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Abstract: 

Aim: To assess the efficacy and safety of ice gel packs as a manual method of therapeutic hypothermia in Term and Near-Term 

newborn infants admitted with Moderate and Severe Hypoxic Ischemic Encephalopathy.  

Background: TH is a standard prophylactic neuroprotective therapy for Neonatal HIE. TH can be provided either by servo-

controlled method (which is expensive) or by manually controlled method (which is inexpensive). This manuscript shares our 

experience of use of Ice Gel packs as a manual method of TH. The findings have implications for LMIC’s.  

Material and Methods: A retrospective cross sectional observational study was carried out in tertiary care NICU of Dr. Sulaiman 

Al Habib Hospital Al Qassim KSA. Demographic and clinical data was collected, on pre-approved Performa, using patient electronic 

health records. The data items included hourly temperature record, neurological examination, relevant labs and MRI results. The 

data was tabulated and analyzed by SPSS version 23 (IBM Corp, Amonk, NY, USA) software.  

Results: 23 neonates, born between 2020 and 2023, and admitted with a diagnosis of moderate to severe HIE and provided 

cooling therapy using Ice gel packs, were included in the study. In all babies, core body temperature was effectively controlled 

between 330 C and 340 C for 72 hours followed by a very smooth slow rewarming to normal temperature over a period of eight 

hours. There was no mortality and no significant long-term morbidity. The neurodevelopmental examination was normal on 

discharge and on follow up after one month.  

Conclusion: Ice gel packs are a safe and effective low-cost method of achieving target therapeutic hypothermia in newborn 

babies with Hypoxic Ischemic Encephalopathy. The finding has significant clinical and financial implications for newborn care in 
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LMIC.    

 

Key words: Therapeutic Hypothermia (TH); Hypoxic Ischemic Encephalopathy (HIE); ice gel pack; servocontrol 
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Introduction: 

 

Despite many interventions, HIE remains an important cause of neonatal mortality and morbidity. In 2021, the global incidence 

of HIE was estimated at 8.2/1000 live births, contributing to over 600,000 deaths each year [1,2]. Overall incidence of HIE is 

around 1 per 1000 live births in developed countries and it is around 10 times higher in developing countries [3,4]. The best 

predictor of mortality and morbidity is the severity of neonatal encephalopathy secondary to Perinatal Asphyxia [5]. With 

increasing severity of encephalopathy, the incidence of mortality and disability becomes higher. About one third of new-borns 

with moderate HIE will have some kind of neurological disability. 15% to 20% of infants with HIE die in the neonatal period and 

25-30% of survivors develop long-term neurodisability [6]. 

Therapeutic Hypothermia (TH) is a safe, effective and established neuroprotective intervention for reducing mortality and 

morbidity in term and near-term new-born infants with moderate and severe HIE [7]. TH can be provided by selective head 

cooling or total body cooling. Total body cooling is a preferred method due to proven benefits in improving the outcome and 

reducing neurological disability [8].  

Various devices are used for total body cooling. These include servo-controlled cooling machines (which are expensive) and 

manual cooling methods (which are inexpensive). Cooling blankets, ice gel packs, water bottles, phase changing materials and 

electric fans have been used for manual cooling [9]. The Servo-controlled methods can be superior in thermoregulation but 

according to Buchiboyina A et al, [10] there is no difference in neurodevelopmental outcome at 18 months of age. Manual 

cooling methods are very useful in resource constrained setting of LMIC which bear the burden of 98% of cases of Perinatal 

Asphyxia worldwide [11]. In this manuscript we share our experience of use of ice gel packs for providing TH in term and near-

term infants with Hypoxic Ischemic Encephalopathy. 

 

Material and Methods: 

This is a retrospective cross-sectional cohort study conducted in newborn infants admitted to NICU of Dr Sulaiman Al Habib 

Hospital, Qassim from Jan 2020 to Dec 2023. The study and its data collection form were approved by the institutional review 

board (IRB). The inclusion criteria for the study included all babies who completed 72 hours of cooling followed by eight hours 

of gradual rewarming. The exclusion criteria included those babies who could not complete cooling & rewarming as per standard 

protocol. The criteria for cooling are given in Panel 1.  

Cooling was started as soon as possible within first 6 hours after establishment of diagnosis of HIE. Cooling was continued for 

72 hours during which rectal temperature was maintained between 330C to 340C using ice gel packs. Rectal temperature probe 

was used for continuous electronic monitoring of core body temperature. Hourly temperature records were maintained till 

complete rewarming back to normal body temperature (36.80C) was achieved. Rewarming was done slowly at a rate not more 

than 0.50C per hour over a period of eight hours. All babies received 1:1 nursing care during the acute phase of their illness. 

