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Critical care management of severe head injury in children

Agir kafa travmali cocuklarin yogun bakim tnitesinde tedavisi

Soner SAHIN, Ahmet BEKAR, Seref DOGAN, Hasan KOCAELI, Kaya AKSOY

AMAC

Agir kafa travmali cocuklarda sonu¢ skorunu etkileye-
cek Klinik, travmatik belirleyici faktorlerle iliskin skalalarin
birlikteliginin analizi

GEREC VE YONTEM

Ocak 1996-Eylil 2003 tarihleri arasinda noroloji yogun
bakim tnitemize bagvuran 55 agir kafa travmali cocuk hasta
retrospektif olarak incelendi. Tum hastalar acilen bilgisayar-
I1 tomografiyle hastaligin siddet derecesi ve intrakraniyal
travmalarin hipoksi, hipotansiyon, hematolojik ve metabo-
lik degisiklikler gibi sekonder nedenleri acisindan degerlen-
dirildi. Sonu¢ analizleri Glasgow sonug¢ skalasiyla travma
sonrasl 6. ayda degerlendirildi.

BULGULAR

Otuz bir hasta (% 57) kabul edilemez, 24 (% 43) hasta
ise kabul edilebilir sonu¢ skoruyla iyilesmistir. Agir kafa
travmali cocuklarda ¢cok degiskenli analiz ile ortalama sisto-
lik kan basinct, hipoksi, hipotansiyon varligi, basvuru anin-
daki Glasgow koma skoru ve coklu intrakraniyal lezyon var-
higinin anlamh belirleyici faktorler oldugu gosterildi (p<
0,05) Kafa travmasindan sonraki basvuru anindaki lokosit
duzeyi ve kan glikoz duizeyleriyle Glasgow sonuc skoru
(GOS) arasinda istatistiksel acidan anlaml bir farklihk bu-
lunamada.

SONUC

Bu calisma cocuk hastalarda agir kafa travmasina iliskin
Kklinik ve radyolojik bulgularla prognostik faktorleri tanimla-
maktadir. Agir kafa travmali cocuklarda tedavinin hedefleri
hasarlanmayi artiracak nedenlerin 6nlenmesi kafaici basin-
cinin normallestirilmesi, arter kan gazlari ve sistemik kan
basincinin optimize edilmesidir.

Anabhtar sézciikler: agir kafa travmasi, pediatrik Glasgow
sonug skoru, prognostik faktorler, Glasgow koma skalas1

BACKGROUND
Our aim was to analyze prognostic factors and their asso-
ciation with outcome among children with severe head injury.

METHODS

We conducted a retrospective study among children
(n=55) with severe head injury [Glasgow Coma Score (GCS)
<8] who were admitted to our Neurosurgical Intensive Care
Unit (ICU) from January 1996 to September 2003. The pati-
ents were immediately evaluated with cranial computed to-
mography (CT) for the severity of head injury as well as for
the causes of secondary insults such as hypoxia and hypo-
tension, metabolic and hematological alterations. Outcome
analysis was assessed according to Glasgow Outcome Scale
Score (GOS) six months after the injury.

RESULTS

A poor result occurred in 31 patients (57%) while 24 pa-
tients (43%) had favourable results. Multivariate analysis
showed significant independent prognostic effect for admis-
sion mean systolic blood pressure, presence of hypoxia, mul-
tiple trauma, admission GCS score and multiple intracranial
lesions (p<0.05). Admission WBC counts and serum gluco-
se levels were not correlated with GOS.

CONCLUSION

This study describes clinicoradiologic findings and prog-
nostic factors regarding severe head injury in pediatric pati-
ents. The goals of managements of pediatric patients with se-
vere traumatic head injury include normalizing intracranial
pressure, optimizing arterial blood gases and systemic blood
pressure, and prevention of factors that exacerbate secon-
dary brain injury.

Key Words: severe head injury, pediatric, Glasgow outco-
me score, prognostic factors, Glasgow Coma Scale
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INTRODUCTION

Motor vehicle accidents are the leading cause of
death in children younger than 18 years of age. In
this group, head injury is the most common cause
of mortality. " Most instances of death occur in
the severe brain-injured child with a GCS of 8 or
less. The annual brain injury rate per 100,000
children is approximately 185, with boys being
twice as likely to be injured as girls.”-" Approxi-
mately one fourth of head injuries in children yo-
unger than 2 years of age are inflicted with injuri-
es. ® Common causes of injuries are falls (35 %),
sports and recreation-related injuries (29 %), and
motor vehicle accidents (24 %). 1

