International Journal of Scientific Research in Modern Science and Technology
ISSN: 2583 -7605 (Online)

© IJSRMST | Vol. 4 | Issue 10 | October 2025

Available online at: https://ijsrmst.com/

DOI: https://doi.org/10.59828/ijsrmst.v4i10.379

A REVIEW OF NEONATAL HYPOXIC
ISCHEMIC ENCEPHALOPATHY A
NEUROLOGICAL DISORDER

Dr. Nallajerla Saikrishna'*, Dr. Srinivasu Matta’, Bhavya Sri Adireddy?, Jayalakshmi

Challapalli?, Anand king Tadepalli’, Anusha sade?, Jayasurya Kundavarapu®.
Principal & Professor, A.K.R.G. College of Pharmacy, Nallajerla, Nallajerla, AP, India
?Students Department of Pharmacology A.K.R.G. College of Pharmacy, Nallajerla, AP, India
3Professor & HOD, Sri Vasavi Institute of Pharmaceutical Sciences, Tadepalligudem, A.P, India

*Corresponding author Email: saikrishnampharm@gmail.com

ABSTRACT

Hypoxia is a condition characterized by a deficiency of oxygen in the body or a specific organ or tissue,
leading to various physiological and pathological effects. HIE is particularly common in newborns, known as
Neonatal Hypoxic Ischemic Encephalopathy (NHIE). Intrapartum hypoxic events are a major contributor to neonatal
mortality, accounting for approximately one in five neonatal deaths worldwide, with an estimated 717,000 deaths in
recent decades. Hypoxic Ischemic Encephalopathy (HIE) is a leading cause of long-term neurological disability in
neonates and adults due to inadequate blood and oxygen supply to the brain. Several factors like perinatal hypoxia,
hemodynamics, poor perfusion rate, placental abnormalities, labour and multiple organ dysfunctions are included in
the development of disorder. Understanding the underlying brain damage mechanisms is crucial for early detection
and development of effective treatment strategies for high - risk patients. This review begins by discussing HIE,
emphaisaising the broad array of other causes for neonatal encephalopathy, the epidemiology, neurologic
presentations, diagnostics, and therapeutic strategies for HIE.
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INTRODUCTION

Hypoxic Ischemic Encephalopathy (HIE) is the primary etiology of chronic neurological impairment in both
newborns and adults. HIE accounts for around 15% to 35% of all newborn encephalopathy cases in late preterm and
full-term infants.[1,2] The phrase "neonatal encephalopathy” merely describes the neurological condition of the infant,
being indifferent to the underlying etiology. There are an estimated 2 to 6 cases of neonatal encephalopathy for every
1000 full-term babies[3]. Encephalopathy in newborns is a wide term for brain malfunction that shows up as a change
in mental status and an abnormal neurological exam. Hypoxic ischemic Encephalopathy is a specialized diagnostic

that only applies when a newborn has encephalopathy which is known or strongly suspected to be caused by a lack of
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oxygen and blood flow [4]. Altered mental status (including agitation, decreased responsiveness, lethargy, or stupor),
respiratory depression, aberrant tone and/or movements, abnormal reflexes, and seizures. People sometimes use NE
(Neonatal Encephalopathy) and HIE (Hypoxic-Ischemic Encephalopathy) to talk about a full-term baby who has an
abnormal neurological exam at delivery and signs of perinatal hypoxic-ischemic encephalopathy [4]. Physicians who
care for neonates must be familiar with the numerous causes of this condition. Approximately 24% of such patients
die in the neonatal intensive care units (NICU). Of the surviving newborns about 10—20% have cerebral palsy, about
40% have eye sight or hearing loss and motor and behavioural damages are diagnosed in the form of epilepsy, global

developmental delay and autism [5,6].
CLASSIFICATION

Hypoxia-ischemic encephalopathy (HIE) is a form of brain damage that occurs when an infant’s brain does
not receive enough oxygen and blood. It is divided into three grades [7] The classification was based on the
sympotoms like level of consciousness, spontaneous activity, muscle tone, posture, stretch reflexes, reflex actions,
cognition, and occulo vetibular and autonomic functions like respiratory rate and pupil reflexes etc.

a. Mild HIE — Baby might be a bit drowsy or fussy but typically does well with little or no lasting issues.

b. Moderate HIE: The baby may be unable to move, feed, or breathe easily and may require special care.