Panel 1 

Criteria for Cooling Therapy: 

Term and Near-Term babies (gestational age at birth ≥35 weeks, birth weight ≥2.0 kg and postnatal 

age less than 6 hours) who meet one of criteria A and one of criteria B given below. Criteria C is 

optional.  

 

Criterion A: 

1. APGAR score 5 or less at 10 minutes 

2. Needing ventilation (invasive/non-invasive) 

3. PH less than 7.0 or base deficit ≥ mmol/L 16 within 60 minutes of life  

 

Criterion B: 

Evidence of Moderate to Severe HIE consisting of altered state of consciousness (lethargy, Stupor, 

Coma) AND at least one of the following  

Hypotonia 

Abnormal reflexes 

Absent or weak suck  

Clinical Seizures 
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Criterion C: 

Babies meeting criteria A and B assessed for at least 30 minutes by amplitude integrated EEG (aEEG) 

using Cerebral Function Monitor (CFM). Any evidence of moderate or severe HIE and/or Seizures. 

 
Panel 2 

Outcomes 

1. Primary Outcome:  

Efficacy and safety of ice gel pack in maintaining hypothermia in target range (330C to 340C) over 

72 hours followed by controlled slow rewarming over eight hours.  

 

2. Secondary Outcome:  

a) Neurological status at the time of discharge from hospital assessed by serial 

Thompson score.  

b) Potential Adverse events such as coagulopathy requiring fresh frozen plasma, 

intraventricular haemorrhage, hypotension requiring inotropes, renal or hepatic 

derangement, air leak and subcutaneous fat necrosis.  

 

Demographic and clinical data including hourly rectal temperature records, lab investigations, neurological examination 

findings, ultrasound and MRI reports were retrieved from patient’s electronic medical records. Hourly rectal temperature 

records were plotted in graphic form for the trends in maintenance of TH during 72 hours of cooling and eight hours of 

rewarming within the protocol limits. Data was also analysed for associated risk factors of HIE, outcomes at discharge and on 

first follow up visit at one month. Post cooling MRI scans were used as a surrogate to predict outcomes. [11,12] MRI was 

performed on D 5 of life under General anaesthesia to minimize motion artifacts and was reported by neuroradiologist. The 

measured outcomes are given in Panel 2. 

Data was entered into Microsoft Excel sheet and then analysed using SPSS version 23 (IBM Corp, Amonk, NY, USA) software. 

Quantitative variable like gestational age and weight were tabulated as mean and standard deviation. Qualitative variables like 

gender, presence or absence of coagulopathy were tabulated as percentages. Hourly temperature control over 72 hours of 

cooling followed by eight hours of rewarming was plotted as line graph [15]. (Figure.1) 

Results: 

During study period 23 neonates were admitted to NICU with HIE and given cooling therapy. Initial scoring was done using 

Modified Sarnat & Sarnat score. Accordingly, babies were classified as having Stage I, II or III HIE. Five patients had Stage II HIE, 

17 had stage III HIE and one had stage I to II HIE (Table 1). 

 

Total No of Patients 23 (100%) 

Stage 1 to II HIE 1 (4.3%) 

Stage 2 HIE 5 (21.7%) 

Stage 3 HIE 17 (73.9%) 

Table 1: Grades of HIE on admission According to Modified Sarnat and Sarnat Score

 

Baseline characteristics N (%) / Mean (SD) 

GA (Weeks) 38.74 (1.32) 

Weight (Grams) 3195.65 (405.57) 

APGAR at 1 minute  2.61 (1.75) 

APGAR at 5 minutes  5.13 (1.69) 

APGAR at 10 minutes  7.04 (1.46) 

AGPAR < 6 at 10 minutes = Yes (%) 8 (34.8) 

PPV = Yes (%) 22 (95.7) 

Intubation = Yes (%) 18 (78.3) 
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Cardiac Compressions = Yes (%) 5 (21.7) 

Adrenaline = Yes (%) 2 (8.7) 

Normal Saline Bolus = Yes (%) 2 (8.7) 

Cord PH Mean (SD) 6.96 (0.25) 

Min_PH_1Hour: Mean (SD) 7.13 (0.13) 

Cord BE: Mean (SD) 13.95 (5.24) 

Lactate_0 Hour: Mean (SD) 11.63 (4.25) 

Lacate_1Hour: Mean (SD) 12.24 (9.85) 

Abbreviations: PPV, Positive Pressure Ventilation; BE, Base Excess 

Table 2: Baseline characteristics of neonates who received cooling therapy 

Condition of babies at birth and resuscitation details are given in Table 2. The mean APGAR score at birth was 2.61 and at 10 

minutes of life 34% of babies had APGAR score less than 6. All babies required respiratory support at birth and 78% of them 

were intubated requiring mechanical ventilation. Only 5 babies needed chest compression of which two received adrenaline at 

time of cardiopulmonary resuscitation. 

