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ABSTRACT
CONTEXT AND OBJECTIVE: Neonatal hypoxic-ischemic encephalopathy is associated with high morbid-
ity and mortality. Studies have shown that therapeutic hypothermia decreases neurological sequelae and
death. Our aim was therefore to report on a three-year experience of therapeutic hypothermia among
asphyxiated newborns.
DESIGN AND SETTING: Retrospective study, conducted in a university hospital.
METHODS: Thirty-five patients with perinatal asphyxia undergoing body cooling between May 2009
and November 2012 were evaluated.
RESULTS: Thirty-nine infants fulfilled the hypothermia protocol criteria. Four newborns were removed
from study due to refractory septic shock, non-maintenance of temperature and severe coagulopathy. The
median Apgar scores at 1 and 5 minutes were 2 and 5. The main complication was infection, diagnosed
in seven mothers (20%) and 14 newborns (40%). Convulsions occurred in 15 infants (43%). Thirty-one
patients (88.6%) required mechanical ventilation and 14 of them (45%) were extubated within 24 hours.
The duration of mechanical ventilation among the others was 7.7 days. The cooling protocol was started
1.8 hours after birth. All patients showed elevated levels of creatine phosphokinase, creatine phospho-
kinase-MB and lactate dehydrogenase. There was no severe arrhythmia; one newborn (2.9%) presented
controlled coagulopathy. Four patients (11.4%) presented controlled hypotension. Twenty-nine patients
(82.9%) underwent cerebral ultrasonography and 10 of them (34.5%) presented white matter hyper-echo-
genicity. Brain magnetic resonance imaging was performed on 33 infants (94.3%) and 11 of them (33.3%)
presented hypoxic-ischemic changes. The hospital stay was 23 days. All newborns were discharged. Two
patients (5.8%) needed gastrostomy.
CONCLUSION: Hypothermia as therapy for asphyxiated newborns was shown to be safe.

RESUMO
CONTEXTO E OBJETIVO: A encefalopatia hipdxico-isquémica neonatal apresenta alta morbi-mortalidade.
Estudos com hipotermia comprovam diminuicao de sequelas neurolégicas e morte. Nosso objetivo foi
entdo relatar experiéncia de trés anos da hipotermia terapéutica em recém-nascidos (RN) asfixiados.
TIPO DE ESTUDO E LOCAL: Estudo restrospectivo, conduzido em hospital universitario.
METODOS: Trinta e cinco pacientes com asfixia perinatal submetidos a resfriamento corporal entre maio
de 2009 e novembro de 2012 foram avaliados.
RESULTADOS: Trinta e nove RN preencheram os critérios do protocolo de hipotermia. Quatro RN foram
excluidos devido a choque séptico refratario, ndo manutencdo da temperatura e coagulopatia grave.
A mediana do Apgar de 12 e 52 minutos foi de 2 e 5. A maior complicacao foi infeccdo, diagnosticada em
sete maes (20%) e 14 RN (40%). Convulsédo ocorreu em 15 RN (43%). 31 pacientes (88,6%) necessitaram
da ventilacdo mecanica e 14 (45%) foram extubados em 24 horas. O tempo de ventilacdo mecanica dos
demais foi de 7,7 dias. O inicio do resfriamento ocorreu com 1,8 horas de vida. Todos os pacientes apre-
sentaram niveis elevados de creatinofosfoquinase, creatinofosfoquinase-MB e desidrogenase latica. Ndo
se observou arritmia grave; um RN (2,9%) apresentou coagulopatia controlada. Quatro pacientes (11,4%)
tiveram hipotensao controlada. Realizou-se ultrassonografia cerebral em 29 pacientes (82,9%), 10 (34,5%)
com hiperecogenicidade da substancia branca. 33 RN (94,3%) fizeram ressonancia magnética cerebral, 11
(33,3%) com alteracoes hipdxico-isquémicas. O tempo de internacéo foi de 23 dias e todos receberam alta.
Dois pacientes (5,8%) necessitaram de gastrostomia.
CONCLUSAO: A hipotermia como terapéutica para RN asfixiados demonstrou ser segura.
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INTRODUCTION

