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ABSTRACT 

 

Background: Hypoxic-ischemic encephalopathy (HIE) remains a major cause of neonatal 

mortality and long term neurodevelopmental impairment worldwide. Therapeutic hypothermia 

(TH) is currently the standard of care for newborns with moderate-to-severe HIE; however, 

several aspects of its use remain controversial.  

Aim: The aim of this paper is to present the current state of knowledge regarding the use of 

therapeutic hypothermia in newborns with HIE with particular emphasis on mechanisms of 

action, eligibility criteria, course of therapy, clinical efficacy and adverse effects, as well as to 

discuss current controversies and directions for further research.  

Material and methods: A narrative literature review was conducted using the PubMed 

database to identify studies on therapeutic hypothermia in newborns with hypoxic-ischemic 

encephalopathy. Publications from the past 11 years were included with particular emphasis on 

studies published within the last 5 years. Relevant original articles and review papers focusing 

on clinical outcomes and effectiveness were analyzed.  

Results: Therapeutic hypothermia reduces the risk of death and severe neurodevelopmental 

disability in newborns with moderate and severe HIE. Its neuroprotective effects are associated 

with reduced cerebral metabolism, decreased oxidative stress, modulation of inflammatory 

response, and inhibition of apoptosis. However, its efficacy in mild HIE and in preterm infants 

remains inconclusive. The most common adverse effects include cardiovascular, metabolic, and 

hematological disturbances requiring close monitoring.  

https://orcid.org/0009-0003-0620-8902
mailto:jmkpakulska@gmail.com
mailto:trzepizur.alicja@gmail.com


Conclusions: Therapeutic hypothermia is an effective and relatively safe treatment for HIE; 

however, it does not completely eliminate the risk of neurodevelopmental impairment. Further 

research is needed to optimize treatment protocols, expand its use to other populations and 

evaluate combination therapies.  

 

Keywords: neonatal hypoxic ischemic encephalopathy, therapeutic hypothermia, neonatal 

asphyxia, hypothermia treatment, mild hypoxic ischemic encephalopathy, neonatal 

encephalopathy, therapeutic hypothermia neonatal complications, clinical efficacy of neonatal 

therapeutic hypothermia 

 

1. INTRODUCTION 

 

Hypoxic-ischemic encephalopathy (HIE) remains a serious neonatal problem, being one of the 

leading causes of death and permanent neurodevelopmental disorders in newborns. Therapeutic 

hypothermia (TH) is currently the standard treatment for moderate-to-severe HIE, reducing the 

risk of death and severe neurodevelopmental disability [1]. Despite its documented efficacy, 

there are areas requiring further research, including the use of hypothermia in preterm infants, 

its role in mild forms of encephalopathy, as well as the optimal duration and depth of therapy 

[2]. The development of diagnostic methods is also significant, particularly neuroimaging and 

neurophysiological monitoring, which enable early assessment of brain damage and the 

prediction of future neurological development [3].   

 

2. MATERIALS AND METHODS 

 

This study was conducted as a narrative review of the literature focusing on therapeutic 

hypothermia in newborns with hypoxic-ischemic encephalopathy (HIE). A literature search 

was performed primarily using the PubMed database. To ensure broader coverage, 

bibliographic references from selected journals, such as Journal of Education, Health and Sport; 

Quality in Sport, and Pedagogy; Psychology of Sport were also included. The search strategy 

was based on a combination of keywords and Medical Subject Headings (MeSH), including: 

“therapeutic hypothermia”, “hypoxic-ischemic encephalopathy”, “newborn”, “neonatal 

asphyxia”, and “neuroprotection”. Boolean operators (AND, OR) were applied to refine the 

search and improve relevance. The review included publications from the last 11 years (2015-

2026), with particular emphasis on studies published within the past 5 years to reflect the most 



recent evidence. Both original research articles and review papers were considered. Exclusion 

criteria comprised studies with a narrow scope not directly related to the clinical application of 

therapeutic hypothermia, outdated publications lacking current clinical relevance, non-peer-

reviewed articles and studies not focused on human neonatal populations. In total, 42 narrowly 

focused publications and 28 outdated studies were excluded during the selection process. The 

final selection of studies was based on their relevance to the clinical outcomes, safety and 

effectiveness of therapeutic hypothermia in neonates with HIE. 