Mean temperature value was calculated for each 4 hours with standard deviation and plotted on the chart shown in Figure 1. 

All mean temperature values occurred between 330C and 340C  

 

Figure1: This line graph illustrates temperature trends during 72 hours of TH followed by 8 hours of rewarming with minimum 
fluctuation around the baseline temperature. Abbreviation; CI, confidence interval 

During 72 hours of cooling, 17 patients developed coagulopathy requiring treatment with Vitamin K and Fresh Frozen Plasma 

(FFP). The coagulopathy was transient and resolved within the cooling period. Renal function derangement was observed in 26% 

of patients while 47 % had elevated liver enzyme. However, all derangements resolved without any intervention, and none 

progressed to end stage renal or liver disease. 

Of the 23 patients enrolled, MRI was performed in 22; one patient’s family declined the procedure. Six patients had normal MRI, 

fifteen showed moderate hypoxic-ischemic changes and one had severe hypoxic ischemic changes. Unilateral grade one 

intracranial haemorrhage was detected in three patients and unilateral grade two intracranial haemorrhage was detected in one 

patient on day one of life by cranial ultrasonography and later confirmed by MRI on day five of life. Two patients developed 

subcutaneous fat necrosis; one on the back and one on the hand, both of which resolved with conservative management. No 

mortality was reported. One neonate with meconium aspiration syndrome required prolonged NICU admission of more than 
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one month with extended respiratory support. Seventeen patients developed seizures and were treated with antiepileptic drugs; 

fifteen of them were discharged home on antiepileptics therapy (Table: 3). 

Parameters N(%)  

Number of Patients 23 (100)         

Coagulopathy = Yes (%) 16 (69.6)  

RFT_Deranged = Yes (%) 6 (26.1)  

Hypotension = Yes (%) 8 ( 34.8)  

LFT_Deranged = Yes (%) 11 (47.8)  

Arrhythmias = No (%) 0% 

ICH = Yes (%) 4 (17.4)  

NEC = No (%) 0% 

Air leak (Pneumothorax) = Yes (%) 2 (8.7)  

Fat necrosis = Yes (%) 2 (8.7)  

Pulmonary HTN = (%) 0%  

Death = (%) 0%  

MRI Changes (%)    16(69.6) 

Not Available 1 ( 4.3)  

Normal 6 (26.1)   

Abnormal 16 (69.6)  moderate Hypoxic Ischemic 

changes 15 (65%) 

severe Hypoxic Ischemic 

changes 1 (4.6%) 

Hearing Screening 

Normal 

Abnormal 

 

21 (91.3)  

2 (8.7) 

Seizures = Yes (%) 17 (73.9)  

EEG (%) 

Abnormal 

Inconclusive 

Normal 

 

4(17.4) 

1(4.3) 

18 (78.3) 

Anticonvulsants = Yes (%) 15 (65.2) 

Table 3: Outcomes of patients who received TH 

Abbreviations: GA: Gestational Age, RFT: Renal Function Test, LFT: Liver Function Test, ICH: Intracranial Haemorrhage, NEC: 
Necrotising Enterocolitis, HTN: Hypertension, EEG: Electroencephalograph 

Outcome At Discharge: 

All 23 babies were discharged home alive. Neurological examination at discharge was done using Thompson score (Table 4). 

One baby had abnormal examination at discharge and one baby was readmitted due to breakthrough seizures. Twenty-one 

babies had normal examination. 

Parameter Normal Abnormal 

Tone 22 (95.7%)  4.3% (1) 

Level Of Consciousness 23 (100%)  0  

Fits  22 (95.7%) seizure free at 

discharge  

4.3% (1) 

Came back with break through 

seizures 

Posture 23 (100%) 0 

Moro Reflex 23 (100%) 0 

Grasp 23 (100%) 0 

Sucking Reflex 23 (100%) 0 

Respiration 23 (100%) (room air) 0 

Fontanelle 23 (100%) (normal) 0 

Table 4: Neurological Examination at time of Discharge 
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Discussion: 

Hypoxic Ischemic Encephalopathy (HIE) is an important cause of Neonatal Mortality and Morbidity worldwide. Globally the 

incidence of HIE is estimated at 8.3 per1000 live birth with substantial disparities between high income and low-and middle-

income countries (LMIC). In high income countries like USA, the estimated incidence is 1 to 3 per 1000 live births while in LMIC 

countries it is recorded from 4 to 24 per 1000 live births [1-3]. Nearly 99 % of HIE related mortality occurs in LMIC due to limited 

resources and inadequate health care services [4]. 