Perinatal asphyxia consists of decreased metabolic and nutri-
tional intake from mother to fetus, thereby causing low fetal
tissue perfusion, hypoxia, hypercapnia and acidosis. One of its
main consequences is hypoxic-ischemic encephalopathy (HIE),
which occurs in one to three cases per 1000 full-term new-
borns.!? The outcomes from HIE range from intact survival
to death. The spectrum of long-term morbidity among survi-
vors ranges from mild motor and cognitive deficits to cerebral
palsy and severe cognitive deficits.> It used to be believed that
HIE was caused by intrapartum events and umbilical cord pro-
lapse, breech presentation, forceps delivery and maternal fever.*
However, intrapartum factors have been found to be the cause of
HIE in only 4% of affected newborns, while 69% of such cases
have shown evidence of antenatal risk factors such as severe
preeclampsia, maternal thyroid disease, viral infection, moder-
ate to severe vaginal bleeding during pregnancy and maternal
hypertension.>® Restriction of primary and secondary intrauter-
ine growth has also presented a strong association with HIE.*
However, little evidence of antenatal damage has been observed
on brain magnetic resonance imaging (MRI) performed at an
early stage on neonates suffering from HIE.”

Until recently, clinical HIE treatment consisted basically of
neonatal intensive care support, correction of metabolic respi-
ratory and hemodynamic disorders and use of anticonvulsants.
However, studies published over the last eight years have indi-
vidually or collectively shown the effectiveness of using body
hypothermia for HIE treatment, thereby promoting increased
survival without neurological sequelae, with lower morbidity
and mortality.®®

Since the time of Hippocrates, therapeutic hypothermia has
been applied to various clinical conditions. In a book written
by Sir John Floyer, a physician and writer in the 17" century,
a procedure in which a stillborn infant was immersed in cold
water to induce spontaneous breathing is described.!* The his-
tory of modern science has included periodic attempts to stan-
dardize the use of therapeutic hypothermia for a range of cere-
bral injury; this movement has been accelerated by advances
in cardiopulmonary resuscitation.'®"’ Randomized controlled
trials on the effectiveness of therapeutic hypothermia in adult
patients after cardiac arrest have shown improvements in sur-
vival and neurological outcomes. '

Hypothermia reduces brain injury through its impact on
several biological processes. It reduces vasogenic edema, hem-
orrhage and neutrophil infiltration. It limits the release of excit-
atory neurotransmitters and the accumulation of intracellular
calcium. The production of free radicals is restricted by hypo-
thermia, and thus cells and organelles are protected from oxida-

tive damage during reperfusion. Also, it reduces the activation

of cytokine and coagulation cascades by increasing the concen-
tration of interleukin-10, an anti-inflammatory cytokine, and
reducing tumor necrosis factor-alpha. Furthermore, hypother-
mia helps to maintain cerebral metabolism during and after
cerebral attacks by decreasing the metabolic rate of glucose and
oxygen. Through reducing caspase-3 activity and increasing the
expression of the anti-apoptotic protein BCL-2, hypothermia
limits neuronal apoptotic death.'

Among newborns, this therapy consists of reducing body
temperature by three to four degrees Celsius (moderate hypo-
thermia), starting within six hours of birth and continuing for
72 hours. The efficacy and safety of this treatment have been con-
firmed in other studies and meta-analyses, and this has led to the
introduction of hypothermia therapy protocols in daily clinical
practice in many neonatal units worldwide."'¢ Our neonatology
service has been using hypothermia as a routine clinical thera-
peutic practice since 2009 and was the pioneer in introducing a
hypothermia protocol to Brazilian neonatal units, with effective
participation by all the professionals involved in high-risk new-
born care, from birth in the obstetric delivery room to proce-

dures in the neonatal intensive care unit.

OBJECTIVE

Our aim in this study was therefore to report on our experience
of three years of hypothermia therapy on asphyxiated newborns
in a tertiary university hospital, demonstrating the characteris-
tics of the newborn population undergoing this therapy, birth
conditions, clinical complications, adverse effects, features of
body temperature control and follow-up during the stay in the

neonatal unit.

METHODS
This was a retrospective observational study on a cohort of new-
borns with HIE who fulfilled the criteria for inclusion in a total
body cooling protocol at a neonatology service in a tertiary-level
university hospital (Chart 1) and were treated between May 2009
and November 2012. The laboratory tests indicative of perina-
tal asphyxia comprised gas analysis (pH and base excess, BE) on
samples collected from cord blood or from the newborn within
the first hour of life and assays on the enzymes creatine phospho-
kinase (CPK), creatine phosphokinase-MB (CK-MB) and lac-
tate dehydrogenase (LDH) collected from the infant before the
sixth hour of life. Furthermore, we analyzed the time required to
reach the target temperature of 34 °C. The possible adverse effects
evaluated were cardiac arrhythmias, hypotension, coagulopathy,
infection and death.