Eighty-two percent of traumatic brain injuries
in children are mild, 14 % moderate or severe and
5 % are fatal while approximately 20 % of survi-
vors suffer significant disability. " Most head tra-
umas in children are preventable. Seat belts, hel-
mets and air-bags when used correctly, can either
help to eliminate or at least minimize the affects of
the impact at the time of injury. >

Head injury is responsible for both primary and
secondary brain damage. Long term complications
can lead to severe disability. The outcome of head
injuries depends largely on the extent and nature
of primary damage and on the effectiveness of the-
rapy in preventing, or limiting, secondary brain
damage. [13-18]

The causes of secondary insults such as syste-
mic hypotension, hypoxia, and intracranial hyper-
tension have been shown to jeopardize ultimate
neurological outcome after brain injury. "' In seve-
ral studies involving children with severe head in-
jury, age at the time of injury, post-resuscitation
GCS, neurological reflex, duration of coma, post-
traumatic seizure and CT scan findings were recor-
ded as the most significant prognostic factors in
outcome. -?? An understanding of these factors,
in order to reduce their possible negative impact,
together with the use of specific guidelines for tre-
atment, can make a significant contribution to
improving the prognosis of these patients. !

In this retrospective report, we evaluate an ins-
titutional series of 55 children with severe head in-
jury and analyze the association of several prog-
nostic factors with outcomes.

MATERIALS AND METHODS

A retrospective review of the Uludag University
School of Medicine Department of Neurosurgical
ICU medical records for all patients 18 years of age
or less who sustained severe brain injury from Ja-
nuary 1996 to September 2003 was performed. On
admission to the emergency department, type of
trauma and GCS, pupillary asymmetry, the causes
of secondary insults such as hypoxia and hypoten-
sion, radiologic features, and metabolic and hema-
tological disorders were evaluated and their impact
on the outcome was analyzed.

All children immediately underwent computed
CT of the brain on admission. The severity of he-
ad injury was categorized according to the GCS:
scores of 8 or less indicated severe head injury.
Hypoxia was diagnosed when PaO: levels in the ar-
terial blood sample remained under 60 mmHg or
SatO: levels remained under 90 %, as determined
with a pulse oximeter, for at least 15 minutes, or
when apnea and cyanosis prevailed. Hypotension
was diagnosed if the systolic arterial blood pressu-
re (SABP) was lower than the fifth percentile by
age for at least 15 minutes, radiological lesions
evaluated by an experienced neuroradiologist. The
only metabolic alteration considered was glycemia.
The blood glucose level of every child was measu-
red on admission and then twice daily during hos-
pitalization. In accordance with the literature, the
threshold value used for hyperglycemia was a blo-
od glucose concentration of 150 mg/dl. We exclu-
ded patients with associated infection, inflamma-
tory processes, and those who had received any
medicine that might alter WBC count.

The outcome was assessed 6 months after the
trauma using GOS: a GOS of 1 was applied to the
children who died, a GOS of 2 to those with a per-
sistent vegetative state, a GOS of 3 for a severe ne-
urological deficit, a GOS of 4 for a mild neurologi-
cal deficit, and a GOS of 5 for completely healthy
children. GOS 4 and 5 were considered good out-
comes, while GOS 1, 2 and 3 were considered po-
or outcomes. *¥

All children underwent resuscitation procedu-
res and all other maneuvers in agreement with the
international literature.”” - More specifically, in
recent years the Brain Trauma Foundation, in co-
operation with the AANS, has developed a set of
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Table 1: Glasgow Outcome Scores

GOS n %
I 12 21.8
11 8 14.5
111 11 20
v 9 16.3
\% 15 27.2

guidelines for the treatment of severe neurotrauma
(23,27.28] T our institution, children with severe he-
ad injuries were monitored and treated in accor-
dance with these international guidelines, modifi-
ed for age (Figure 1 A, B).

Statistical analysis

Multivariate Logistic Regression Analysis was
performed to evaluate the independent effect of
demographic factors, GCS, type of trauma, CT fin-
dings, clinical presentations such as hypoxia and
hypotension. (p= 0,007 for trauma; p= 0,001 for
GCS score; p= 0,0231 for hypoxia; p= 0,0243 for
CT findings; p= 0,002 for hypotension).The influ-
ence of all the clinical and radiological factors on
the outcome was assessed using univariate analy-
sis- employing the t test ( Fisher’s exact test for ex-
pected cell values < 53) (p= 0,013 for trauma;
p=0,004 for GCS score; p=0,0234 for hypoxia; p=
0,007 for CT findings; p= 0,047 for hypotension).
Univariate risk factors were tested in the multiva-
riate models. Multivariate predictors with p< 0,05
were considered significant. All continuous valu-
es are presented as mean = standard error or as me-
an with 95% confidence interval (CI) unless other-
wise stated. All calculations were performed using
SPSS 11.5 Version for Windows (Chicago, IL).

