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ABSTRACT

Introduction: Experimental evidence, as well as improved clinical studies of the
reduction of brain injury and, improves the neurological outcome, in newborns with
hypoxic-ischemic encephalopathy (HIE) occurring in therapeutic hypothermia (TH).
Objective: To verify the potential of hypothermic hypoxic-ischemic encephalopathy
(HIE) therapy in neonatal asphyxia, based on literature data, comparing the benefits
between selective head cooling (SHC) and whole-body cooling (WBC), see that the
use of TH as a standard treatment in newborns with moderate or severe HIE has been
adopted. Methods: A search was performed in the PubMed and SciELO databases
of human studies, using the keywords “Therapeutic Hypothermia’, “Induced
Hypothermia”, and “Hypoxic-Ischemic Encephalopathy”, “Selective cooling of the
head”, “Total body cooling” and its variables. Results: Eleven articles were selected to
compose the review, after detailed reading. There is a consensus, that the reduction
of the risk of death or disability at 18 months of life in neonates with moderate to
severe HIE, occurs to TH through the techniques of WBC or SHC. It was found in the
studies that there is no difference in terms of adverse effects between the two methods.
As for radiological changes, such as hypoxic-ischemic injuries and the incidence of
seizures after cooling, they are more frequent with SHC. Conclusion: Both WBC and
SHC demonstrated neuroprotective properties, although WBC provides a broader
area of brain protection. However, no significant differences were found between the
methods in terms of adverse effects and beneficial short or long-term results.

Keywords: hypothermia, induced; brain diseases; hypoxia-ischemia, brain; infant, newborn.

INTRODUCTION

The hypoxic-ischemic encephalopathy (HIE) is one of the most alarming conditions
in newborns worldwide, with an incidence ranging from 2 to 6 per 1,000 live births,
being higher in less developed countries'. In Brazil, it is the second cause of neonatal
mortality when considering the first day or the first week of life%. HIE leads to death in
60% of affected infants®, with at least 25% of survivors having long-term neurological

sequelae®. The severity of the insult varies with gestational age, with the most severe
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newborns being those with a high degree of cerebral vascular im-
maturity and subjected to a longer time of aggression® Since 2010,
neonatal resuscitation guidelines have recommended the use of
therapeutic hypothermia (TH) as standard treatment in new-
borns with moderate or severe HIE®®.

TH aims to reduce brain metabolism by approximately 5% for
every 1°C reduction. Such procedure has been proven to have
neuroprotective properties by modifying cells programmed for
apoptosis, leading to survival by reducing the metabolic rate of
the brain, attenuating the release of excitatory amino acids (glu-
tamate, dopamine), ameliorating ischemic damage by glutamate
uptake, and decreasing nitric oxide and free radical production,
thus reducing neuronal death. Other strategies involved are re-

duction of reactive oxygen species production, a decrease of

Table 1: Main characteristics of the selected articles.

metabolic rate with the decay of oxygen consumption and car-
bon dioxide production, and some endogenous neuroprotective
effect*”. The moment of transition from the recovery period to the
second phase of the injury is what allows a potential window for
neuroprotection or reduction of this injury, so treatment with TH
should be initiated in the first 6 hours of life and continued for 72
hours?**. Some criteria should be followed for the application of
TH (Table 1).

The interventions are primarily used in two methods: selective
head cooling (SHC) and whole-body cooling (WBC)> Olympic
Cool-Cap, which provides selective head cooling with mild system-
ic hypothermia, was the first cooling method approved by the FDA
in 2006 to be used in newborns with HIE* WBC cools the brain
uniformly, while SHC cools the superficial brain more intensely
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Whole-body cooling to a temperature of 33.5 degrees,
started within 6h and maintained for 72h reduced deaths
and moderate or severe disabilities in full-term infants

The maximum benefit of hypothermia occurs when started
within 6 hours, limited neuroprotection was observed
when started within 12h. Treatment for 72 hours is
suggested if body cooling of 3 to 4 degrees is followed.
Uncertainty about the benefit of selective head cooling
over whole body cooling

Hypoxic-ischemic lesions seen on NMR after therapeutic
cooling are more frequent in selective head cooling
compared with whole-body cooling

There is no difference between selective head cooling and
whole-body cooling methods in terms of adverse effects
and short-term results.