We performed the following imaging studies: cerebral ultra-
sonography (US) on first day of life and brain computed tomog-

raphy (CT) and/or magnetic resonance imaging (MRI) between
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the 5™ and 21% days. We took into consideration changes in the
analyses that were consistent with hypoxic-ischemic injury.

We used the following assessments to determine the final
outcome during the hospitalization period: length of hospital
stay, mortality and need for gastrostomy.

For the statistical analysis, we firstly performed descrip-
tive analysis on the data. Qualitative variables were represented
as absolute and relative frequencies. Numerical variables were
expressed as mean, median, standard deviation (SD) and mini-
mum and maximum values. In cases in which we found great
variability in the samples, we chose to use the median. We used
the chi-square test to compare qualitative variables and the non-
parametric Kruskal-Wallis test to compare the Apgar variable.
P-values (P) < 0.05 were considered statistically significant. We
used the Minitab-15 statistical software.

The study was approved by our institution’s Ethics Committee

for Human Research.

RESULTS

Thirty-nine infants met the criteria for inclusion in the hypo-
thermia protocol during the study period. Four of them had to
be withdrawn from the study: two developed refractory septic
shock, one failed to maintain a temperature below 34 °C and one
evolved with severe coagulopathy. The perinatal characteristics of
the 35 patients studied are shown in Table 1.

With regard to the type of delivery (vaginal or cesarean),
we did not find any statistically significant difference between
the sexes (P = 0.42). Comparing the type of delivery with the
Apgar scores at 1 and 5 minutes, there were no statistical dif-
ferences (P = 0.096 and 0.287). There were no statistical differ-
ences in the Apgar scores at 1 and 5 minutes in relation to sex
(P =0.847 and 0.296).

Nine pregnant women (25.7%) had no complications dur-
ing pregnancy. The main maternal complication was infection,
diagnosed in seven patients (20%). Infection was also the most
commonly diagnosed complication in the newborns, found
in 14 of them (40%). Five of these (35.7%) had positive blood
cultures. Seizures were diagnosed in 15 newborns (43%): 11 of
them (73.3%) received monotherapy treatment (phenobarbital)
and four (27%) received diphenylhydantoin in association with
phenobarbital.

Thirty-one patients (88.6%) required mechanical ventilation
and 14 (45%) of these patients were extubated within 24 hours of
life. Among the other 17 infants, the duration of mechanical ven-
tilation was 7.7 days (SD = 5.6), with a median of six days.

Body cooling began on average 1.8 hours (SD = 1.8) after
birth (median of 1 hour). The target temperature was attained,
on average, 1.2 hours after the beginning of the protocol, and 21

infants (60%) achieved this temperature within 1 hour.

Chart 1. Total body cooling protocol for infants with hypoxic-
ischemic encephalopathy
Inclusion criteria
Gestational age > 35 weeks
Perinatal hypoxic ischemic event or suspected event
Six hours of life or less
Evidence of moderate or severe encephalopathy (clinical seizure) or
presence of three or more of six categories: 1. Level of consciousness:
lethargy (moderate); stupor/coma (severe) 2. Spontaneous activity:
decreased (moderate); absent (severe) 3. Posture: distal flexion,
full extension (moderate); decerebration (severe) 4. Tonus: focal or
generalized hypotonia (moderate); sagging (severe) 5. Primitive
reflexes: weak or incomplete (moderate); absent (severe) 6. Autonomic
system: miosis, bradycardia, and periodic breathing (moderate),
mydriasis, heart rate variable, apnea (severe)
Associated with two of the following criteria:
Apgar score <5 in the 5% minute
Ventilatory support with 5 minutes of life (orotracheal intubation
or positive pressure ventilation)
pH < 7.1 or base excess > -12 in cord blood gases or from arterial
blood of baby in first hour of life
Exclusion criteria
> 6 hours of life
Birth weight < 2 kg
Major congenital malformations
Inevitable death (judged by the neonatology team)
Cooling
Start within the first 6 hours of life
Record the time of the beginning of the protocol
In delivery room:
Turn off the heated crib
Transportation to the intensive care unit (ICU) in an incubator off
In neonatal ICU:
Turn off the heated crib
Install rectal temperature monitor at 5 cm from the anal verge
and fix; continuous monitoring
Maintain rectal temperature between 33-34 °C. Use ice packs
Record temperature every 30 minutes
Urinary catheter: strict control of diuresis until the end of
rewarming
Safe vascular access
Fasting during period of hypothermia
Fentanyl: 1 mcg/kg/min throughout the procedure and increase
the dose according to pain scores
Skin care
Stop cooling if:
Persistence of hypoxemia with 100% FiO,
Cardiac arrhythmia requiring drug treatment (not sinus)
Inform parents of the risks of hypoxic-ischemic encephalopathy
(HIE), the procedure and the possible benefits
Reheating
Start 72 hours after the beginning of cooling
Heat from 0.2 to 0.5 °C per hour until rectal temperature reaches 36.5 °C
Continuous control of rectal temperature and record every hour
until 24 hours after reaching 36.5 °C
Attention to the need for fluids during rewarming
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All patients from whom CPK, CK-MB and LDH enzyme
samples were obtained showed elevated levels. There was only
one patient without enzyme samples. The initial laboratory
abnormalities are shown in Table 2.

