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Abstract

Hypoxic-ischemic encephalopathy (HIE) resulting from asphyxia insults occurring at or near birth can present devastating results.  Therapeutic hypothermia has been shown to have a positive impact on long-term survival and developmental outcomes.  While the most severe cases see the least benefit, therapeutic hypothermia either by whole-body cooling or selective head cooling have shown statistically significant neuroprotective improvements in outcomes in infants with moderate injury.  This integrated literature review which includes the following three large randomized controlled trials (RCTs) presents compelling results supporting the use of cooling during the immediate neonatal period for infants who demonstrate a clinical presentation of asphyxia. Shankaran conducted the National Institute for Child Health and Human Development (NICHD) trial, Gluckman, the CoolCap trial, and most recently Azzopardi, the Total Body Hypothermia for Neonatal Encephalopathy (TOBY) trial all with the focus of determining the effect of hypothermia whether by selective head cooling or whole body cooling.
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Neonatal Therapeutic Hypothermia Impacts Neurodevelopmental Outcomes





Background

Asphyxial perinatal events resulting in hypoxic-ischemic brain injury is a primary cause associated with life-long neurological deficits of varying severity in children (Shalak & Perlman, 2004).  Hypoxemia or ischemia yields inadequate delivery of oxygen and glucose to neural tissue and results in Hypoxic-ischemic encephalopathy (HIE).  Hypoxia results from an inadequate supply of oxygen in the blood whereas ischemia is inadequate blood flow both of which contribute to decreased perfusion of the neural tissue (Verklan, 2009).  This type of brain injury results from several activities that combine to disrupt cellular function and may cause cellular death (Perlman, 2006).  A second phase of cellular dysfunction occurs during the six to forty-eight hour window following a hypoxic-ischemic event.  This is the time frame where hypothermia is thought to disrupt the cascade of ongoing cellular injury and afford a level of neuroprotection (Perlman, 2006).




Statement of the Problem
Asphyxial events resulting in encephalopathy create a significant threat to the neonatal population as they are associated with an overall increase in morbidity and mortality (Azzopardi et al., 2009).  Any event that impairs placental blood flow and thus disrupts oxygen and carbon dioxide exchange is likely to alter the infants’ cerebral blood flow (CBF) and cause a state of asphyxia or acidemia (Shalak & Perlman, 2004).  Asphyxia is the inadequate exchange of oxygen and carbon dioxide that results in acidemia (Verklan, 2009). Acidemia is a condition in the blood where the acidity (pH) is outside of the desirable range of 7.35 to 7.45. When the pH falls below 7.35, it is considered an acidotic state whereas when the pH exceeds 7.45, it is considered an alkaline state. 
Hypoxic-ischemic encephalopathy (HIE) occurs in 1-2 infants per 1000 live births (Gluckman et al., 2005).  HIE is a significant global problem as 10-60% of infants affected do not survive and long-term neurodevelopmental disorders (NDD) affect 25% of all survivors (Jacobs, Hunt, Tarnow-Mordi, Inder, & Davis, 2007).  Treatment of this population has been limited to supportive therapy in neonatal intensive care units but therapeutic hypothermia has shown neuroprotective capabilities in both adult and neonatal animal studies (Shankaran et al., 2005).  Supportive therapy includes intensive care, anti-seizure prophylaxis, respiratory support, hemodynamic support and other routine interventions common to the care of critically ill neonates (Perlman, 2006).
The underlying pathology associated with hypoxic-ischemic cerebral injury is attributable to decreased cerebral blood flow (Shalak & Perlman, 2004).  Decreased cerebral blood flow causes an interruption of aerobic metabolism and the subsequent cascade of chemical events leading to a switch to anaerobic metabolism.  Anaerobic metabolism rapidly consumes phosphate reserves, yields a build-up of lactic acid, and disrupts vital cellular functions.  The collective consequences of cellular energy depletion, acidosis, and other key metabolic processes lead to the disruption of key cellular components and results in eventual cell death.  The progression of cellular injury is influenced by the duration and severity of the hypoxic-ischemic insult (Shalak & Perlman, 2004).  Neuronal cell death as a result of hypoxic-ischemia occurs via necrosis or apoptosis.  Cellular necrosis is characterized by cellular edema, disruption of cellular function, a loss of the integrity of the cellular membrane, and ultimately disruption of the cell with escape of cellular contents stimulating the inflammatory process. Apoptosis on the other hand is characterized by cellular shrinkage and other events resulting in cellular damage that occurs without inducing an inflammatory response (Perlman, 2006).
Once cerebral perfusion and oxygenation is restored, phosphate levels return to normal and acidemia resolves but a secondary phase of energy failure occurs later at 6 to 48 hours following the initial insult and contributes to further brain injury.  The severity of this phase of injury is associated with poor neurodevelopmental outcomes in later developmental ages (Shalak & Perlman, 2004).  Restoration of cerebral blood flow can occur in-utero or after birth.  Thus, early recognition of at risk infants, supportive management, and the provision of interventions to disrupt or suspend the process of further brain injury is the goal of treatment for this patient population (Perlman, 2006).