 

3. RESEARCH RESULTS 

The research results presented in this section are divided into eleven areas: Epidemiology, 

Pathophysiology of HIE, Sarnat Classification of HIE, Indications and eligibility for therapeutic 

hypothermia, Protocol and Clinical Course of Therapeutic Hypothermia, Newborns born at 35 

weeks of gestation or earlier, Therapeutic hypothermia in mild hypoxic-ischemic 

encephalopathy, Extended, Delayed, and Deeper Therapeutic Hypothermia, 

Neurophysiological and neuroimaging diagnostics, Adverse effects, New areas of research and 

combination therapies. 

3.1. Epidemiology 

 

Hypoxic-ischemic encephalopathy (HIE) results from hypoxia during the perinatal period and 

is one of the leading causes of mortality and neurodevelopmental disorders in newborns. Its 

incidence in developed countries is estimated at approximately 1.5-1.9 per 1,000 live births, 

whereas in developing countries it is significantly higher, reaching 20-30 per 1,000 births [1,4-

6]. The prognosis varies, and mortality ranges from 10% to 60%. A significant percentage of 

children experience permanent neurological sequelae [4-7]. 

 

3.2. Pathophysiology of hypoxic-ischemic encephalopathy 

 

The mechanism of brain damage in the course of perinatal hypoxia is multistage and includes 

primary, latent, secondary, and tertiary phases. Severe hypoxia leads to a rapid reduction in the 

supply of oxygen and glucose, resulting in adenosine triphosphate (ATP) production failure and 

primary neuronal death. In cases of moderate injury, cerebral blood flow is redistributed from 

the cortex and cerebral hemispheres toward critical structures such as the brainstem, thalamus, 



and basal ganglia [8,9]. Once oxygenation is restored, a latent phase begins, typically lasting 

about 6 hours, during which partial regeneration of energy metabolism and a transient 

improvement in cellular function are observed. At the same time, inflammatory processes and 

apoptotic cascades are triggered, leading to further neuronal damage. This period represents a 

critical therapeutic window for the implementation of therapeutic hypothermia, whose effects 

include a reduction in the brain’s metabolic demand, a reduction in oxidative stress, a reduction 

in the inflammatory response, and the inhibition of apoptosis and receptor-mediated 

excitotoxicity [1,8,9]. Following the latent phase, the secondary phase develops, characterized 

by increased oxidative stress, mitochondrial dysfunction, cytotoxic edema, and progressive 

neuronal death, often leading to clinical deterioration and the onset of seizures [1,8,9]. This is 

followed by the tertiary phase, lasting for months, involving processes of neural tissue 

remodeling and delayed neuronal loss [8-10]. 

3.3. Sarnat Classification of Hypoxic-Ischemic Encephalopathy 

The clinical presentation of hypoxic-ischemic encephalopathy (HIE) in term newborns was 

described in Sarnat’s 1976 classification [1,2]. Since 2013, a modified version of this 

classification has been in use, based primarily on clinical assessment, sometimes supplemented 

by amplitude-integrated EEG (aEEG) recording prior to the initiation of therapeutic 

hypothermia [2,11]. Assessment using the Sarnat scale should be performed before treatment 

begins, then every 12 hours during therapeutic hypothermia, and once daily after its completion 

until discharge [3]. The modified classification distinguishes three grades of ENN. The mild 

form typically has a short-term course and is characterized by preserved alertness and normal 

reflexes. The moderate stage involves disturbances of consciousness in the form of stupor, 

hypotonia, and multifocal seizures. The severe form is characterized by profound disturbances 

of consciousness, generalized muscle flaccidity, and loss of brainstem reflexes [1,2,11,12]. 

Electroencephalography, although not a mandatory test, is an important tool to supplement 

clinical assessment. In the mild form, the EEG recording is usually normal; in the moderate 

form, generalized slowing of bioelectrical activity with a predominance of delta waves is 

observed; whereas in severe encephalopathy, an isoelectric or isopotential recording may occur 

[1,2]. Systematic documentation of clinical changes and EEG recordings allows for subsequent 

correlation with neuroimaging results, including brain MRI, and assessment of further 

neurological development [11]. 



Feature  Mild form     Moderate form    Severe form 

Level of 

consciousness 

Alert   Drowsiness Severe impairment of 

consciousness (coma) 

Muscle tone Normal Decreased (hypotonia) Markedly decreased 

(flaccidity) 

Posture Normal Distal flexion, complete 

abduction     

Decerebrate posture 

Neonatal reflexes Normal Weakened Absent (including brainstem 

reflexes) 

Seizures   Absent Present (often 

multifocal) 

May occur or lack 

responsiveness 

Respiration Normal Bradycardia   Variable 

Pupils Normal Constricted Constricted 

EEG Usually 

normal 

Generalized slowing 

(delta waves)    

Isoelectric or isopotential 

Table 1. Sarnat Scale [1-3,11]. 