Except in severe encephalopathies, selective cooling
of the head early after birth can be an effective
procedure in reducing the development of long-term
sequelae and disability

Cooling neonates with moderate to severe hypoxic-
ischemic encephalopathy reduces the risk of death

or sequelae by 18 to 22 months without significant
adverse effects.

Pulmonary dysfunction in newborns with asphyxia during
therapeutic hypothermia is common but not severe. Any of
the established cooling protocols can be adopted without
concern for worsening pulmonary dysfunction
Therapeutic hypothermia significantly reduces morbidity
and mortality in many newborns with moderate
encephalopathy. However, it emphasizes the need for
association with other neuroprotective strategies.

It showed no significant reduction in the combined rates
of death and severe disability with cooling, but it did show
significant improvement in several secondary neurological
outcomes among survivors.

The components of organ dysfunction in newborns

with asphyxia during cooling are similar to the cooling
techniques. Concerns regarding different effects on
multiple organ dysfunction should not be considered when
selecting one method over the other.

Both cooling methods were equally effective, with similar
short-term outcomes and risk of adverse events.
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than its deeper structures’. Although WBC is more popular and
more commonly explored today, SHC is still used because it is be-
lieved to minimize the potential side effects of hypothermia>".

Given the above, given the severity of HIE and the importance
of early therapy in these patients, the article aims to verify the
potentiality of hypothermic HIE therapy in neonatal asphyxia,
based on literature data, comparing the benefits between WBC
and SHC.

METHODS

The primary endpoint of this study was the systematic evalu-
ation and characterization of the distinct methods of TH appli-
cation, particularly WBC and SHC techniques, applied in the
management of pediatric cases of HIE. The primary analysis fo-
cused on the gestational age of newborns, gender, clinical mani-
festations at birth, presence of criteria for the diagnosis of HIE,
application of induced hypothermia therapy and other adjuvant
treatments, taking into consideration the time of treatment and its
techniques, outcomes and adverse events directly associated with
the therapeutic tools employed.

An extensive search strategy was designed to retrieve all ar-
ticles published by November 30, 2020, describing the different
methods of application of TH and its effectiveness and inherent
safety in the treatment of HIE by combining the generic terms
“Therapeutic Hypothermia,” “
Ischemic Encephalopathy” in PubMed and SciELO databases.

Following the quality standards for reporting observational stud-

»

Induced Hypothermia,” “Hypoxic-

ies, seven independent researchers reviewed the 36 articles found.
The same researchers independently evaluated the full texts of the
records deemed eligible for inclusion. Any discrepancies were re-
solved by discussion and consensus.

The risk of bias for eligible observational studies (cross-section-
al and case-control) was assessed according to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline''. Two investigators independently
assigned an overall risk of bias to each eligible study, and if they
disagreed, a third reviewer was consulted. Studies with a risk of
bias were excluded. Inclusion criteria were observational studies
originating from worldwide human-based perinatal care centers
and pediatric intensive care units and assigned to newborns with
a gestational age of 35 weeks or older who met the diagnostic cri-
teria for HIE, as seen in American College of Obstetricians and
Gynecologists criteria'?. Exclusion criteria were studies not based
on humans and involved in their sampling cases that did not meet
the diagnostic criteria for HIE or with congenital malformations,
life-threatening abnormalities and extremely poor prognosis
(Apgar score 0 for more than 10 minutes of life) or inability to ini-
tiate treatment within the first six hours of the life of the newborn

or refusal of consent by a parent or responsible neonatologist.

https://doi.org/10.7322/abcshs.2021015.1742

Two independent reviewers extracted data from each eligible
study using a standardized data extraction spreadsheet and then
cross-referenced the results. Disagreements between the review-
ers regarding the extracted data were resolved through discussion
and consensus by a third reviewer. The following information was
extracted: first author’s name, publication date, study type, and
origin, gestational age of the newborns evaluated, therapies ad-
ministered, adverse events derived from the therapeutic modali-
ties applied, and short- and long-term outcomes.