Research Question

The research question driving this integrated literature review is as follows.  In neonates with hypoxic-ischemic encephalopathy, what is the effect of intensive care management with therapeutic hypothermia on long-term outcomes of death and disability compared with intensive care management without therapeutic hypothermia?





Purpose of Integrated Literature Review




With any new emerging treatment, it is necessary to evaluate the efficacy of the treatment modality and its impact on clinical outcomes of the target population.  This integrated literature review was used to evaluate the current literature and research findings associated with the treatment modality, therapeutic hypothermia, and its’ impact on the neurological outcomes of infants with the diagnosis of hypoxic-ischemic encephalopathy.  The literature search and article review was focused on the answering the following question:  In neonates with hypoxic-ischemic encephalopathy, what is the effect of intensive care management with therapeutic hypothermia on long-term outcomes of death and disability compared with intensive care management without therapeutic hypothermia? 
The Strength of Recommendation Taxonomy (SORT) was used to rate the strength of evidence.  The collective strength of the evidence reviewed is a level-A recommendation and was based on consistent and high quality patient-centered evidence such as morbidity and mortality rates of the study population.  There were consistent findings from three large high quality randomized controlled trials (RCTs) and two systemic reviews (SRs) that included additional smaller RCTs.  The recommendation that hypothermia is an efficacious treatment in neonates presenting with HIE during the first 6 hours of life is based on consistency across the studies as most studies found similar or at least coherent conclusions.  The high-quality RCTs and SRs support the recommendation (Ebell et al., 2004). 

Significance of the Problem


Hypoxic-ischemic encephalopathy (HIE) occurs in 1-2 infants per 1000 live births (Gluckman et al., 2005).  HIE is a significant global problem as 10-60% of infants affected do not survive and long-term neurodevelopmental disorders affect 25% of all survivors (Jacobs et al., 2007). Neonatal encephalopathy is the cause of over 1 million deaths annually in infants and children worldwide and is the leading cause of death in this population in developing countries.  HIE, the most common form of neonatal encephalopathy, is the most significant perinatal problem impacting term infants (Cowan & Azzopardi, 2007). 





