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The objective of this study was to measure outcomes and to determine the safety and effectiveness of mild induced hypot-
hermia in children after traumatic and posthypoxic brain injury.

Methods. Forty patients, following traumatic or posthypoxic brain injury, were involved in the study. Mean age was 10.7 *
0.8 years. Median GCS (Glasgow Coma Scale) was 6.0 (4-7) and mean PIM2 (Pediatric Index of Mortality) 14.6 + 3.8 %.
Results. GOS (Glasgow Outcome Scale) of 5 was assigned for 15 (37.5%) patients, GOS 4 for 14 (35.0%), GOS 3 for 7
(17.5%) and GOS 2 for 4 (10%) patients. The average GOS in patients after severe head trauma was 3.6 = 0.9 points and
in patients with posthypoxic brain injury 5 points, (p < 0.05). No life threatening complications occurred.

Conclusion. Mild induced hypothermia can be safely used in pediatric patents after severe traumatic or posthypoxic brain

injury. This method may be of benefit while improving outcomes in children.
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Introduction

Brain injury is a significant cause of
death and disability in children. At least
one third of survivors sustain mode-
rate to severe neurological sequelae.
Induced hypothermia can be used to
protect the brain from post-ischemic
and traumatic neuronal injury. Neurolo-
gical impairment depends not only on
primary, but also on secondary brain
injury. In case of strangulation or near-
drowning, primary brain injury is initial-
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ly associated with tissue hypoxia and
ischemia, secondary injury occurs from
reperfusion, sustained acidosis, cere-
bral edema, hyperglycemia, release
of excitatory neurotransmitters, seizu-
res, hypotension and impaired cere-
bral autoregulation. In trauma cases,
primary brain injury occurs at the time
of impact, either by a direct injury to
the brain parenchyma or by an injury
to the long white matter tracts through
acceleration — deceleration forces. (1)
Secondary injury is represented by sys-
temic and intracranial events that occur
in response to the primary injury and
further contribute to neuronal damage
and cell death. The systemic events

are hypotension, hypoxia and hyper-
capnia. The intracranial events are a
series of inflammatory changes and
pathophysiological perturbations that
occur immediately after the primary
injury and continue over time. It remains
a challenge to develop therapies that
target multiple injury cascades to suc-
cessfully improve outcome for a hetero-
geneous brain injury group. One highly
promising therapy that targets multiple
pathological mechanisms caused by
traumatic or posthypoxic brain inju-
ry is mild induced hypothermia (MIH).
The use of cold as a therapeutic agent
has received renewed interest in the
last decade though it has a long and
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colorful history reaching back to 3500
B.C., when Edwin Smith Papyrus, the
most ancient medical text known, made
numerous references to the use of cold
as atherapy. (2) In the 18th century sur-
geon-in-chief of the Napoleonic armies,
Baron Dominique Jean Larrey, obser-
ved that severely wounded soldiers
lying closer to the campfires died at a
higher rate than those in more remote,
colder areas. (3) Intentional cooling
to induce a state of hypothermia was
described as clinical therapy for malig-
nancies and head injuries by Temple
Fay in 1938. (2,4) Since the 1950s,
induced hypothermia has been used
in an attempt to attenuate secondary
brain injury following a variety of primary
insults including carbon monoxide poi-
soning, status epilepticus, ischemic
stroke and more recently for patients
with hepatic encephalopathy.(2)

The mechanism by which hypothermia
conveys its neuroprotective effect is
unclear. We know that hypothermia
reduces global cerebral metabolism,
cerebral oxygen demands, lactic acid
accumulation, calcium influx in neu-
rocytes, free radicals production, lipid
peroxidation, posttraumatic level of
excitatory neurotransmitter, inhibition of
apoptosis, and lowers the damage of
cytoskeletal structure. (5)

There is clear evidence of a beneficial
effect of induced hypothermia on neu-
rological outcome in patients following
cardiac arrest (6,7) or in neonates with
hypoxic —ischemic encephalopathy, (8)
but things in traumatic brain injury are
controversial. (9)

In our study we aimed to determine
the safety and effectiveness of MIH
for pediatric patients after traumatic or
posthypoxic brain injury.