The most effective and safe neuroprotective intervention for management of HIE, which is known to improve neurological 

outcome, is whole body cooling [5-6]. The concept of hypothermia in medicine is ancient. There are multiple animal studies 

which proved benefit of hypothermia in reduction of extent of brain damage due to ischemia [11]. Multiple clinical trials have 

proved therapeutic benefit of Therapeutic Hypothermia (TH) in limiting extent of brain damage if initiated within the first 6 

hours of life and continued for 72 hours [7-13]. Eleven randomized controlled trials were included in Cochrane metanalysis 

2013, according to which cooling reduces neonatal mortality and morbidity without any additional increase in risk of long-term 

disabilities in survivors [14]. Therapeutic Hypothermia (TH) is now an established intervention worldwide for term and near-

term infants with moderate to severe Perinatal Hypoxic Ischemic Encephalopathy. However, the implementation of TH in LMIC’s 

remains a very big challenge due to cost effectivity and affordability [15,16]. 

Attributing to the high burden of birth asphyxia, limited resources and inadequate health systems in LMIC’s, there is need for 

a cost-effective intervention to reduce neonatal mortality and morbidity due to HIE. Servo controlled cooling machines are very 

expensive and unaffordable by NICU’s in LMIC’s. Our study has confirmed that inducing and maintaining TH by using Ice gel 

packs is a very safe, effective and affordable alternative to servo-controlled machines. Other similar studies have also confirmed 

the same [16]. The ICE trial used ice gel packs for TH in developed countries [17]. The clinical trials, both in high income and 

LMIC, have confirmed the safety and efficacy of ice gel packs under strict protocol and appropriate training [15,17]. 

Bharadwaj SK and Bhat BV [16] compared the use of Ice gel packs and servo-controlled machine for management of neonates 

with HIE. Their study confirmed that TH using ice-gel packs can reduce the risk of neonatal death and neurodevelopmental 

delay at 6 months of age. Ice gel pack group had better outcomes as compared to servo control group and difference was 

statistically significant. No difference was noted in terms of complications or any adverse events. 

Mascarenhas et al [18] studied short- and long-term outcome and complications of therapeutic hypothermia. Reported adverse 

events included shock (50.3%), clinically significant bleeding (16%), acute kidney injury (6.7%), culture-positive sepsis (11.6%), 

persistent pulmonary hypertension (9%), bradycardia (9%), food intolerance (14.9%) and premature termination of TH (7.1%). 

[18] In our study, 69% patients had coagulation abnormalities 26% had renal impairment and 47% had hepatic derangements. 

34% patients suffered from hypotension requiring ionotropic support. Two patients developed subcutaneous fat necrosis which 

resolved with conservative management. The survival in our cohort was 100 % and 95.7% had normal neurological examination 

on discharge. Prakash et al [19], in a recent meta-analysis on TH for HIE in LMIC, did not find any difference in mortality in 

cooled and non-cooled infants. However, the cooled group exhibited significantly lower rates of neurodevelopmental disability 

at or beyond 6 months (RR 0.78, 95% CI 0.66–0.92, I2 = 85%) [19] . 

Trials of neuroprotective strategies other than TH are underway [1]. lt is crucial that new interventions should not only be 

feasible for use in LMIC’s, but also that LMIC’s should conduct research to evaluate the cost-effectiveness of new interventions 

in their settings [20]. Research should also be done on the safety, efficacy and feasibility of neuroprotective pharmacologic 

agents, either alone or in combination with TH, in the context of LMIC’s. The safety of combination of TH and MgSO3 for 

moderate to severe HIE in term and near-term infants has already been reported from LMIC [21]. Our study has confirmed 

safety and efficacy of ice gel packs in achieving target temperature for TH. These developments have positive implications for 

managing new-born infants with HIE in resource restricted LMIC’s [22].  

 

Conflict of Interest:  

None    

Limitation of our Study: 

Due to small sample size results are limited and no correlation can be established between severity of HIE and neurological 

outcome. Due to absence of long term follow up it is difficult to ascertain the degree of any long-term neurodevelopmental 

impairment.  

Conclusion:  

Ice-gel packs can be used as a safe and effective alternative to servocontrolled devices for whole body therapeutic hypothermia 

in term and near term neonates with hypoxic ischemic encephalopathy (HIE), when applied with careful temperature monitoring 

and good nursing care. 
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