Relevance to Nursing

Early recognition of at risk infants, supportive management, and the provision of interventions to disrupt or suspend the process of further brain injury is the goal of treatment for this patient population (Shalak & Perlman, 2004).  Early recognition of at risk infants may be the most important aspect of the treatment plan as the therapeutic window for effective treatment which will potentially disrupt the ongoing cascade of cellular injury has been established as less than six hours as evidenced by experimental studies (Perlman, 2006).  Some initial criteria signifying an at risk infant include: the presence of a documented intrapartum event, infants requiring delivery room resuscitation, a consistently low Apgar score indicating perinatal depression, and evidence of acidemia established by an umbilical arterial pH of less than 7.0 and/or a base deficit of greater than -16mEq/L.  Further evidence can be obtained by an abnormal neurological exam that occurs early in the postpartum phase (Shalak & Perlman, 2004).  The Sarnat score developed by Sarnat and Sarnat in 1976, is the most common tool used to assess neurological function which grades the clinical characteristics of HIE as mild, moderate, or severe (grade I, II, or III).  The Sarnat Score utilizes both clinical assessment data and electroencephalography (EEG) results and if EEG data is unavailable this grading system is referred to as a modified Sarnat Score.  Clinical assessment data on the Sarnat scoring tool includes: lethargy, stupor, or coma in the presence of any one or more of the following: a weak or absent sucking pattern, abnormal oculomotor, pupillary, and muscular reflexes, clinical evidence of seizures (Gluckman et al., 2005).  Amplitude-integrated electroencephalography (a-EEG) is predictive of neurological outcome. The a-EEG which measures the electrical activity of the cortical state by documenting the background voltage of cerebral activity and has been established as the best single forecaster of long-term outcomes after an acute perinatal asphyxia event (Shalak, Laptook, Velaphi, & Perlman, 2003).  In a small study by Shalak, Laptook, Velaphi, and Perlman (2003) clinical neurological evaluation was compared with and without an additional a-EEG evaluation as an effective predictor of sustained abnormal neurological behaviors.  This study demonstrated that when used in conjunction more effectively identified high-risk infants than either assessment alone (Shalak et al., 2003).
Supportive care encompasses generalized intensive care therapies that manage ventilation, hemodynamics, fluid volume management, management of seizures, and maintenance of normoglycemia (Shalak & Perlman, 2004).  Ventilation strategies should aim to maintain the carbon dioxide level within the normal range of 35-45 mmHg as hypercarbia increases the state of acidosis and hypocarbia has been associated with decreased cerebral blood flow secondary to vasoconstriction (Perlman, 2006; Verklan, 2009).  Hypoxia decreases the amount of oxygen available to the cell and hyperoxia is thought to decrease cerebral blood flow both of which can contribute to further brain injury (Verklan, 2009).  Additionally, when processing blood gases and in light of the infant’s temperature, the blood gas analyzer must be adjusted to the infants actual temperature when the sample was collected in order to yield correct results (Verklan, 2009).  Hypotension is of primary concern as it can precipitate further ischemic injury but needs to be adequately assessed and the clinician should evaluate perfusion along with blood pressure readings.  A low blood pressure in conjunction with poor perfusion should be treated promptly with fluid resuscitation and/or vasopressors.  Hypertension should be avoided as it may contribute to hemorrhagic complications (Perlman, 2006; Verklan, 2009).  Fluid volume management strategies are based on an initial fluid restricted state then adjusted based on close observation of electrolytes, calcium and magnesium, and fluctuations in daily weights.  Clinical evidence of seizures especially if corroborated by an a-EEG requires pharmacologic intervention as seizures increase the metabolic rate of the brain (Perlman, 2006; Verklan, 2009).  Hypoglycemia is fuel for the brain cells hypothermia is trying to preserve and should be avoided (Perlman, 2006). 
The ability to provide of interventions to disrupt or suspend the process of further brain injury is the goal of treatment for this patient population (Shalak & Perlman, 2004).  Hypothermia offers several mechanisms of action that preserve brain tissue. Some of these include a reduction in the release of glutamate, depressed cerebral metabolism both of which conserves phosphates. The presence of acidosis and lactic acid buildup are both decreased. Several other chemical changes occur which preserves the integrity of the blood-brain barrier and prevents cerebral edema and apoptosis (Perlman, 2006).

Since therapeutic hypothermia is still considered an evolving treatment and not totally integrated as a standard of care at this time, it is important for facilities offering this therapy to use an established protocol as dictated in a previous or ongoing trial (Higgins et al., 2006).  Furthermore, these institutions must have the internal resources necessary to manage an acutely ill population that has a myriad of other associated complications.  These resources include diagnostic capabilities as well as advanced pediatric consultation specialties.  Additionally, institutions using hypothermia outside of a clinical trial setting should be prepared to systematically collect data, ensure long-term follow up, and submit data to a national registry such as the Vermont-Oxford Network.  Frontline clinicians providing care must also be knowledgeable of current evidence in order to remain up-to-date and be able to counsel parents regarding the efficacy and safety of hypothermia as it is presumed at this point (Barks, 2008).  