We found 36 studies that met at least one of the recorded
inclusion criteria. After applying the exclusion criteria, 22
pieces of evidence were excluded because they presented stud-
ies based on animals or were not directly related to the theme.
Subsequently, three articles were excluded for not meeting the
review objectives. Based on the inclusion criteria, 11 studies
were selected, see the flow demonstrating the search strategy

used (Figure 1).

RESULTS

Eleven studies that met the recorded inclusion criteria were se-
lected. Table 1 summarizes their main characteristics (Table 1).

Evidence from randomized clinical trials indicates a reduction
in the risk of death or disability at 18 months (delayed neurode-
velopment) in neonates with moderate to severe IHN undergoing
TH, which is a relevant option for neuroprotection. This positive
effect has been demonstrated with cooling (33.5 °C to 34.5 °C), up
to six hours after birth, and in neonates with a GA greater than 35
weeks, using the WBC and SHC techniques®*.

Articles identified
through the SciELO
database (n=4)

Articles identified using
the PubMed database
(n=32)

A

Articles excluded by title or

Identification

abstract, or duplicates or
after applying search filters
(n=22)

Total articles selected
(n=36) >

A

Selected Articles for Full Articles excluded for not

Reading (n=14) fitting the review

objective (n=3)

Total of Articles included
for the present review
(n=11)

| Inclusion Eligibility Screening

Figure 1: Flow chart to demonstrate the search strategy used,
excluded, and included studies.
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In a systematic review study, a subgroup analysis of the studies
by Gluckman et al."* and Shankaran et al.* regarding the cooling
technique indicated no significant reduction in mortality after
SHC. However, WBC did have a protective effect. This is due to
the different ways of sample selection, with Gluckman et al.'* hav-
ing selected a higher proportion of neonates with lower Apgar
scores, integrated amplitude electroencephalogram (aEEG) back-
ground activity, and severe encephalopathy, leading to a less fa-
vorable outcome.

A clinical trial involved newborns older than 35 weeks, di-
agnosed with moderate or severe HIE, randomly assigned to
the SHC and WBC methods, intending to maintain a rectal
temperature between 33 and 34°C in the WBC method and
between 34 and 35°C in the SHC method for 72 hours. There
was no significant difference in terms of adverse effects related
to cooling therapy between the two groups. As for short-term
outcomes, it was found that the average length of hospital stay
was 34 days in the SHC group and 18 days in the WBC group,
without, however, showing statistical significance (p=0.097).
At the end of the study, it was found that there is no difference
between the methods in terms of adverse effects and short-

term outcomes'®.

Adverse Effects

Potential adverse systemic effects, including cardiovascular,
pulmonary, hematological, and metabolic complications appear
to be proportional to the degree of cooling’®, occurring most com-
monly when the temperature was below 30°C'¢.

In a multicenter randomized study, Azzopardi et al.”
when performing the Total Body Hypothermia for Neonatal
Encephalopathy Trial (TOBY) protocol, observed adverse effects
presence of venous thrombosis, renal failure requiring dialysis,
pneumonia, air leak syndrome, longer hospital stay, intracranial
hemorrhage, persistent arterial hypotension, pulmonary hem-
orrhage, persistent pulmonary hypertension of the newborn
(PPHN) prolonged blood clotting time, culture-confirmed sepsis,
and thrombocytopenia.

Thrombocytopenia is one of the main adverse effects of TH,
probably due to the different settings and platelet counting times>.
When comparing cooling techniques, no significant differences
were detected between the methods regarding the increased risk

of thrombocytopenia®'.