Some long-term issues may occur.

c. Severe HIE: The baby has serious issues such as seizures, diminished reflexes, or comas. A long-term

disability or even death is highly probable.
EPIDEMIOLOGY

The effect of hypoxic ischemic encephalopathy in various countries ranges about 1.5-2.5 per 2000 births .
Though neonatal encephalopathy (NE) has historically been the cause of around 1 million infant fatalities yearly, the
prevalence is significantly higher in developing and low- and middle-income nations. NE was responsible for 11% of
mortality in children under five in 2019 (567,000 deaths, 95% UI: 476,000-673,000), according to recent estimates
[8,9]. There are several detrimental neurological outcomes that can arise from hypoxic-ischemic encephalopathy
(HIE), including cerebral palsy (CP), cognitive, neurodevelopmental, and neuromotor impairments, epilepsy, hearing
and vision impairments, as well as intellectual, behavioral, and social disorders [10].In its severe form, HIE is strongly
associated with increased neonatal mortality. A variety of maternal, fetal, placental, perinatal, and neonatal factors
may contribute to its onset, and the condition can develop before, during, or after birth [12,13].

The incidence of HIE is reported to range between 1 and 8 per 1000 live births in developed nations, whereas
in underdeveloped regions it may reach up to 26 per 1000 live births. Mortality has been estimated at 10% among
infants with moderate HIE and as high as 85% in those with severe HIE. Likewise, long-term neurological disabilities
were observed in approximately 30% of moderate cases and 75% of severe cases[14]. Globally, more than 750,000
infants are believed to develop moderate to severe HIE annually, with over 400,000 of them suffering permanent
neurodevelopmental impairment. Consequently, HIE is recognized as a leading cause of early-life disability and
accounts for nearly one-tenth of the global disability-adjusted life years (DALYSs)[15].

A study conducted at tertiary care centre in Bhilai, chattisgarh on 180 babies admitted with birth defects asphyxia
among them 33 babies had abnormal cranial findings has reflected hypoxic ischemia[16]. Likewise, a study carried
out at NICU Jaipur on 52 infants has reported with hypoxic ischemia revealed the prevalence of this disorder[17].

Studies carried out at National neonatal collaborative multicentre cohort study and Nalanda medical college, Hospital,
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Patna also reported similar hypoxic cases in infants. Overall, the incidences of this disease were found to be frequent

and some found to be common occurrence in many of the infants.
CLINICAL SIGNS

Damage to the brain and associated neurological structures like neuroglia, white and grey matter is noticed in the
disease. Half of newborns with HIE pass away in their early years, and 25% of those who survive develop long-term
neurological aftereffects and disabilities, such as cerebral palsy, seizures, and learning and intellectual problems.
abnormal EEG patterns and changes in mental state, such as drowsiness, agitation, or stupor. The affected group of
people also exhibit abnormal reflexes, respiratory depression, cognitive impairment, and motor impairment[18,19] .
Blue or pale colour of the skin along with organ dysfunction can be noticed in the severe cases. Metabolic acidosis can
alter the pH of the blood. Ischemic changes can be identified while evaluation of brain tissues. This disorder is also
characterised with low birth weight and gestational periods Mostly children are associated with seizures and
intracerebral haemorrhages [20]. The need to spend in the NICU for prolonged period can be noticed and, in some
instances, deaths are even reported. Approximately 40-50% of people who have survived moderate to severe HIE
have neurodevelopmental disorders, including as intellectual disability and cerebral palsy. [22, 21]

Hypoxia for one minute can cause convulsions, Unconsciousness and abolished pupillary reflex.
Hypoxia for two minutes can develop mydriasis, the abolition of corneal reflex

After five minutes Damage to the brain cortex that cannot be reversed

YV V V VYV

15 minutes later Permanent harm to the brain stem and spinal cord
PATHOPHYSIOLOGY