Methods

Search Terms and Definitions

The search terms used were “neonatal” and “therapeutic hypothermia” in the CINAHL Database and in the Cochrane Database of Systematic Reviews.  I used “randomized controlled trials” and “neonatal” and “therapeutic hypothermia” and “hypoxic-ischemic encephalopathy” in the PubMed Database in order to narrow the results.  I searched using very specific terms in order to decrease the number of results to a more manageable number.  Additionally, I focused on the true research article over an opinion article.
Inclusion/Exclusion Criteria

Altogether 95 total papers were found, 42 in Medline/PubMed, 37 in CINHAL, and 16 in Cochrane, of which 39 were unrelated to the treatment topic and an additional 51 were irrelevant, duplicates or of insufficient quality and were excluded due to higher quality articles found in subsequent searches.  A further search of the references of relevant papers yielded 7 articles all of which were later duplicated in the primary searches.  One large randomized controlled trial (RCT) was published and available after the initial search but was included in the summary due to its high quality of evidence.  The 5 most relevant and highest quality papers of RCTs, systematic reviews, or meta-analysis quality were chosen and are summarized in Appendix A. 

Coding


In my analysis of the research data, a few common themes emerged.  The focus of the research was to evaluate the efficacy and safety of neonatal therapeutic hypothermia as an adjunct therapy to conventional intensive care management of patients with hypoxic-ischemic encephalopathy.  The primary outcomes assessed were death, survival with neurodevelopmental disability, and survival without neurodevelopmental disability or cerebral palsy.

Validity of the Findings

The Azzopardi study, the TOBY trial, was a randomized controlled trial involving 325 infants.  The inclusion criteria were very specific for the study population and 494 patients were assessed for eligibility of which 169 were excluded because they did not meet criteria.  The other 75 declined to participate or had undisclosed other reasons.  Baseline characteristics of the infants (including maternal characteristics) were broadly similar between the two groups.  To minimize potential confounding from differential use of supportive care management, uniform guidance was provided on ventilator and circulatory care, management of seizures, sedation, and fluid requirements.  There were minimal patients lost to follow-up, only one in the treatment group and one in the control group.  This study was randomized, the groups were similar at the start of the trial, and they received similar treatment other than the intervention.  The results were reported as relative risk (RR), absolute risk reduction (ARR), relative risk reduction (RRR), and number needed to treat (NNT).  The 95% CI values for the primary outcome of death & severe neurodevelopmental disability (NDD) combined as well as a secondary outcome of survival were fairly narrow although the p-value of the combined outcome of death and severe NDD was not statistically significant. However, the CI and p-values associated with survival without neurological abnormality as well as the presence of cerebral palsy (CP) among survivors were both statistically significant (Azzopardi et al., 2009).  

The Gluckman study, the CoolCap trial, was a RCT involving 234 infants.  The inclusion criteria were very specific and included an amplitude integrated electroencephalography (a-EEG) as a measure of severity of injury.  A total of 541 infants were evaluated and 271 did not meet the entry criteria of which 98 were eliminated based on the a-EEG screen.  Additionally, 35 others were unable to be included due to lack of equipment or consent.  The baseline characteristics of both groups were similar.  The study defined subsequent treatment as the “local standard of care” which may have led to some discrepancies since the study was conducted in 25 centers.  Eight patients from each group were lost to follow up which left 108 in the treatment group and 110 in the control group.  The study was randomized and the groups were similar in make-up.  The groups were adjusted for the severity of a-EEG by a logistic regression model as a larger quantity of patients with severely abnormal a-EEGs (36% to 27%) and low Apgar scores of 0-3 at 10 minutes of life (70%-55%) were in the treatment group which may have initially altered the study results.  The inclusion of a logistic regression analysis further validated the study results as it adjusted for severity of illness.  The results were reported as odds ratio (OR). The 95% CI values for the primary outcome of death or severe NDD and also adjusted were fairly narrow although the p-values of both datasets was not statistically significant.  However, the CI and p-values associated with a pre-defined subgroup analysis suggested that while head cooling had no effect in infants with the most severe a-EEG changes it was beneficial in infants with less severe a-EEG changes (Gluckman et al., 2005).   