Multiple organ dysfunction

The multiorgan dysfunction is a consequence of the circulatory
adaptation that occurs after the asphyxia process, with the ad-
verse effects of PH being superimposed by the hypoxic-ischemic
syndrome. The cardiac output is redistributed aiming to preserve
perfusion of the noblest areas (heart, central nervous system, and
adrenals) to the detriment of other organs. TH can cause vasocon-
striction, hemoconcentration, and hyperviscosity, leading to pul-
monary dysfunction''. The important events of multiple organ
dysfunction'® are defined in Table 2.

It is hypothesized that by effectively cooling the brain,
with less systemic hypothermia, SHC may cause less system-
ic adverse effects's. On the other hand, there are also doubts
as to the real benefit of SHC on organs other than the brain,
since this method aims to adequately cool the brain with a
small reduction in head temperature, while the rest of the
body is heated®.

Sarkar et al.”'® conducted nonrandomized observational
studies comparing the effects of multiorgan dysfunction and
pulmonary dysfunction specifically, in the different techniques
(SHC and WBC) in two separate publications, but evaluating
the same sample of neonates. Demographic characteristics, and
clinical and laboratory evidence of an intrapartum hypoxic-
ischemic event were similar across groups. Of the 59 newborns
in the sample, 28 of them received WBC and 31 of them received
SHC. Dysfunctions during cooling were similar between the two
methods, and it was not possible to establish a safer technique
in this respect.

About pulmonary dysfunction specifically, its incidence was
96% of the neonates with HIE submitted to TH. Despite the high
incidence, it was of low intensity and did not vary during the pro-
cedure, regardless of the method, except for 15% who developed
PPHN, with more severe repercussions".

When compared to control groups (without TH) with moder-
ate to severe encephalopathy from other studies, the incidence
of PPHN was lower or equal. Regarding the different techniques,
there were no significant differences (p=0.72), having low inci-
dence in both (WBC 17.8% x SHC 12.9%,). This suggests that
the occurrence of PPHN is not related to moderate therapeutic
hypothermia nor the cooling methods, it probably occurs due to
perinatal stressors, for example, meconium aspiration or pulmo-

nary hemorrhage.

Table 2: Defining the important events of multiple organ dysfunction. Sarkar et al. '®

1. Cardiac dysfunction (mean arterial pressure <40 mm Hg treated with vasopressors for > 24 h);

2. Renal dysfunction (oliguria with urine output <0.5 ml kg —1h—1 for >24 h after birth, or increased serum creatinine with peak serum creatinine >0.9 mgdi-1);
3. Pulmonary dysfunction (presence of clinical respiratory distress along with the need for positive pressure ventilatory support and supplemental oxygen);
4. Coagulopathy (disseminated intravascular coagulation or hepatic coagulopathy, with or without associated clinical bleeding);

5. Suppression of bone marrow (platelet count <100,000 pl-1);
6. hyponatremia (serum sodium <130 mmol I-1);

7. hypokalemia (serum potassium <3.5 mmol |-1);

8. hypocalcemia (serum calcium <8 mg dI-1).

https://doi.org/10.7322/abcshs.2021015.1742
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Intrinsic brain changes and imaging examinations
Although experimental evidence has shown that SHC can be ef-
fective, there is the possibility of damage to deeper structures of the
brain, and it is uncertain whether SHC alone is effective in reducing
the temperature of these areas. Another factor of concern is the lack
of accurate, non-invasive methods to measure the temperature of
brain regions, thus a major drawback regarding this method?®.

In a study in which nuclear magnetic resonance (NMR) scans
of 83 cooled infants were analyzed, hypoxic-ischemic lesions were
evidenced in 47 of them. Hypoxic-ischemic lesions on brain NMR
after therapeutic cooling were found to be more frequent with SHC
compared to WBC. The mean score used to assess the severity of
NMR brain lesions is also higher in infants who received SHC.
In addition, although no brain NMR findings were reported, this
study described a higher incidence of seizures requiring anticon-
vulsants in neonates treated with SHC compared to WBC’.