Considering the possible adverse effects resulting from hypo-
thermia, no patient had any arrhythmia other than sinus brady-
cardia and only one patient (2.9%) had coagulopathy requiring
intervention (Table 3). Four (11.4%) of the initial 35 newborns

presented hypotension requiring vasoactive drugs.

Table 1. Perinatal characteristics of patients

Categorical variables Absolute %
frequency
Sex
Male 25 71
Female 10 29
Type of delivery
Normal 16 457
Cesarean section 10 28.6
Forceps 9 25.7
Resuscitation
PPV with mask 2 5.7
OoTl 31 88.6
Cardiac massage 0 0
Drugs 2 5.7

Numerical variables Median Mean (SD) Minimum-maximum

Apgar score

1t minute 2 0-3
5% minute 5 2-7
Birth weight (g) 3290 3362 (302) 2925-4340

PPV = pressure ventilation; OTl = orotracheal intubation;
SD = standard deviation.

Table 2. Laboratory abnormalities

Laboratory tests Mean (SD) Median Minimum-maximum
pH 7.04(0.19) 7.00 6.60-7.40

BE -15.8(5.49) -15.0 -28.80to -3.0
CK-MB (U/L) 450 (939) 232 80-5670

CPK (U/L) 4226 (3618) 3265 329-16895

LDH (U/L) 3666 (4141) 2261 1045-24020

BE = base excess; CPK = creatine phosphokinase; CK-MB = creatine
phosphokinase-MB; LDH = lactate dehydrogenase.

Table 3. Adverse effects and outcome during hospitalization

Adverse effects n %
Arrhythmia 0/35 0
Thrombocytopenia 0/35 0
Coagulopathy 1/35 29
Outcome during hospitalization

Gastrostomy 2/35 5.8
US changes 10/29 345
CT changes 3/8 375
MRI changes 11/33 333
Death 0 0

Mean (SD) Median

Length of hospital stay (days) 23 (23) 14.5

US = Ultrasonography; CT = brain computed tomography;
MRI = magnetic resonance imaging.

The cases prior to March 2011 (16 children) underwent ultraso-
nography and/or computed tomography (CT) and two cases did not
undergo magnetic resonance imaging (MRI) before discharge. From
March 2011 onwards, all the patients underwent MRI. The data
relating to the hospital outcomes are reported in Table 3. Cerebral
ultrasonography was performed on 29 patients (82.9%): 19 (65.5%)
were normal and 10 (34.5%) had hyperechogenicity of white matter.
Brain MRI was performed on 33 infants, and 11 of them (33.3%) had
signs suggestive of hypoxic-ischemic encephalopathy.

All the infants were discharged from the neonatal unit. Only

two patients (5.8%) were discharged with gastrostomy.

DISCUSSION

This study reports on a three-year experience of administer-
ing hypothermia therapy to asphyxiated newborns in a tertiary-
level university hospital. The criteria for infant inclusion and
exclusion were based on previous studies on safety. The ges-
tational age for inclusion in the study (more than 35 weeks)
made it possible to differentiate encephalopathy attributed to
perinatal hypoxia from other problems relating to prematu-
rity.'” Hypothermia is applied within the first six hours of life
because this is the therapeutic window within which the neu-
roprotective effect relating to reduction of cerebral metabo-
lism, reduction of excitatory neurotransmitter activity, suppres-
sion of free radical release, inhibition of the apoptotic process
and reduction of the release of inflammatory mediators is most
effective. In general, the efficacy of the neuroprotective effect
diminishes if the cooling period starts after the therapeutic win-
dow, but evidence suggests that the neurological injury in HIE
cases continues beyond this period.’