RESULTS

Between January 1996 and September 2003, 55
children (34 boys and 21 girls) with severe head
injury were admitted to our neurosurgical ICU.
The mean age at the time of head injury was
108+18, 7 months (range 2, 5 months-18 years).
The mechanisms of injury were motor vehicle ac-
cidents in 28 (51 %), falls in 25 (45 %) and child
abuse in 2 (4%) cases. The demographic characte-
ristics of the children at the time of hospital admis-
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sion are shown in figure 2A B. Outcomes in terms
of GOS were good recovery in 15 (27 %), modera-
te disability in 9 (16 %), severe disability in 11
(20 %), vegetative state in 8 (15 %) and death in
12 (22 %) patients (Table 1).

There was no significant difference between
boys and girls (p>0.05) with respect to GOS sco-
res. Forty children (72.7 %) were affected by isola-
ted head injuries, and 15 (27.3 %) had multiple
trauma. There was a significant difference in GOS
scores between multiple trauma (MT) and pure
head injuries (PT) (p <0.05).

Mean systolic blood pressures obtained on ad-
mission were highly correlated with the GOS sco-
res (p<0.05) (Table 2).

Considering the cranial CT features, the most
frequent brain lesions were epidural/subdural he-
matoma in 18 (32.7 %), contusion in 27 (49.1 %)
and brain edema in 9 (16.4 %) children (Table 3).

There was a significant difference in GOS sco-
res between solitary (29 patients, 52.7 %) and mul-
tiple intracranial lesions (19 patients % 34.5)
(p<0.05) (Table 2).

Among the children, GCS scores were 3 to 5 in
9 (16.3 %), 6 to 8 in 46 (83.7 %). The GCS scores
obtained on admission were correlated with the
GOS scores (p<0.05).

Elevated WBC counts and hyperglycemia we-
re found in 17 (30.9 %) and 44 (80 %) children
with head injuries, respectively. Mean WBC counts

Table 2.

Charecteristics n GOS at 6 months from

of children hospital admission
Unfavorable  Favorable
GCS at <8 55
admission 6-8 46 21 25
3-5 9 8 1
Hypoxia 13 12° 1
Hypotension 13 13¢ -

a The GCS scores obtained on admission were correlated with GOS
(p<0.05)

b There was a statistically significant difference between hypoxic
and non-hypoxic patients (p<0.05)

¢ Mean systolic blood pressure obtained on admission were highly
correlated with GOS (p<0.05)
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Table 3: Computed Tomography Findings (t-SAH : trauma-
tic subarachnoid hemorrhage, DAI :Diffuse Axonal Injury ,
IVH : Intraventricular Hemorrhage)

CT findings n
Cerebral Edema

DAI 5
Epidural/Subdural Hematoma 18
t-SAH 6
Intraparenchymal 2
Contusion 27
IVH 3

and glucose levels obtained on admission were not
correlated with GOS.

DISCUSSION

Trauma is the leading cause of both morbidity
and mortality in the pediatric population, and tra-
umatic injures cause >50% of all childhood de-
aths. Gennarelli and coworkers showed that the
overall mortality is three times higher in trauma
patients with head injury than in those without
intracranial trauma. The cause of death was attri-
buted to brain injury in 67.8 % to extracranial in-
juries in 6.6% and to both cranial and extracranial
trauma in 25.6 % of patients. Severity of head in-
jury still remains the strongest predictor of overall
outcome in poli- traumatized individuals.

Although children have better survival rates as
compared with adults with traumatic brain injuri-
es, the long-term sequelae and consequences are
often more devastating in children due to their age
and developmental potential. " Children often
have more diffuse brain injury, while adult TBI
more often involves focal trauma. The reasons for
this difference are likely due to the unique biomec-
hanical and tissue properties of the pediatric brain.
The immature brain has higher water content and
lacks complete axonal myelinization. It is also pos-
sible that the increase risk of secondary insults in
infants and the young children contributes to the
diffuse nature of pediatric TBL. " In addition,
postmortem studies of pediatric TBI victims often
show venous congestion, edema and diffuse axo-
nal injury. B!