Results
Description of Study Characteristics

An integrated literature review of three large randomized controlled trials and two meta-analysis/systemic reviews yielded a significant benefit of therapeutic hypothermia in term neonates experiencing HIE that decreased overall mortality without an associated  increase in morbidity. This is a very important aspect of the efficacy of treatment as interventions that increase survival but with an associated increase in co-morbidities such as neurodevelopmental disabilities would be of less benefit to the survivors.  Current research indicates that the optimum time frame for the initiation of cooling therapy is within the first six hours of life (Verklan, 2009).  All of the studies reviewed enrolled study participants and initiated cooling therapy within the first six hours of life. Gluckman (2005) conducted a large study of 234 term infants demonstrating signs of moderate to severe HIE along with an abnormal a-EEG using selective head cooling to determine the effect on neurodevelopmental outcomes at 18 months of age.  Shankaran (2005) reported on the benefits of whole-body cooling in a study of 239 infants with HIE.  Azzopardi (2009) recently published the results of a multi-center large randomized controlled trial (RCT) of 325 asphyxiated infants comparing intensive care with and without cooling.  The Cochrane review included eight RCTs of 638 infants with evidence of moderate to severe encephalopathy to evaluate the effect of therapeutic hypothermia treatment (Jacobs et al., 2009).  Schulzke (2007) conducted a systematic review of five RCTs and 552 infants to determine the efficacy of cooling for neuroprotection in infants with HIE.  While the Cochrane review and Schulzkes’ meta-analysis provide compelling results supporting the efficacy of therapeutic hypothermia in the presence of HIE, neither were able to include the TOBY trial results in their assessments as it was not yet published. 

Body of the Findings
Adverse Outcome: Death

Gluckman (2005) was unable to demonstrate statistically significant improvement in death or severe disability as a combined outcome of all infants in the study (OR 0.61; 95% CI; 0.34-1.09; p=0.1).  Although, the p-value for study participants classified in the intermediate a-EEG group that died or had severe NDD at 18 months was statistically significant, p=0.02 (Gluckman et al., 2005).  Shankaran (2005) reported that the incidence of death or moderate to severe disability occurred in 45/102 infants in the hypothermia group and in 63/103 of the control group (RR o.72; 95% CI; 0.54-0.95; p=0.01; NNT-6).  The TOBY trial did not show a significant decrease in death combined with disability at 18 months (RR 0.86; 95% CI; 0.68-1.07; p=0.17).   Although there were discrepancies among the cooling modalities as well as the classifications of the severity of disabilities, Schultze (2007) was able to demonstrate an overall positive effect on the primary outcomes assessed, death and disability (RR: 0.78, 95% CI: 0.66-0.92, NNT: 8, 95% CI: 5,20)  as well as death alone (RR: 0.75, 95% CI: 0.59-0.96) and neurodevelopmental disability at 18-22 months (RR: 0.72, 95% CI: 0.53-0.98).  
Adverse Outcome: Neurological Developmental Disability

A sub-group analysis of the Gluckman study segregated the population based on severity of a-EEG.  Sub-group analysis results did show that cooling could safely decrease severe neurodevelopmental disability in survivors with less severe a-EEG changes (OR 0.42; 95% CI; 0.22-0.80; p=0.009) (Gluckman et al., 2005).  The TOBY trial did demonstrate a statistically significant reduction in the severity of neurological outcomes of survivors reported as survived without neurological abnormality (RR 1.57; 95% CI; 1.16-2.12; p=0.003) (Azzopardi et al., 2009).  The Cochrane systematic review demonstrated a statistically significant reduction in the combined rate of death and disability at 18 months (RR 0.76; 95% CI; 0.65-0.89; NNT-7) with therapeutic hypothermia treatment (Jacobs et al., 2009).
Outcome: Healing