3.4. Indications and eligibility for therapeutic hypothermia  

The decision to treat a newborn with therapeutic hypothermia is based on meeting three sets of 

criteria: demographic, biochemical, and clinical [13]. Demographic criteria include gestational 

age ≥36 weeks, birth weight ≥1800 g, and the ability to initiate treatment within the first 6 hours 

of life. Biochemical criteria are met if the pH is ≤7.0 or the base deficit is ≥16 mmol/L on blood 

gas analysis performed within the first hour of life (from umbilical cord blood or neonatal 

blood). In cases of borderline values (pH 7.0-7.15 or base deficit 10-15.9 mmol/L) or the 

absence of available blood gas analysis, the presence of an acute perinatal event and an Apgar 

score of ≤5 at 10 minutes of life, or the need for assisted ventilation for ≥10 minutes after birth, 

is additionally required [1,13,14]. Once the above criteria are met, clinical criteria - specifically 

the newborn’s neurological status - are assessed [1,13]. Children with symptoms of moderate-

to-severe hypoxic-ischemic encephalopathy, including abnormal muscle tone, abnormal 

neonatal reflexes (such as sucking and Moro reflexes), and signs of autonomic dysfunction 

(e.g., abnormal pupillary responses, respiratory distress, or bradycardia), meet the clinical 

criteria for therapeutic hypothermia. The occurrence of seizures is a significant marker of 

encephalopathy and may serve as a basis for eligibility after meeting demographic and 



biochemical criteria [1,13,14]. Newborns meeting the above criteria are eligible for therapeutic 

hypothermia treatment [1,13]. Neuroimaging techniques play a supplementary role but their 

diagnostic value is limited during the first 24 hours of life. On transcranial ultrasound, lesions 

usually appear after 24-48 hours, whereas diffusion-weighted imaging (DWI) may reveal 

abnormalities earlier, although the full extent of the damage becomes apparent at a later stage 

[1]. 

Criteria Group Specific Criteria 

Demographic gestational age ≥36 weeks  

birth weight ≥1800 g  

ability to initiate treatment within ≤6 hours of life 

Biochemical pH ≤7.0 or BE ≥16 mmol/L (within the first hour of life) 

Biochemical 

(borderline) 

pH 7.0–7.15 or BE 10–15.9 mmol/L  

+ (Apgar score ≤5 at 10 minutes or mechanical ventilation ≥10 

minutes) 

Clinical Symptoms of moderate or severe HIE 

Additional Seizures as a marker of encephalopathy 

Table 2. Eligibility criteria for therapeutic hypothermia [1,13,14]. 

 

3.5. Protocol and Clinical Course of Therapeutic Hypothermia 

 

Therapeutic hypothermia (TH) is administered according to a protocol comprising three phases: 

cooling, rewarming and normothermia [15]. During the cooling phase, the body temperature is 

maintained at 33.5 °C for 72 hours. Treatment should be initiated within the first 6 hours of life 

[14,15,16]. During this period newborns often require analgosedation, most commonly with 

opioids (morphine or fentanyl) sometimes in combination with midazolam. A significant 

proportion of patients also require respiratory support, including mechanical ventilation [15,17] 

After the cooling phase ends, gradual rewarming at a controlled rate occurs for approximately 

12-15 hours until normothermia is achieved, which constitutes the final stage of therapy [15]. 

It has been demonstrated that the use of therapeutic hypothermia reduces the risk of death or 

severe neurodevelopmental disability in children assessed at 18 months of age [14].  

 

 

 



3.6. Preterm Infants (≤35 Weeks of Gestation) 

 

In preterm infants born between 33 and 35 weeks of gestation, the efficacy of therapeutic 

hypothermia has not been conclusively demonstrated. This is due to differences in neurological 

maturity and the greater susceptibility of the brain’s white matter to damage [18,19]. Studies 

indicate no significant reduction in mortality or severe neurodevelopmental disorders in this 

group, while simultaneously increasing the risk of complications such as coagulopathy, 

seizures, hypotonia, intracranial hemorrhage, metabolic acidosis and thrombocytopenia, as well 

as a high rate of moderate and severe developmental disorders [18,19,20]. 