The major causes for moderate and severe bra-
in injuries are motor vehicle accidents, bicycle ac-
cidents, and falls. >'21#202230 If the brain injuries
are grouped based on age of occurrence, different
patterns emerge. ' The most common mechanism
of injury varies with age. For example, younger
children under 4 years of age most often have TBI
secondary to falls, motor vehicle accidents and
child abuse. For older children, TBI is most often
attributed to motor vehicle accidents and partici-
pation in sports. TBI in the teenage population is
usually associated with motor vehicle accidents.
Motor vehicle accidents were the most frequent ca-
uses of trauma, while, compared with other studi-
es, child abuse was rare. 11132 Qur results were
in accordance with those of the literature as for the
variations in mechanism.

The prevalence of traumatic brain injury in
boys is twice that of girls."” In our study severe he-
ad injury was found to be more frequent in boys
than girls, although no differences in outcome we-
re found. The data from the medical records inclu-
ded 34 boys (62%) and 21 girls (38%). Mortality in
these children was similar for both boys and girls.
In addition, mortality rates were similar for all ages
and showed no statistical differences (p>0,05).

Mass lesions, including subdural hematomas
(SDH), epidural hematomas (EDH), and intrace-
rebral hemorrhages, account for a fairly small por-
tion of intracranial pathology in childhood TBI. ™!
A significant factor in producing intracranial mass
lesions in the neonate is birth trauma. The inci-
dence of mass lesions in pediatric head injuries
increases with age. Epidural hematomas occur in 1
to 2.5% of neonates and infants and in 1.5% to 5%
of older children and adolescents. ** Subdural he-
matomas in the pediatric population vary from
3.5% to 10.8%, whereas the risk of extracerebral
hemorrhage is less than 1% to approximately 4%.
B3I Tn our series there were 18 (25.7 %) patients
with epidural and subdural hematomas. Most
children with EDH present with mild or absent ne-
urologic findings compared with children with
SDH, but mortality rate associated with SDH was
significantly higher (40.5 % versus 4.3 % for
EDH). In our study no death occured due to EDH
and two children died because of SDH.

Admission GCS score is related to severity of
injury and outcome. ' Qur results also confirm
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that GCS seems to be the most accurate scoring
system for evaluating the severity of injury and
predicting the outcome of head injured children.

The main factor influencing the children’s out-
come was the occurrence of secondary insults, na-
mely hypoxia and hypotension. Hypotension and
hypoxia are serious, and potentially preventable,
secondary insults significantly increase the morta-
lity and morbidity rates of severe head injury.””
Unfortunately, there is minimal specific evidence
to indicate the effectiveness of those prehospital
protocols in preventing or minimizing hypoxic
and hypotensive insults in improving outcome.
(4.15.23.40. 411 Specific threshold values for ideal levels
of oxygenation and blood pressure support in the
pediatric age group have not been clearly defined.
The adult neurosurgical literature has defined
hypotension as systolic blood pressure less than 90
mmHg . In children, hypotension can be defined as
less than the 5 th percentile of normal systolic blo-
od pressure for age. Pediatric patients may mainta-
in their blood pressure despite significant hypovo-
lemia and clinical signs of shock. Blood pressure
should be monitored frequently. Timely fluid res-
sucitation should be provided to maintain systolic
blood pressure in the normal range. Guidelines are
warranted to support avoidance or rapid correcti-
on of systolic pressure less than the second stan-
dard deviation of normal age or of clinical signs of
shock, apnea or hypoventilation, cyanosis, oxygen
saturation < 90 %, or PaO: < 60 mmHg in children
with severe head injury Secondary insults such as
hypoxia and hypotension and increased intracrani-
al pressure are the leading factors associated with
poor outcome, management has focused on deve-
loping better ways to improve oxygen delivery and
maximize cerebral perfusion pressure.®##!

Some authors have been concluded that the
presence of episodes of hypotension and/or hypo-
xia prior to hospitalization increased mortality in
adult patients with brain injuries, as similar in
children and they are closely associated with poor
outcome. " Chiaretti et al. reported that early
complications such as posttraumatic hypoxia and
hypotension were associated significantly with a
poor outcome.” Sharples and co-workers high-
lighted the observation that hypotension , when
associated with hypoxia , results in four-fold incre-
ases in mortality in head injured children."*

340

Ulus Travma Derg 2005

Our data confirm that hypoxia and hypotensi-
on are significantly associated with a poor outco-
me in children with severe head injury and they
are in accordance with those reported by others.
[2, 28, 44, 45]

The correlation between hyperglycemia and se-
verity of head injury has been demonstrated in the
literature in adult patients and in animal models,"*
but the results of our study did not show any sig-
nificant correlation in our patients. Also, variati-
ons of WBC counts did not indicate any statistical
correlation in our patients, as already observed by
other authors. #"-*