The TOBY trial reported statistically significant results of survival without cerebral palsy (RR 0.67; 95% CI; 0.47-0.96; p=0.03).  This statistic supports cooling does not increase disability as it increases survival rates.
Recommendations for Nursing
Therapeutic hypothermia should be an available treatment for neonates presenting with a diagnosis of hypoxic-ischemic encephalopathy (HIE) within the first six hours of life.  To the neonatal population and the clinicians caring for them, therapeutic hypothermia offers a prospective treatment option to a population where treatment has otherwise been limited to supportive therapy and symptom management.  HIE has known devastating consequences and can leave an infant physically and mentally limited for the duration of their life.  This places a huge burden on the infant, their parents, and society stretching all available resources to manage their needs.  Therapeutic hypothermia provided either via whole body cooling or by selective head cooling has been shown to improve mortality rates and long-term outcomes in asphyxiated infants at the 18 month follow-up period.  Most developmental delays will be evident by 18 months of age but the infants in these studies and other future studies should continue to be followed for an extended period to determine if developmental milestones continue to be met throughout early childhood. 
The clinician caring for neonates undergoing therapeutic hypothermia must also be familiar with the potential associated adverse effects seen throughout the multiple RCTs evaluating efficacy.  Some of the events identified by Shankaran et al. (2005) that were observed during the cooling interventional window included arrhythmias, primarily bradycardia, persistent acidosis, alteration in the skin, bleeding, and death.  This study did not statistically evaluate these variables but did classify them as of similar incidence occurring in both the control and treatment groups (Shankaran et al., 2005).  However, Azzopardi et al. (2009) did provide p-values and relative risk for a similar group of adverse outcomes none of which were statistically significant.
Summary

Asphyxial perinatal events resulting in hypoxic-ischemic brain injury is a primary cause associated with life-long neurological deficits of varying severity in children (Shalak & Perlman, 2004).  Hypoxic-ischemic encephalopathy (HIE) occurs in 1-2 infants per 1000 live births (Gluckman et al., 2005).  HIE is a significant global problem as 10-60% of infants affected do not survive and long-term neurodevelopmental disorders affect 25% of all survivors (Jacobs et al., 2007). Neonatal encephalopathy is the cause of over 1 million deaths annually in infants and children worldwide and is the leading cause of death in this population in developing countries.  HIE, the most common form of neonatal encephalopathy, is the most significant perinatal problem impacting term infants (Cowan & Azzopardi, 2007).
Therapeutic hypothermia should be an available treatment for neonates presenting with a diagnosis of hypoxic-ischemic encephalopathy (HIE) within the first six hours of life (Azzopardi et al., (2009).  The emergence of therapeutic hypothermia as a treatment modality that offers neuroprotective benefits to infants with hypoxic-ischemic encephalopathy when no other treatment exists is important to this population (Jacobs et al., 2009).  





Conclusions


The evidence from the high quality RCTs and meta-analysis reviewed in this paper indicates that overall, therapeutic hypothermia (cooling) of neonates with moderate to severe HIE reduces the risk of death or disability at 18 to 22 months without significant adverse effects.  Importantly, mortality is reduced without increasing major disability in survivors.  Despite methodological differences, wide CIs, and lack of long-term follow-up data, the consistency of benefits and its sound scientific basis indicate that cooling maybe an attractive option for neuroprotection in HIE-a condition that lacks any effective treatment at present (Jacobs et al., 2009). 


In light of the positive outcomes demonstrated in the RCTs, therapeutic hypothermia should be offered as a treatment for infants diagnosed with HIE.  It is critical to identify high-risk infants early in order to facilitate strategies and interventions that offer neuroprotection and disrupt the cascade of cellular injury that occurs after a hypoxic event (Perlman, 2006).  While this treatment has not been established as a standard of care, the statistical evidence from the large RCTs and meta-analysis evaluated in this paper is robust.  Cooling has been shown to decrease the rates of death and severe disability among survivors with very few risks associated with the therapy. Therapeutic hypothermia has been proven to offer neuroprotective benefits to infants with hypoxic-ischemic encephalopathy and should be considered for infants presenting with clinical symptoms of encephalopathy (Azzopardi et al., 2009).  Although therapeutic hypothermia has yet to be declared as a standard of care in the neonatal population affected by HIE, its efficacy has been firmly established. Additionally, in light of the fact that there is no other effective therapy available and there is a high association of poor outcomes among patients with HIE, some consider it potentially unethical not to offer hypothermia as a treatment modality to this patient population (Sahni & Sanocka, 2008). 