The manifestations of HIE include brain dysfunction and the exact cause is still not identified. While the exact
cause is not always identified. Hypoperfusion and insufficient oxygen supply to neuronal cells was found to be the
major cause of the disease. Occurrence of this event during the maturation of the brain can cause the HIE. The
manifestations of perinatal HIE in early postnatal life include abnormal fetal heart rate tracings, poor umbilical cord
gases (pH < 7.0 or base deficit > 12 mmol/L), low APGAR scores, presence of meconium stained fluid, or the need
for respiratory support within the first several minutes of postnatal life[23,24]. Several factors like cord prolapse,
uterine rupture, abruptio placenta, placenta previa, maternal hypotension, breech presentation, or shoulder dystonia
might be the reasons for the occurrence of HIE. The disorder seems to be multifactorial in which many of the factors
seems to impair cerebral blood flow and oxygen delivery to the brain. The disorder was associated with loss of
primary and secondary energy systems in the brain. Primary energy failure occurs as a result of the initial reduction of
cerebral blood flow[25,26]. The impairment of cerebral blood flow leads to decreases in oxygen and glucose, which
leads to significantly less energy (adenosine triphosphate (ATP) and increased lactate production. The lack of ATP in
cell impairs many mechanisms which maintain the cell integrity. Secondary energy failure phase occurs 6 to 48 hours
after the initial injury. The exact mechanisms of secondary energy failure remain unclear but appear to be related to
oxidative stress, excitotoxicity, and inflammation[27,28]. The pathophysiological mechanisms of the HIE is associated
with the development of necrosis and the release of inflammatory mediators which were found to be the crucial factors
for the development of HIE. From the literature survey it was noticed that immature are associated with apototic
neuronal death and necrotic cell death was predominated in mature brains[29]. There is a imbalance between
hemodynamics and pulmonary circulations which can cause hypotension metabolic acidosis hypotension, and
maintenance of adequate ventilation. Sometimes organ dysfunctions like renal failure. Though oxygen deprivation is

the major cause consequent reperfusion injury often deteriorates the brain metabolism by increasing the oxidative
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stress damage. A large excess of ROS will straight forwardly change or degenerate cell macromolecules, like
membranes, proteins, lipids, and DNA, and lead to a cascading inflammatory reaction, and protease secretion. There
even causes increase in extracellular glutamate, excessive activation of glutamate receptors (excitotoxicity), increase
in cytosolic calcium (Ca?"), is observed along oxidative stress. The seriousness of the HIE depends upon the duration
of the event encephalopathy and severity of hypoxia like mild, acute and chronic hypoxia[30,31]. Miscellaneous
factors can include maternal infection, medication or substance use, hypertensive disorders (pregnancy-induced
hypertension, preeclampsia, chronic hypertension or HELLP syndrome), maternal obesity, birth trauma and
abnormalities on antenatal ultrasound, or history of recurrent miscarriages or consanguinity or a family history of

genetic disorders[32,33].
CLINICAL DIAGNOSIS

A thorough examination of the mother's health and family background, the pregnancy, the labor, and the
delivery of the borne child. Fetal heart rate anomalies that are compatible with exposure to hypoxemia during birth
should be ruled out, as should perinatal sentinel episodes (such as placental abrusion, shoulder dystocia, and
umbilical cord prolapse).Supervision of the APGAR (Appearance, Pulse, Grimace, Activity, and Respiration) score
help in diagnosis of the disease APGAR scores less than <5 at 10 min after birth and being encephalopathic soon after
birth suggest hypoxia-ischemia (HI) as the likely cause for the neonatal encephalopathy[34,35]. In most incidences
babies with HIE are born with less weight and gestational age. General neuralogical examinations must be performed
to confirm the incidence of the disease. An electroencephalogram (EEG) or amplitude integrated EEG (aEEG)
showing aberrant brain activity is appropriate for confirming the presence and severity of encephalopathy, as can a

clinical neurological examination (such as the Sarnat neuro exam or Thompson score)[36].
Neurological findings of HIE