Material and methods
Setting

This prospective, observational, clinical
trial was conducted at the Hospital of
Lithuanian University of Health Sciences
(HLUHS), Department of Pediatric Dise-
ases, Kaunas, Lithuania. The study took
place in the Pediatric Intensive Care Unit
(PICU) — an eight bed unit admitting, on
a non — elective basis, approximately
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1000 children per year and providing
the services of a pediatric intensive
care physician, pediatric neurosurgeon,
pediatric surgeon, pediatric neurologist
and radiologist 24 hours a day.

Patients

All pediatric patients treated with mild
induced hypothermia at the PICU
of HLUHS, after severe traumatic or
posthypoxic brain injury, during a 60
— month period (January 1, 2005, to
January 1, 2010), were enrolled. Inclu-
sion criteria were: post-resuscitation
Glasgow Coma Scale (GCS) < 8, or
rapid deterioration of consciousness (2
or more points of GCS in one hour) and
ability to start the hypothermia protocol
in the first six hours after the event.
Patients were divided into two groups
according to the type of injury (trauma-
tic or posthypoxic).

Data collection

In — hospital variables (age, sex, dia-
gnosis, length of PICU stay and arti-
ficial ventilation) were recorded in the
patient’s hospital chartandin an electro-
nic database. Temperature, heart rate,
mean arterial pressure, urine output,
volumes and types of intravenous fluids
administered were recorded hourly on
patients’ care sheets. Laboratory valu-
es (serum sodium, potassium, glucose,
lactate level, blood gases, coagulation
indicators) were analyzed every four
hours. C reactive protein and blood
count were performed daily. Hypother-
mia induced complications were recor-
ded in the patient’s hospital chart at the
moment of their occurrence. GCS and
Pediatric Index of Mortality (PIM2) were
calculated within the first hour of admi-
ssion. Calculation of GCS was based
on eye opening, motor response and
verbal response; calculation of PIM2
was calculated from the eight variables
recorded at the first hour of admission
to the PICU. Rectal temperature was
measured continuously electronically
starting with temperature on arrival to
temperature at the end of rewarming.

Patient care
All patients were artificially ventilated

and received analgesia through conti-
nuous intravenous morphine infusion,
sedation with benzodiazepines and
muscle relaxation intravenously.
Intracranial pressure (ICP) was measu-
red only in patients after traumatic brain
injury. All patients after traumatic brain
injury were treated according to severe
head injury treatment protocol based
on ICP and cerebral perfusion pressure
(CPP) targeted therapy.

Nutritional support by the enteral route
was started during the rewarming period.
Cooling procedures included surface
cooling techniques (cooling blankets,
ice pads and cool pads), gastric lavage
with iced fluid, external ventilator for
body surface cooling and use of room —
temperature air in the ventilation circuit.
The cooling protocol was commenced
within six hours of the event. The aim
of the induction phase was to reach
33-34°C core temperature within 2 —
3 hours. The aim of the maintenance
phase was to maintain core temperature
at 33 — 34°C, to maintain hemodynamic
stability and normal physiological and
laboratory parameters. The duration of
this phase according to our protocol
was 48 hours for traumatic brain injury
and 24 hours for posthypoxic brain
injury. The aim of the rewarming phase
was to achieve normal body temperatu-
re (36 — 37°C). Passive rewarming was
used. The rewarming rate had to be no
faster than 1°C per four — hour period.

Measuring of outcome

Outcome measure was the assessment
of patients according to the five — cate-
gory Glasgow Outcome Scale (GOS),
which was conducted on discharge
from hospital. GOS of 1 was applied to
patients who died, GOS of 2 - for those
who appeared to be in a vegetative
state (unresponsive, unable to interact
with the environment), GOS of 3 — for
severe disability (able to follow com-
mands, unable to live independently),
GOS of 4 — for moderate disability (able
to live independently, unable to return to
work or school), GOS of 5 - for full reco-
very (able to return to work or school).
Outcome was assessed on patient’s
discharge from the hospital.
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Statistical analysis

Statistical analysis was performed with
SPSS 13 for Windows. Quantitative vari-
ables were expressed as mean = stan-
dard deviation or median (interquartile
range) as appropriate. Qualitative vari-
ables were expressed as numbers and
percentages. For comparing distributi-
on of variables in two Mann — Whitney
U test was used. Statistical significance
was taken as p < 0.05.