I am currently employed in the neonatal field and infants who experience an intrapartum asphyxial event have previously had no adjunct therapy other than standard intensive care management.  Therapeutic hypothermia should be considered for infants presenting with clinical symptoms of encephalopathy as it has documented benefits and improved outcomes with few associated risk or adverse events.  Additionally, it does not increase survival with increased disability placing an unwarranted burden on the family and society.
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Appendix A

Literature Evaluation:
	Citation 
	Patient group and Sample Size
	Study Design and

Level of Evidence
	Outcome Variables 
	Key Results (Match Outcome Variables) 
	Study Weaknesses

	Azzopardi (2009)

United Kingdom
	325 infants > 36 weeks gestation with perinatal asphyxia encephalopathy 

Intensive care (n=162)

Intensive care + cooling (n=163)
	RCT

Level II
	Outcomes @ 18 months Cooled vs. ICU Only:

Risk for Death & severe neurodevelopmental disability combined

Survival without neurologic abnormality

Survival without Cerebral Palsy 
	RR 0.86; 95% CI, 0.68-1.07; p=0.17

RR 1.57; 95% CI, 1.16-2.12; p=0.003

RR 0.67; 95% CI, 0.47-0.96, p=0.03
	Multiple and diverse inclusion criteria. Infants born at referral centers and assigned to the cooling group had a different modality of cooling until they could be admitted to the receiving facility where whole body cooling could begin following the standard format.

	Gluckman (2005)

United States


	234 term infants with moderate to severe neonatal encephalopathy and abnormal 
a-EEG 

Head cooling (n=108)

Conventional care (n=110)
	RCT

Level II
	Outcomes @ 18 months Cooled vs. Conventional care:

Death or severe disability combined

Death or severe disability combined and adjusted for severity of aEEG changes via logistic regression model


	OR 0.61; 95% CI, 0.34-1.09, p=0.1

OR 0.57; 95% CI; 0.32-1.01, p=0.05
	Several factors contributed to the overall non-significant effect of hypothermia in our study. More infants in the cooled group showed severely abnormal Apgar scores & aEEG amplitude (this was controlled for in the logistic regression model). The differential treatment effect seen in the subgroup analysis strongly suggests that heterogeneity of the study population was important. The timing of the treatment was > 4 hours for all but 12% of the treatment group. However, by contrast with experimental data there was no greater improvement in those treated soonest and those treated later.

	Jacobs (2007)

United States


	638 infants (8 RCTs) of encephalopathic newborns with evidence of peripartum asphyxia 

Therapeutic hypothermia  

Standard care 
	Systematic review 

Level II
	Primary outcomes @ 18 months Therapeutic hypothermia vs. Standard Care:

Death & major neurodevelopmental disability combined


	RR 0.76; 95% CI, 0.65-0.89; NNT-7
	By clinical necessity the caretakers could not be blinded to the intervention. In each of the 4 trials that assessed the effect of cooling on neurodevelopmental disability the assessors of neurodevelopment were blinded to the treatment group assignment. The effect of treatment group on mortality could be biased by the unblended intervention if it resulted in fewer decisions by caretakers to withdraw support in the intervention group. However, the finding that major neurodevelopmental disability was not increased in treated survivors does not support this speculation. Different cooling methods used among RCTs evaluated.

	Schulzke (2007)

Australia
	552 infants in 5 RCTs 

for term neonates with hypoxic ischemic encephalopathy

Therapeutic hypothermia 

No cooling 
	Systematic review

Level I
	Primary outcome of Therapeutic Hypothermis vs. No cooling:

Death or disability

Death

Neurodevelopmental disability @ 18-22 months
	RR 0.78, 95% CI, 0.66-0.94, NNT 8, 95% CI, 5-20

RR 0.75, 95% CI, 0.59-0.96

RR 0.72, 95% CI, 0.53-0.98
	The subgroup analysis is dominated by two major trials. Differences in the heterogeneity related to various factors including methodology of cooling did not negate similar outcomes among the trials & is reassuring for the generalisability of the findings.

	Shankaran (2005)

United States


	208 infants with a gestational age of ≥ 36 weeks, admitted to the hospital ≤ 6 HOL, with severe acidosis or perinatal complications @ birth & resuscitation @ birth & who had moderate to severe encephalopathy 

Usual care (n=106)

Whole-body cooling (n=102) 
	RCT

Level II
	Primary outcome Usual care vs. Whole-body cooling:

Death or moderate to severe disability


	RR 0.72, 95% CI, 0.54-0.95, ; p=0.01, NNT-6 
	The eligibility of this study did not make use of an aEEG, although data is accumulating to support the possibility that aEEG results predict outcomes after perinal hypoxic-ischemia.