 

3.7. Therapeutic hypothermia in mild hypoxic-ischemic encephalopathy 

 

Mild hypoxic-ischemic encephalopathy (HIE) is not a completely benign clinical condition and 

may be associated with an increased risk of brain damage and neurodevelopmental disorders, 

including cognitive and language difficulties or autism spectrum disorders. The course of 

neonatal encephalopathy is dynamic, so the mild form of the disease may progress [2]. To date, 

no clear definition of mild HIE or standards for its treatment has been established, as newborns 

with this form of the disease were not included in key randomized trials on therapeutic 

hypothermia. Nevertheless, this therapy is sometimes used in some centers, a phenomenon 

referred to as “therapeutic creep,” resulting mainly from concerns about disease progression 

and the loss of the therapeutic window [2]. Amplitude-integrated EEG (aEEG) can complement 

the neurological assessment, although its predictive value is limited in the first hours of life and 

increases after 24-48 hours [2,21]. Studies indicate that some newborns with mild HIE show 

abnormalities on neuroimaging or in neurodevelopmental assessments and approximately 16% 

of children develop developmental disorders in the first years of life [2,21,22]. Clinical trials 

are currently underway (including COMET and COOL-PRIME) to evaluate the efficacy of this 

therapy in newborns with mild HIE [23]. 

 

3.8. Extended, Delayed, and Deeper Therapeutic Hypothermia 

 

In newborns with moderate or severe hypoxic-ischemic encephalopathy (HIE), delayed 

initiation of therapeutic hypothermia (TH) between 6 and 24 hours of life, its continuation for 

96 hours, and deeper hypothermia (32.0°C) did not show a significant effect on mortality or 



disability [1,24,25]. The adjusted relative risk of death was higher in the group cooled for 120 

hours than in the group cooled for 72 hours [25]. 

3.9. Neurophysiological and neuroimaging diagnostics  

Amplitude-integrated EEG (aEEG) and conventional EEG (cEEG) allow for the prediction of 

neurological development in newborns treated with therapeutic hypothermia, particularly when 

the recordings are analyzed between 48 and 72 hours of life. Seizures may occur both during 

hypothermia and after the rewarming phase and a high number of seizures is associated with a 

poorer neurological prognosis [1]. Magnetic resonance imaging (MRI) is the primary method 

for assessing brain damage in newborns with encephalopathy, including those treated with 

therapeutic hypothermia. T1 - and T2 - weighted sequences and diffusion-weighted imaging 

(DWI) are used in the diagnosis. The examination performed between the 4th and 6th day of 

life, immediately after the end of hypothermia, has the greatest diagnostic value. MRI 

abnormalities are found in over 90% of newborns with encephalopathy and seizures, most 

commonly in the basal ganglia and thalamus [3,26,27]. Magnetic resonance spectroscopy 

(MRS) provides additional prognostic information by allowing for the assessment of brain 

metabolites. The concentration of N-acetylaspartate (NAA) and the lactate/NAA ratio within 

the basal ganglia demonstrate particularly high prognostic value [1,28]. MRI scans performed 

later in life show reduced volumes of white and gray matter, as well as structures such as the 

hippocampus and thalamus in children with HIE, which correlates with cognitive and motor 

functions. Abnormalities in the mammillary bodies observed in approximately 35-38% of 

patients are associated with memory and cognitive impairments [1,29,30]. 

3.10. Adverse effects 

 

The most common cardiovascular complications include sinus bradycardia, arterial 

hypotension, and cardiac arrhythmias, including QT prolongation [31]. The severity of 

bradycardia correlates with a decrease in body temperature and amounts to approximately 15 

beats/min for every 1°C drop in temperature [31,32]. Intraventricular hemorrhage was observed 

in approximately 0.9-9% of newborns; however, in most cases, it was mild and showed no 

significant association with neurodevelopmental outcomes at 18-26 months of age [1,33,34]. 

Respiratory complications include impaired oxygenation associated with pulmonary 

vasoconstriction and transient neonatal pulmonary hypertension, which in some cases requires 

the use of inhaled nitric oxide [31]. Hypothermia also affects metabolic and electrolyte balance, 



leading to disorders such as hypokalemia, hyponatremia, hypomagnesemia, and 

hypophosphatemia [31]. Glycemic disturbances are common during treatment; therefore, 

monitoring via continuous glucose monitoring (CGM) is recommended [35]. Normoglycemia 

was observed in 15-57.4% of newborns, hypoglycemia in 13.6-20.0%, and hyperglycemia in 

10.8-37% of patients [36,37]. Both glycemic disturbances increase the risk of death [34]. 