Results

Patient’s characteristics
Mild hypothermia was used in 43 cases
during the research period. Three pati-
ents were excluded from the study;
one patient was excluded because of
misdiagnosis of encephalitis, one pati-
ent had congenital cerebral dysplasia
and severe psychomotor retardation,
and one patient died on the first day
of admission from severe lung injury
(major aspiration of oilseed rape). The
study involved 40 patients: 27 (67.5%)
boys and 13 (32.53%) girls. Mean age
was 10.7 = 0.8 years, median weight
39.6 (12 - 70) kg, median GCS 6.0 (4
—7) and mean PIM2 14.6 + 3.8 %. The
origin of brain injury was trauma in 30
cases (pedestrian — 10 cases; pass-
enger — 16 cases; falls — 4 cases) and
posthypoxic brain injury in 10 cases
(submersion — 4 cases; strangulation —
5 cases, one patient was buried under
the snow). We had no patients with car-
diac rhythm disturbances in our study.
Baseline characteristics of the patients,
according to the type of brain injury, are
shown in table 1. Demographic data
were similar in both groups, but PIM 2
was significantly higher in the posthy-
poxic group.

Patient management and

length of stay

All patients were managed accord-
ing to strict protocols: cooling proto-
col for all patients plus ICP targeted
severe head trauma protocol for head
trauma patients. Normovolaemia was
maintained in all patients. Thirty three
patients required vasoactive agents for
achieving hemodynamic stability. Dop-
amine was required in 24 (60.0 %) cases
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Table 1. Baseline characteristics of the groups.

Traumatic brain Pos_th_yr_)oxw

injury group brain injury
Characteristic (N = 30) group p value

(N = 10)

Age (years)* 11.0+0.8 101 =18 > 0.05
Male sex — no. (%) 20 (66.7) 7 (70.0) > 0.05
Weight — kg (IQR) 40.0 (20.0 - 60.0) 34.0 (15.0 - 55.0) > 0.05
GCS on admission —
median (IQR) 6 (4.7-8.0) 45 (8.0-6.2) > 0.05
PIM2 on admission* 59 +0.4 40.3 = 12.0 < 0.05

*Means + SD

GCS, Glasgow Coma Scale; IQR, interquartile range; PIM2, Pediatric Index of Mortality.

Table 2. Duration of mechanical ventilation and length-of-stay in PICU and

HLUHS according to type of injury.

Traumatic brain

Posthypoxic

Variable . L p value
injury brain injury

Mechanical ventila- ¢ ¢ . 5 g 32+20 <0.05

tion (days)

Length-of-stay in

PICU (days) 13.0+7.8 47 27 < 0.05

Length-of-stay in 42.4 = 239 14,0 + 9.9 <005

HLUHS (days)

Values are expressed as means + SD

HLUHS, Hospital of Lithuanian University of Health Sciences; PICU, Pediatric Intensive Care

Unit.

and two vasoactive agents — dopamine
+ norepinephrine - were required in
9 (22,5 %) cases. In 7 (17.5 %) cases
vasopressors were not administered.
Distribution of vasopressor require-
ments according to the type of head
injury is shown in figure 1. Enteral nutri-
tion was administered to all patients. No
parenteral nutrition was used.

Mean length of stay in PICU was 10.9 +
7.7 days, whereas total length of hospi-
tal stay was 34.9 = 24.5 days. The mean
duration of mechanical ventilation was
7.5 + 5.4 days. The distribution of ven-
tilation time and length-of-stay in PICU
and UHLUHS according to the type of
injury is shown in table 2. The duration

of mechanical ventilation, length-of-
stay in PICU and total length-of-stay
was significantly longer in patients with
traumatic brain injury as compared with
posthypoxic patients.

Outcome analysis

Full recovery (GOS 5) and moderate
disability (GOS 4) that are designated
as a favorable outcome were present in
29 (72.5 %) cases: GOS 5 was assigned
to 14 (35.0%) patients and GOS 4 to
15 (37.5%) patients. Seven patients
(17.5%) appeared to have severe dis-
ability and 4 (10.0%) a persistent veg-
etative state. Average GOS in patients
after severe head traumawas 3.6 + 0.9

13



100% -

N e

B%

T

6%

EINot required

5%

0%

30%

0%

10%

0% T

[0Dopaminet+norepinephrine

ODopamine

Traumatic brain injury Posthypoxic brain injury

p<0.05

Figure 1. Requirements of vasoactive drugs according to the type of head

injury.

points and in patients with posthypoxic
brain injury 5 points, (p < 0.05). All
patients after posthypoxic brain injury
fully recovered. The distribution of GOS
in patients after traumatic brain injury is
shown in figure 2.