Fever increases the bodys metabolic rate by
approximately 10 % to 13 % per degree Celsius. In
experimental studies, moderate hyperthermia re-
sults in more severe brain damage after fluid per-
cussion injury, and moderate hypothermia is pro-
tective. Jones and colleagues found a significant re-
lationship between fever and poor neurological
outcome. BV

Resuscitation of the child with multiple injuri-
es is similar to that for adults, and therapy must be
tailored in accordance with variable patient size,
emotional maturity, and response to injury . Beca-
use this response is rapid and often compensatory,
there is greater reliance on noninvasive means to
diagnose and manage the injured child. ****' Mul-
ti-system trauma is closely related to outcome in
children with head injury which was also the case
in our series as well. With appropriate initial resus-
citation, careful monitoring, and sound clinical
judgement, most injured cases will have expec-
tedly good clinical outcomes.

Recent studies have shown a correlation betwe-
en the outcome and radiological features in pati-
ents with severe head injury'® * > Our study
shows that multiple intracranial pathological fin-
dings on CT are significantly associated with a po-
or outcome in children with severe head injury. Se-
veral authors have suggested that decreasing the
interval between injury and evacuation of intracra-
nial mass lesions was associated with improved
outcome. ¥

Continuous intracranial pressure (ICP) moni-
toring for patients with GCS scores of <8 are re-
commended by the adult head trauma guidelines.
1521 Although pediatric guidelines for ICP monito-
ring are still being developed, evidence supports
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the recommendations of the adult guidelines for
children with TBI. Because elevated ICP and lower
cerebral perfusion pressure (CPP) contributed to
secondary brain injury, ICP monitoring is an im-
portant component of monitoring of the child with
head injury. ®* Although there are no standards for
the threshold for treatment of elevated ICP, treat-
ment of elevated ICP should be initiated at ICPs of
>20mmHg for older children and teenagers. For
younger children and infants, one can initiate tre-
atment once the ICP has risen above age-appropri-
ate levels (for infants 215mmHg; for children <8
years of age, 218mmHg). =

Global or regional cerebral ischemia is an im-
portant secondary insult to the acutely injured bra-
in. Optimization of cerebral perfusion pressure
(CPP) defined as ICP subtracted from mean arteri-
al pressure, has gained increased recognition as a
therapeutic endpoint in the management of brain-
injured children. Cerebral ischemia and decreased
delivery of metabolic substrates to the brain can
cause serious sequelae. Combined with cerebral
edema and systemic hypotension, cerebral vasos-
pasm can also cause regional hypoperfusion wit-
hin the brain. CPP > 40 mmHg in children with
traumatic brain injury should be maintained. A
CPP between 40 and 65 mmHg probably repre-
sents an age-related continuum for the optimal tre-
atment threshold. There may be exceptions to this
range in some infants and neonates ."""?

We use this treatment algorithm details as abo-
ve. Cognitive and behavioral impairments caused
most troublesome long-term disabilities to child-
ren and their families. Neurosurgeons examine
motor functions with GOS but it is not enough to
assess the cognitive and behavioral functions. The
cognitive impairments are usually not changes in
standard measures of intelligence but are specific
neuropsychological symptoms resulting in impair-
ments of memory, attention, organization and spe-
ed of performance. ") We suggest that to evaluate
with sensible tests for cognitive and behavioral im-
pairments in further studies.

Neurocritical care is a speciality that focuses on
the critical management of patients with catastrop-
hic head injury. Brain ischemia and hypoxia are of-
ten central causes of brain damage in these pati-
ents. Until recently, the only methods widely ac-
cepted for monitoring in the neurological intensi-

ve care units have been intracranial pressure and
cerebral perfusion pressure monitoring. Cerebral
blood flow can now be directly monitored using la-
ser Doppler or thermal diffusion techniques. Brain
tissue oxygen tension monitoring can provide a fo-
cal measurement of cerebral oxygenation. Intrace-
rebral microdialysis can provide information about
glucose metabolism and overall health of the ne-
uron. This approach, along with new computer
systems for integrating data at the bedside, may
change the way patients with brain injury are mo-
nitored and treated in the future.” Future investi-
gation is also warranted.

CONCLUSION

Our results, in agreement with previous reports
in literature show that clinical and neurological
examination (GCS ), CT scan, simple laboratory
tests (glucose level, WBC), arterial blood pressure
and blood gases can demonstrate the severity of
head injury in order to ameliorate the outcome of
children with severe head injury and thus decre-
ase neurological impairment and mortality.
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