Hypothermia may also lead to coagulation disorders associated with platelet dysfunction, 

transient renal dysfunction, elevated liver enzymes, and increased susceptibility to infection 

[31]. In some school-aged children (6-8 years), motor and cognitive impairments persist. [38] 

The relative risk of cerebral palsy in children treated with hypothermia is approximately 0.6 

[39]. All children with cerebral palsy had an intelligence quotient (IQ) <70; however, reduced 

intelligence test scores are also more frequently observed in patients without cerebral palsy 

compared to the general population [39-41]. 

 

System Adverse effects 

Cardiovascular Sinus bradycardia  

Arterial hypotension  

Arrhythmias (including QT prolongation) 

Central nervous  Intraventricular hemorrhage 

Respiratory Decreased oxygenation   

Transient pulmonary hypertension of the newborn (PPHN) 

Metabolic and electrolyte Hypokalemia  

Hyponatremia  

Hypomagnesemia 

Hypophosphatemia 

Hypoglycemia  

Hyperglycemia 

Hematologic   Coagulation disorders (platelet dysfunction) 

Urinary Transient renal dysfunction 

Digestive Elevated liver enzymes 

Immunological Increased susceptibility to infection 

Table 3. Adverse effects [1, 31-41]. 

 

 



3.11. New areas of research and combination therapies 

Recombinant erythropoietin (rEPO) is an alternative therapy being evaluated in newborns with 

hypoxic-ischemic encephalopathy (HIE), demonstrating potential neuroprotective and 

neuroregenerative effects as well as a favorable safety profile, particularly when administered 

during the early latent phase. However, its efficacy requires confirmation in Phase III trials 

[1,2]. The HEAL trial demonstrated that adding erythropoietin to therapeutic hypothermia did 

not improve outcomes and was associated with a higher incidence of adverse events [1,42,43]. 

A meta-analysis of studies conducted in low- and middle-income countries showed a reduction 

in the risk of death or disability from 49.7% to 27.6% in newborns treated with erythropoietin 

alone, where therapeutic hypothermia could not be used [44]. 

4. DISCUSSION 

 

Therapeutic hypothermia significantly improves the prognosis in newborns with moderate and 

severe HIE; however, its efficacy in mild HIE remains unclear. The phenomenon of 

“therapeutic creep” indicates an expansion of indications beyond the populations included in 

randomized trials. Despite a good safety profile, TH may cause transient multisystem 

complications: bradycardia, hypotension, metabolic and coagulation disorders, pulmonary 

hypertension, glycemic disturbances, as well as neurological complications such as MPD or 

reduced IQ. Knowledge of potential risks allows for early intervention and patient monitoring. 

The narrow therapeutic window (up to 6 hours) requires rapid assessment of demographic, 

biochemical, and neurological criteria. Early monitoring of blood glucose (CGM), EEG, and 

MRI enhances safety and enables the prediction of long-term outcomes. Research on combined 

neuroprotective therapies, such as recombinant erythropoietin, is ongoing and may improve 

treatment efficacy in the future. However, the results of studies to date are mixed and require 

further randomized clinical trials. 

 

5. CONCLUSIONS 

 

Therapeutic hypothermia remains the standard of care for newborns with moderate to severe 

hypoxic-ischemic encephalopathy, significantly reducing the risk of death and long-term 

neurodevelopmental impairment. Its effectiveness depends on early initiation, optimal duration 

and strict adherence to established treatment protocols. Current evidence does not support 



extending the duration of therapy, increasing the depth of hypothermia or delaying its initiation 

beyond the recommended therapeutic window. In addition, the use of therapeutic hypothermia 

in mild cases of hypoxic-ischemic encephalopathy and in preterm infants remains controversial 

and requires further investigation. Accurate clinical assessment, including the use of the Sarnat 

classification and adjunctive neurophysiological and neuroimaging tools, is essential for 

appropriate patient selection and monitoring. Despite its proven benefits, therapeutic 

hypothermia is associated with potential adverse effects, highlighting the need for careful 

clinical supervision. Future research should focus on optimizing patient selection, refining 

treatment protocols and exploring adjunctive neuroprotective strategies to further improve 

neurological outcomes. 
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