The fact that no significant complications attributed to thera-
peutic hypothermia were observed, with successful maintenance
of body temperature within 72 hours, shows that this therapy is
safe and easy to control and maintain when a multidisciplinary
team is involved with the main aim of reducing neurological
sequelae among infants with HIE. Regarding sedation, given that
it is difficult to determine the degree of pain or discomfort in
newborns with HIE who undergo hypothermia, and that opioids
appear to boost the neuroprotective effect of this therapy, we con-
sidered that it would be beneficial to use systematic sedation with
low doses of opioids in this group of infants.’

All the patients with HIE who underwent hypothermia were
kept fasting for 72 hours, in accordance with the protocols of pre-
viously published clinical trials.*** Hypothermia could increase
the already-present risk of occurrences of necrotizing enteroco-
litis secondary to intestinal ischemia and hypoxia. This approach
contributed towards the absence of gastrointestinal complica-
tions in our patients, as also seen in the results from the above-

mentioned studies.®’
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Although we used cold packs rather than thermal mat-
tresses, we did not record any difficulties in maintaining the
temperature within the established goals. Use of gel packs has
been reported to reduce death or developmental delays at six
months of age among infants with HIE, without increasing the
adverse events,'” although use of servo control systems can
avoid temperature fluctuations.? Moreover, we had no diffi-
culties during reheating.

We did not find any serious side effects or complications
that were directly related to hypothermia. As in other stud-
ies,”'* we had cases of sinus bradycardia without hemodynamic
effects. Cooling induces QTc prolongations in hypoxic full-
term newborns that become normal with rewarming.? In our
study, no patient had severe arrhythmia requiring antiarrhyth-
mic intervention.

We had clinical diagnoses of seizures in 15 infants, rep-
resenting 43% of the study group. Electrographic seizures are
common and often nonconvulsive, and their onset occurs over a
broad range of times within the first days of life.> Unfortunately,
amplitude-integrated electroencephalograms (aEEGs) available
for continuous electroencephalographic monitoring were not
available to us. aEEGs might have provided greater accuracy
in diagnosing seizures, since it is known that asphyxiated new-
borns can present neuronal hyperexcitability without evidence
on clinical examination. The changes found on brain US are
not specific to HIE, but changes seen on MRI are more reliable,
especially for demonstrating changes to the basal ganglia and
thalamus. The development and severity of motor deficits due
to perinatal asphyxia correlate with the pattern of brain injury
seen on MRI. MRI provides valuable prognostic information on
hypothermia-treated infants.> There may be a selective neuro-
protective effect on the cerebral cortex from hypothermia, with
improved neurocognitive functioning.** The ideal time to per-
form MRI is between the fifth and eleventh days of life, because
the imaging findings have a better relationship to the neuro-
logical prognosis.”> We observed seizures in only 43% of the
newborns, and there were no deaths, which may have demon-
strated that the profile of the group studied was more similar to
patients with moderate HIE. However, we cannot rule out the
hypothesis that hypothermia is an effective form of therapy for
reducing neurological injuries.

We succeeded in reducing the newborns’ body temperature,
at the beginning of and during hypothermia therapy, and suc-
cessfully performed rewarming. We did not have any potentially
serious complication relating to this therapy. The patients had
favorable outcomes during the hospitalization period, given the
high degree of neurological sequelae in this group of patients.

In most infants with HIE, feeding impairments are pres-

ent from the neonatal period onwards or started within the

first six months.*® Most of our patients were discharged
with oral feeding, which provided hope, both for us and for
the parents, that the neurological outcomes among these
patients will be quite satisfactory, with a better quality of
life. It is necessary to follow this group of newborns clini-
cally and neurologically, in order to better assess the results
from this therapy.

More studies involving hypothermia are needed, with longer
exposure, lower temperatures and selective or whole-body hypo-
thermia, and using other related therapies such as erythropoie-

tin, xenon, melatonin, topiramate and stem cell therapy.?”*

CONCLUSION

We concluded that the use of body hypothermia for neuro-
protection among neonates with HIE within daily practice in
our hospital did not lead to any problems when performed
with a specific protocol and a trained multidisciplinary team.
Hypothermia as a form of therapy for asphyxiated newborns

was shown to be safe.
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