Neurodevelopmental results are delayed when cognitive and behavioral difficulties are linked to structural
abnormalities of the brain, such as decreased brainstem capacity, increased ventricular size, and decreased corpus
callosum volume. The thalamus and basal ganglia's abnormal signal intensities are a substantial predictor of severe
NHIE and poor neurodevelopmental outcomes between 18 and 24 months [37, 38]. Lesions in these deep brain areas
are important markers of aberrant neurodevelopment. Additionally, MRI studies showed notable alterations, such as
anomalies in axonal structures like the corpus callosum and decreased white matter integrity. Basal ganglia and
thalamic changes were reported and found as the reason for motor impairment in HIE. The earlier literature also
revealed the changes in signal intensity of the HIE brains. The same was revealed in the study conducted on 57
infants[39]. One study demonstrated that T1-weighted MRI can help distinguish hypoxic-ischemic cerebral changes
from normal myelination in neonates by comparing signal intensities across brain regions. Infants with HIE showed
higher signal intensity in the posterolateral putamen and peri-Rolandic cortex, and lower intensity in the posterior limb
of the internal capsule and corona radiata. These regional differences provided good predictive value for identifying
hypoxic-ischemic injury, highlighting the vulnerability of myelinated neurons[40]. MRI studies also showed lesions in
the neocortex involving the deeper regions of the brain. gradual loss of neurons at the pontine level of the
corticospinal tract, as well as hyperintensity in the ipsilateral internal capsule and cerebral peduncle, as well as
declines in the apparent diffusion coefficient (ADC). This studies also make evident of characteristic lesions in the
Basal ganglionic thalamic regions of brain which lead to motor impairment in HIE group of people. The CT-scan

studies of the brain showed the loss of grey and white matter differentiation along with cerebral edema. Even diffuse
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densities are observed at different regions of hippocampus, cerebrum, cerebellum and thalamus. CT studies also show

reversal sign in severe cases particularly observed in children[41,42].
ADULT CASE REPORT OF HIE

Hypoxic-ischemic encephalopathy (HIE) is a common and serious neurological condition in adults.This neurovascular
and neurometabolic illness has even happened in adults, resulting in hypotension, cardiac arrest with successful
resuscitation, and carbon monoxide poisoning. There is a large body of literature showing the neurological, cognitive,
behavioral, and psychosocial consequences of hypoxic ischemic brain injury (HIBI). Parkinsonism, dystonia,
seizures, a reduction in processing speed, memory, executive function, and depression have all been described in this
patient population. According to the literature, a large number of adult cases have been reported with HIE. Both the
males and females were affected the ratio is more in males compared to females which may be due to smoking and
alcohol abuse and related to cardiac diseases. The occurrence of this disease globally was found to be 86 percentage
and deaths are reported in almost 65 percent of the cases. Studies carried out Germany, USA. Canada, in respective
tertiary care hospitals has witnessed the incidence of the disease in adults. A cohort study conducted at the National

Rehabilitation Centre reported the occurrence of the disease in adults aged 18-35 years[43,44].

THERAPIES AND PREVENTIVE MEASURES

Therapies under new development for Neonatal HIE
XENON

Xenon is an odourless noble gas used as an anaesthetic with strong neuroprotective effects in hypoxic —
ischemic encephalopathy (HIE). At concentration below 50%, it can reduce brain injury, especially when combined
with therapeutic hypothermia. Xenon works mainly by blocking NMDA receptors, preventing excitotoxicity, and
activating potassium channels, while also promoting antiapoptotic and protective protein. It has been shown effective
in cell, rodent, and pig models, but its clinical use is limited by high cost, scarcity, and the need for specialized closed-
circuit delivery systems. In preclinical studies, xenon up-regulates anti-apoptotic proteins (Bcl2) and the Bcl-xl
mitochondrial membrane molecule, modulates pro-inflammatory cytokinel levels (TNF-a), thus decreasing
inflammatory, and increases growth factor (VEGF), leading to reduce cell death and enhanced repair. Xenon
combined with TH in a P7 rat HI model improve behavioural outcomes assessed through staircase tests and open
fields tests, demonstrating enhanced cognitive and motor function. This influencing recovery mechanisms in various