Safety

A lot of medical problems occurred in
the MIH patients. The most frequent
problem was airways infection. It was
ascertained in 29 (72.5%) patients
and occurred mostly on the second
day of ventilation. Sepsis was diag-
nosed in 3 (7.5%) patients, but it was
confirmed by blood culture in only
one case. Hypokalemia, defined as a
serum potassium level lower than 3.8
mmol/l, was observed in 32 (80.06%)
patients and ranged from 2.4 mmol/l to
3.5 mmol/l. No life threatening compli-
cations occurred due to hypokalemia
and it was easily correctable. Other
life threatening complications such as
arrhythmia, pancreatitis, coagulative or
renal disorders were not observed.

Discussion

Our results show that MIH in pediatric
patients after posthypoxic brain inju-
ry resulted in a favorable outcome. A
favorable outcome in posttraumatic
brain injury was seen in 65% of trauma
patients. Hypothermia did not cause any
life threatening complications in both
groups. The rate of patients with airway
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Figure 2. Distribution of Glasgow
Outcome Scale (GOS)in traumatic
brain injury group.

infection was not higher than expected
in other ventilated patients. Electrolyte
disturbances were not severe and were
easily correctable. Patients with post-
hypoxic brain injury had worse PIM2 on
admission, but the outcome of these
patients was better. Of course, the situ-
ation following traumatic brain injury
is more complicated and outcome
depends not only on secondary, but
also on primary brain injury. In the study
by Berger et al., peak levels of a serum
biomarker of neuronal death, neuron-
specific enolase, occurred days after
cardiac arrest, whereas they occurred
within a few hours of traumatic brain
injury. (10) The only neuroprotective
therapy used in cardiac arrest is mild
hypothermia, while in traumatic brain
injury myriad intracranial pressure —
directed therapies may confer a variety
of neuroprotective actions, thus raising
the bar for hypothermia to show benefit.

(11) Children suffer primary traumatic
brain injury similar to that in adults,
but approximately 50% of children will
develop diffuse cerebral swelling in the
early hours after trauma. (12) In 2002,
two clinical trials proved that imple-
mentation of therapeutic hypothermia
for survival in adult patients after out
— of — hospital cardiac arrest results in
good neurological outcome. (6,7) As
we know, cardiac arrest due to cardiac
rhythm disturbances in children is very
rare. Accidents such as trauma, stran-
gulation and near drowning are more
frequent reasons for secondary brain
injury in children, resulting in poor neu-
rologic outcome. Some studies in adults
showed that therapeutic hypothermia
may reduce the risks of mortality and
poor neurologic outcome in adults with
traumatic brain injury, (13,14) but the
authors state, that the evidence was not
sufficient to recommend routine use of
therapeutic hypothermia for traumatic
brain injury outside of research set-
tings. (15) Hypothermia affects many
intracellular processes. Some of these
are directly related to its neuroprotective
effects. Studies show, that hypothermia
tends to decrease protein oxidation and
attenuates oxidative stress after severe
traumatic brain injury in infants and chil-
dren. (16) Butinduction of hypothermia
causes a large number of physiological
changes in the circulatory and respira-
tory systems, coagulation system, drug
metabolism, (17) thus it can increase
bleeding time due to its effect on plate-
let count, increase risk of arrhythmias
as well as impair immune function. The
physiological and pathophysiological
effects of cooling largely depend on the
degree of hypothermia. For example, a
significant risk for severe arrhythmias
occurs only at temperatures below 28 —
30°C and is very low during mild or mod-
erate hypothermia. Bourdages M et al.
showed that hypothermic patients have
lower heart rates than normothermic
patients, but none had severe brady-
cardia. The most frequent arrhythmias
were isolated premature atrial contrac-
tions. Most arrhythmias were of short
duration and did not alter hemodynam-
ic status. Additionally, the difference in
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the incidence of arrhythmias between
the hypothermic and normothermic
group was not statistically significant.
(18) We did not record any arrhyth-
mias, due to cooling itself or electro-
lyte disturbances, in our study and we
had no bleeding or any platelet count
decrease in our patients. Hypothermia,
therapeutic or accidental, is usually
accompanied by electrolyte alterations,
especially hypokalemia. The plasma
potassium level corresponds to chang-
es in plasma phosphate (P) level and
that may have a role in the physiological
derangements that occur during mod-
erate hypothermia, because P is impor-
tant for energy metabolism or blood
pressure regulation. (19) Arrhythmias
may be the result of hypomagnesae-
mia, induced by cooling patients, that’s
why prophylactic electrolyte supple-
mentation should be considered and
electrolyte levels should be monitored
frequently. (20) Serum electrolytes were
measured every four hours according
to our protocol. Though hypokalemia
was observed in 80% of patients, it was
easily correctable and no life threaten-
ing complications occurred.

