates 
with HIE undergoing therapeutic hypothermia, AKI occurred in 38% of 
neonates and independently predicted prolonged duration of mechanical 
ventilation and NICU stay (28). In a follow-up study, AKI during therapeutic 
hypothermia was found to be associated with the development of 
abnormal magnetic resonance imaging (MRI) findings at 7–10 postnatal 
days (33). The impact of therapeutic hypothermia on the incidence of AKI 
in HIE remains unclear, with trials and retrospective studies demonstrating 
conflicting results (34, 35).
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ADVANCES IN DIAGNOSIS, PREVENTION AND MITIGATION, AND TREATMENT OF SEQUELAE

• There are currently no proven treatments for established AKI. Despite 
multiple clinical trials across critical care nephrology, no therapeutic 
interventions have been shown to be effective in patients once AKI 
has occurred. As a result, efforts to advance the field have shifted 
toward improved diagnostics, prevention and mitigation strategies, 
and treatment of sequelae in neonatal AKI.



Epidemiology of high risk populations for neonatal acute kidney injury







• Neonatal acute kidney injury (AKI) used to be an under-recognized 
morbidity among neonates. Single-center studies1–3 and reports 
from a recent multicenter study, Assessment of Worldwide Acute 
Kidney Injury Epidemiology in Neonates (AWAKEN), suggest that AKI 
occurs in up to 30% of critically ill neonates admitted to the neonatal 
intensive care unit (NICU) who receive intravenous (IV) fluids for at 
least 48 h. Neonates with AKI have 4.6 times higher independent 
odds of mortality.4









• Neonates with hypoxic–ischemic encephalopathy (HIE) are at high risk of 
acute kidney injury (AKI) with several reports of an incidence as high as 
40%.1–3 Antenatal and postnatal hypoxia, hypotension, and use of 
nephrotoxic medications may contribute to ongoing renal insult. The 
occurrence of AKI in neonates with HIE is an independent risk factor for 
adverse outcomes, including prolonged mechanical ventilation, prolonged 
length of hospital stay, injury on magnetic resonance imaging (MRI), and 
increased risk of long-term neurodevelopmental impairment.1,4–6



• Theophylline and aminophylline (the ethylenediamine salt formulation of 
theophylline and same active molecule) are potentially targeted therapeutic 
agents for AKI through action as non-selective adenosine receptor 
antagonists. During hypoxia/ ischemia, intrarenal vasoconstriction occurs as a 
consequence of higher adenosine levels with a subsequent reduction in renal 
blood flow and fall in glomerular filtration rate (GFR) and filtration fraction.8 
In newborn animal models, administration of low-dose theophylline 
prevented hypoxemia-associated reductions in GFR and filtration fraction.8,9 
Theophylline or aminophylline for renal protection has been studied in 
infants with congenital heart disease after cardiac surgery,10,11 neonates on 
extracorporeal membrane oxygenation support,12 and preterm infants with 
apnea of prematurity,13,



• However, the physiologic effect of theophylline on renal function in the HIE 
population remains unclear. Neonates being cooled for HIE with AKI have 
higher renal saturation measures compared to those without AKI,15 possibly 
reflecting decreased extraction of oxygen by an injured kidney. Theophylline 
may increase renal blood flow post-hypoxic insult and lead to improved renal 
saturation measures.



• In single-center, randomized controlled trials, a single dose of theophylline 
shortly after birth has also been shown to improve UOP and reduce the 
incidence of severe renal dysfunction in neonates with severe perinatal 
asphyxia.16–20 Based on available evidence, the 2011 Kidney Disease 
Improving Global Outcomes (KDIGO) guidelines suggest a single dose of 
theophylline to be considered for prevention of AKI in the HIE population 
(moderate quality of evidence).21 However, all theophylline clinical studies 
to date were conducted before the widespread use of therapeutic 
hypothermia (whole-body cooling) for HIE, and the therapeutic benefit of 
theophylline (or aminophylline) in the context of hypothermia remains 
unknown.















• Acute kidney injury (AKI) is a common occurrence in the neonatal 
intensive care unit (NICU). 

• In recent years, our knowledge of the incidence and impact of 
neonatal AKI on outcomes has expanded exponentially. 

• Neonatal AKI has been shown to be associated with adverse 
outcomes including increased length of mechanical ventilation, 
prolonged length of stay, and rise in mortality. 

• There has also been increasing work suggesting that neonates with 
AKI are at higher risk of chronic kidney disease (CKD).



• Acute kidney injury (AKI) is it common?
• Is it increasing?
• Is it benign? 
• Does it have long term consequences?
• Is it avoidable?
• Is there any specific treatment?In recent years, our knowledge of the 

incidence and impact of neonatal AKI on outcomes has expanded 
exponentially. Neonatal AKI has been shown to be associated with 
adverse outcomes including increased length of mechanical 
ventilation, prolonged length of stay, and rise in mortality. 



• . In the past, AKI had been defined multiple ways. 
• The utilization of the neonatal modified Kidney Disease: Improving 

Global Outcomes (KDIGO) criteria as the standard definition for 
neonatal AKI in research and clinical care has driven the advances in 
our understanding of neonatal AKI over the last 10 years. 

• This definition has allowed researchers and clinicians to better 
understand the incidence, risk factors, and outcomes associated with 
neonatal AKI across populations through a multitude of single-center 
studies and the seminal, multicenter Assessment of Worldwide Acute 
Kidney Injury Epidemiology in Neonates (AWAKEN) study.



• identifying those at highest risk, protocolizing AKI surveillance, 
improving prevention and diagnosis, and expanding kidney support 
therapy (KST) for neonates has occurred. These efforts also include 
improving risk stratification (identifying high risk populations, 
including those with nephrotoxic medication exposure) and 
diagnostics (novel biomarkers and diagnostic tools).



• identifying those at highest risk, 
• protocolizing AKI surveillance, 
• improving prevention 
• improving diagnosis, and 
• expanding kidney support therapy (KST) for neonates has occurred. 
• These efforts also include improving risk stratification (identifying high 

risk populations, including those with nephrotoxic medication exposure)  
• diagnostics (novel biomarkers and diagnostic tools).