A clinical trial involving 34 newborns evaluated whether hy-
pothermia alters the patterns of injury commonly identified in
neonates with HIE. In particular, lesions in the basal ganglia,
thalamus, and posterior part of the internal capsule are predic-
tive of paralysis in neonates with HIE. Less commonly, neonates
who sustain lesions primarily in the white matter are subject to
cognitive changes and later disabilities; the more extensive the ab-
normalities in the white matter, the more pronounced the impair-
ments. There were no unusual patterns of injury in the neonates
treated with hypothermia, and the prevalence of hemorrhage was
similar in all groups. The patterns of brain injury documented in
the neonates who underwent cooling were similar to those seen
and reported previously and after HIE. Cortical abnormality often
accompanies the classic lesions seen in the basal nuclei and thala-
mus after acute ischemic hypoxia. These cortical abnormalities are
most often seen along the central sulcus and the medial portion
of the interhemispheric fissure. No differences were shown in the
imaging patterns of cortical abnormalities in infants who were

cooled or uncooled’.

DISCUSSION

To have experimental clinical evidence that the use of TH
causes a reduction in brain injury and better neurological out-
comes for newborns submitted to it, randomized studies have
been conducted for more than a decade, focused on this investi-
gation. Most clinical trials are based on one form of hypothermia,
either head hypothermia alone or body hypothermia, compared
to the standard treatment (normothermia)®. The current chal-
lenge is due, in part, to the different ways in which TH is applied,
in a quest to designate which presents the best infant outcome®.

Based on the evidence, WBC provides homogeneous cooling
that covers the brain in a generalized way, peripheral and central
regions. Whereas SHC provides cooling that is more selective for

https://doi.org/10.7322/abcshs.2021015.1742

the cortical region of the brain than for the central structures. The
adverse effects in the articles studied were not significantly differ-
ent concerning vital organ dysfunction® Peripartum asphyxia re-
mains an important cause of long-term neurosensory disabilities
and impairments. TH improves survival and neurodevelopment
in newborns with HIE by both SHC and WBC. Although TH has
better outcomes in moderate compared to severe HIE, current
evidence supports initiating TH as soon as possible after birth for
newborns with moderate to severe HIE*.

Cooling should be performed as soon as possible after the isch-
emic hypoxic event and started within at least 6 hours for the therapy
to have the desired effect'>*'. The cooling temperature should be
throughout the hypothermia period above 33°C; temperatures below
32°C are less neuroprotective and below 30°C severe systemic ad-
verse effects have been observed in addition to increased mortality*.

The supposed greater systemic protection in SHC has not
proven true, studies have obtained similar organ dysfunction re-
sults between the cooling techniques, suggesting that concerns
regarding a differential effect of SHC versus WBC on systemic
protection, should not determine the choice of TH method!.
Regarding the long-term neurodevelopment of those treated with
TH, most evidence favored the hypothermia group over the con-
trol group, although the differences are modest*.

Follow-up evaluation at 18 months and then at 7 to 8 years of
age is important in determining prognosis. Children with en-
cephalopathy who were treated with hypothermia shortly after
birth were significantly more likely to survive with an Intelligence
Quotient (IQ) score of 85 or higher at six and seven years of age
than children who did not have this therapy. When compared
with the control group, there was a higher proportion of survivors
in the TH group with an IQ score of 85 or higher, and the fre-
quency of moderate to severe disability was lower?.

Hypothermia is safe and has become the standard of care for
neonatal HIE, and it is important to establish extended multidisci-
plinary follow-up to assess cognitive, motor, and psychoeducational

outcomes to contribute to the discovery of further future benefits®.

Conclusion

TH is a neuroprotective technique indicated for newborns with
perinatal asphyxia and HIE. Both WBC and SHC have demon-
strated neuroprotective properties, although WBC provides a
wider area of brain protection. WBC constitutes the most widely
used technique today, evidence suggests that there is no superior-
ity of one method over the other, as no significant differences have
been found regarding adverse effects and short- and long-term
beneficial outcomes. Therefore, randomized studies with larger
samples are needed, as well as trials that aim to discover more
advantages related to the evolution of patients, to determine the
best method and safety of TH.
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