neurological conditions[45].
GLUCOCORTOCOIDS

Glucocorticoids, which regulate function such as blood pressure, immunity, metabolism, and inflammation,
have also demonstrated neuroprotective potential neonatal hypoxic — ischemic (HI) brain injury when
administered intracerebroventricularly or intranasally. A protective, randomised, double-blind, placebo-controlled
phase 1/2 trail (NCT02700828) evaluated the effect of low-dose hydrocortisone (0.5mg/kg) in asphyxiated newborns
with volume — resistant hypotension undergoing hypothermia therapy. Participant received four doses over 24hours,
alongside conventional inotropic support, for up to 72hours. The results showed that a significantly higher proportion
of infants in the hydrocortisone group achieved at least a SmmgHg rise in mean arterial pressure within two hours
compared to placebo (94% vs. 58%, p=0.02). Hydrocortisone also reduced the need for inotropes suggesting its

efficacy in stabilizing blood pressure during hypothermia treatment in HIE neonates[46].
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TOPIRAMATE

An authorized anti-epileptic medication with neuroprotective properties topiramate (TPM). It works by
antagonizing glutamate receptors, increasing the inhibitory effect of GABA receptors, and selectively blocking
voltage- dependent sodium channel. TPM has demonstrate promise as a possible treatment for seizures in neonate with

HIE, despite its primary use as an adjuvant drug for other safe and effective it’s for treating neonatal HIE[47].
Neurodegenerative Therapies for Hypoxic -ischemic Encephalopathy

Current treatments for hypoxic ischemia episodes are inadequate in preventing neurological outcomes,
highlighting the need for safe and effective therapeutics to restore impaired tissue function. The new approach aims to
create neurodegenerative treatments, such as levodopa, to enhance dopamine and alleviate motor symptoms in HIE.
Physical and occupational therapy, including exercises, gait training, and assistive devices, can improve functional
independence and quality of life. The FDA approved four cholinesterase inhibitors (ChE-Is) and one NMDA receptor
antagonist for treating Alzheimer's disease. Current ChE-Is include donepezil, rivastigmine, and galantamine.

Research suggests that they can boost cognitive performance [48].
Mesenchymal stem cells-based therapy

Mesenchymal stem cells (MSCs) can self-renew and specialize into bone, cartilage, and fat cells. They
originate from embryonic stem cells. Beyond this, show neurodegenerative, antiapoptotic, antioxidant, and
immunomodulatory effects, mainly through releasing growth factors like VEGF, Bfgf, NGF, BDNF, and anti-
inflammatory effects, cytokines. Preclinical studies in cell cultures and animals have shown that MSCs promote neural
stem cell growth, increases neuronal survival, and enhance brain repair after hypoxic-ischemic injury for example,
MSCs from human umbilical cord blood improved neural survival in rat brain region, while hypoxic precondition of
MSCs boosted their migration to injury sites, reduced cell death, and activated repair pathway, leading function

recovery[49].
NEUROTROPHIC FACTOR DERIVED FROM BRAIN

The neurotrophic factor derived from brain is a neurotropic that help nerve cell survives, grow, and change
their synaptic structure. The two types of neurotrophic factors are of two types: pro brain neurotrophic derived factor
and mature brain neurotrophic derived factor. They have a stronger affinity for a specific receptor; pro-BNDF
specifically binds to the p75 neurotrophic receptor (p75), which causes proapoptotic signals. Mature BNDF exhibits a
greater affinity for the tropomyosin-related kinase receptor type-B (Tridi), which triggers survival signals through the
mitogen-activated protein kinase/extracellular signal-regulated kinase (MAPK/ERK) and phosphatidylinositol 3-
kinase/akt pathways. The expression of BDNF, ITI receptors, and enzymes involved in BNDF processing rises in the
ipsilateral zone of the lesion after a hypoxic-ischemic event, suggesting that BNDF contributes to HIE recovery.
Neuroregeneration is a key goal in treating HIE. Brain - derived neurotropic factor (NDF) has been shown to promote
neurite regeneration invitro by enhancing neuronal adhesion and forming growth cone -like structure. In HIE models,
BNDF increased syntax in — 1b expression, which supports vesicles, exocytosis, and reduced voltage — dependent
anion of channel protein 1(VDCAL1), both contributing to neuron survival. In animal studies, intraventricular
administration of BNDF with epidermal growth factor (EGF) boosted new neuron formation in the subventricular
zone and striatum, increased B-3 tubulin expression in the neostriatum, and improved motor performance compared to

control[50].
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Gonadotrophin — Releasing hormone Agonist