Studies show, that mild induced hypo-
thermia is likely a safe therapeutic inter-
vention for children after severe trau-
matic brain injury up to 24 hours after
injury. (21) In our study we provided
cooling for 48 hours in trauma patients
and 24 hours in posthypoxic patients.
After a pretrial study (22) in which the
ability of the investigators to adhere to
the clinical protocols of care, including
the cooling and rewarming procedures
as well as management guidelines in
pediatric patients with severe traumatic
brain injury, was evaluated, a multi-
center, international trial of 225 children
after severe traumatic brain injury was
initiated. The results of this study show,
that in children with severe traumatic
brain injury, hypothermia therapy that
is initiated within 8 hours after injury
and continued for 24 hours does not
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improve neurologic outcome and may
increase mortality. (9) One can ask
whether hypothermia does more harm
than good in children after severe trau-
matic brain injury. However, there is
a big difference in the mechanism of
brain injury after trauma or hypoxia.
Peak neuronal death occurs days after
a hypoxic episode, but hours after trau-
matic brain injury, (13) so the neuropro-
tective effect of hypothermia in case of
traumatic brain injury depends on the
time at which the cooling protocol is
started and the aimed core temperature
reached as well as on the duration of
treatment and the rewarming speed.
(15,23) In Hutchinson’s study, core
temperature at a mean of 32.5°C was
maintained for 24 hours. It is possible,
that starting the cooling protocol earlier,
maintaining the aimed temperature for
longer and rewarming at a slower rate
may have improved outcomes. Recent
studies show that even pre-hospital
induction of therapeutic hypothermia
using infusions of 4°C normal saline
during advanced life support is fea-
sible, effective and safe. (24,25) Some
authors are raising the question of local
cooling of the traumatized brain, (26)
which is quite effective in neonates, (27)
butis not as effective in adults and are
is not available for general clinical use.
(26) Our study suggests that it may
be beneficial starting the cooling pro-
tocol within six hours and maintaining
MIH protocol for 48 hours in traumatic
brain injury patients and for 24 hours in
posthypoxic brain injury patients. We
think that longer periods of cooling do
not cause more complications if the
protocol is used with great attention
to the prevention of side effects. Con-
tinuous hemodynamic and intracranial
pressure monitoring in head trauma
patients and frequent monitoring of
electrolyte levels are essential.

There are no randomized trials concern-
ing the efficacy of induced hypothermia
after posthypoxic braininjury in children.

It is proven that induced hypothermia
reduces the risk of death and disability
in neonates with moderate or severe
hypoxic —ischemic encephalopathy, (8)
and there are some case reports about
improved neurological outcome while
using induced hypothermia in children
who appeared to be near drowning
victims. (28) In our study, children after
posthypoxic injury had significantly
worse admission scores, but their out-
come was significantly better (all five
children had GOS of 5 on discharge)
than children with severe head trauma.
One of the points to note is that in two
cases of submersion cold water, the
children’s body temperature was low-
ered so we can say that cooling began
at the time of the accident. On the other
hand, posthypoxic brain injury has
other pathophysiological mechanisms
compared to severe head trauma, and
that also affects outcomes.

In conclusion we want to state, that
MIH is a safe and feasible treatment in
children with traumatic or posthypoxic
brain injury and it has a potential ben-
efit on outcomes. Further studies are
required for determining the optimal
time of onset, duration and temperature
of hypothermia, as well as for produc-
ing proper protocols for its manage-
ment, because sometimes potentially
beneficial treatments are under used
for various reasons, such as the with-
drawal of active treatment due to poor
prognosis, a long delay in reaching
target temperature, or thinking, that it
will prolong the intensive care unit (ICU)
stay and thus cause a potential burden
on resources. (29)

Conclusions

Efforts to improve outcomes in children
after brain injury are extremely impor-
tant. Mild induced hypothermia can be
safely used in pediatric patents after
severe traumatic or posthypoxic brain
injury. This method may be of benefit
while improving outcomes in children.
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