A decapeptide called GnRH is generated by hypothalamus neurons and stimulates the pituitary gland to create
and secrete follicle-stimulating hormone and luteinizing hormone, two essential hormones for mammalian
reproduction. Because GnRH has a half-life of less than 10 minutes, GnRH receptors are known to function as both
autocrine and paracrine regulators in different tissues. A member of the G-protein coupled receptor family, the GnRH
receptor is primarily expressed in the adenohypophysis but has also been identified in the hippocampus, spinal cord,
anterior cingulate cortex, motor cortex, lateral septal nucleus, amygdala, and hypothalamus. Due to its
immunomodulatory and neuroregenerative qualities, GnRH agonist may be a new treatment for HIE. It has also been

found in breast, prostate, and adrenal tissue cancer cells. [51]
DISCUSSION

This article offers a comprehensive overview of Hypoxia Induced Encephalopathy (HIE), but a deeper
discussion is needed to highlight the complexities of this condition. The occurrence of the disease is multifactorial like
genetic, lifestyle, cardiovascular and respiratory challenges were included. Symptoms of the disease overlap each
other affecting the precise diagnosis of the disease. HIE can leads to the number of the neurological disorders like
parkinsonism, Alzheimer’s, cerebral palsy[21]. The disorder can cause life threatening conditions like
unconsciousness, coma, The article emphasizes that HIE leads to long-term neurological disabilities like cerebral
palsy and developmental delays[5]. This underscores that HIE is not just an acute event but a chronic condition
requiring lifelong management. The vulnerable population of this group consists of mostly neonates. Many of the
perinatal causes gestational age and predetermined births, labour and caesarean procedures can indulge in the
development of HIE in neonates. Neonates with APGAR scores less than 7 are considered as more risk for the
development of HIE[23]. The severity of the disease is more there is a Global impact the incidence of HIE in full-term
live infants ranges from 1 to 8 per 1000, and even in developed countries, the incidence is 1.5 to 2 per 1000. Around
400,000 babies develop neurodevelopmental disorders caused by HIE worldwide each year. HIE affects about 100,000
infants each year in China[8,36]. This emerging condition can be avoided by avoiding the risk factors at gestational
age with regular diagnosis and supervision of physician. The disorder can be acute and chronic several conditions like
diabetes, obesity, tumours, cardiac obstructions and hemodynamic properties of blood flow can induce the chronic
HIE. The use of therapeutic agents like neurodegenerative modulators, physical and occupational therapies nay
improve the condition. Certain neurotransmitters like dopamine deficiency must be treated with agents like levodopa
and administration of corticosteroids can prevent inflammatory mediators of the disease. Symptomatic treatment in
HIE is always a challenging factor. Improvement in motor coordination, cognition and memory can be done by
enhancing the levels of neurotransmitters and signal intensities. The review of novel therapies like Xenon and stem
cell-based treatments is promising. However, a significant gap exists between preclinical research and widespread
clinical application due to challenges like cost and safety concerns. For example, while mesenchymal stem cells show
promise in animal models for neuroregeneration, their use in humans is still in early stages. Therefore, current
standard of care, primarily therapeutic hypothermia, remains the cornerstone of treatment for moderate to severe HIE.
Future discussions should focus on how these new therapies can be integrated with existing treatments to improve

patient outcomes, rather than replacing them entirely.
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CONCLUSION

In conclusion Neonatal hypoxic ischemia is a neurodegenerative disorder found to be most frequent occurrence

in the Neonates. The disease has a global impact on the neonates with high rate of the death. Multiple factors like

perinatal status, genetic and neonatal traumatic conditions were included. It is one of the major factors for poor neuro

development, abnormal behaviour, lack of cognition, memory, intelligence and some motor disabilities in the

neonates.
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