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ABSTRACT

Twenty five to thirty per cent of all patients
admitted with head injuries to any large hospital
are children. Head injuries in children differ in
several ways from those seen in the adult popula-
tion. A standard management protocol is used in
a service hospital and CT and neurosurgical con-
sultation/transfer is based on specified criteria.
The records of 312 patients admitted with head
injury to Command Hospital (WC), Chandi-
mandir were retrospectively analyzed to compare
the mode of injury, initial presentation, CT find-
ings and the outcome of management between
those above and those below the age of 10 years.

Eighty seven (27.8%) of the 312 patients were
children and 71% of them had sustained the in-
Jjury due to fall from a height. One third of chil-
dren were brought with vomiting and drowsiness
and 9.2% with seizures, but lateralizing signs
were found in only 5.7%. Nineteen children un-
derwent a CT of the head and of these 74% had
only cerebral edema. Only 4 of the 87 children
were transferred to a neurosurgical unit. The mor-
tality rate was lower in children (5:7%) compared
to the older age group (11.6%) but the difference
was not statistically significant. However, a signif-
icantly higher number (80.5%) of children recov-
ered without any residual deficit. Majority of our
children can be safely managed in a general sur-

Cranio-cerebral injuries constitute
more than 50% of all trauma admissions
and are also the commonest cause of mor-
tality following trauma(l). Twenty five to
thirty per cent of all patients admitted with
head injuries to any large hospital are chil-
dren(2). It has been well established that
these injuries in children differ in several
important ways from those seen in the
adult population(3-5).

Patients and Methods

The case records of 312 patients admit-
ted to Command Hospital (WC), Chandi-
mandir with head injury between July 1990
and June 1993 were retrospectively ana-
lyzed to compare the mode of injury, initial
presentation, computed tomography (CT)
findings and 'the outcome of management
between those above and those below the
age of 10 years, using the Chi-square test to
establish their relative frequencies and sig-
nificance. Children with birth trauma, and
trivial scalp wounds were excluded from
this report.

gical unit provided a multidisciplinary approach
is used and facilities of CT are readily available,
since very few require active neurosurgical inter-
vention.
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Management Protocol

All patients presenting to the Casualty
Department of Command Hospital (WC),
Chandimandir, with history of trauma to
the head followed by loss of consciousness,
bleeding from the ear, nose or mouth,
vomiting and those with skull fracture,
were admitted to the hospital. They were
examined by a general surgeon, and a pedi-
atrician and anesthesiologist were co-opted
from an early stage in the management if
the patient was below the age of 10 years
or required ventilatory support. The base-
line vital parameters, the neurological and
pupillary signs and the state of sensorium
based on the Glasgow coma scale
(GCS)(6) (modified in children as shown
in Table T) were recorded. The GCS was
reassessed after 6 hours of resuscitation
and the patients divided into three groups
after Miller(7). Those with GCS of less
than 8 with no eye opening even to painful
stimuli were classified as severe, those with
a score of 9 to 12 or those who scored 7 or
8 but opened their eyes to pain were con-
sidered moderate and those who scored 13
to 15 called minor.

If the patient was conscious he was only
observed for 48 hours for any symptoms of
headache, vomiting, disbrientation, drowsi-
ness, bradycardia, hypertension, state of
the pupils and any change in the neuro-

TABLE 1- Glasgow Coma Scale. Modifications
in the Responses in Children Under 5

Years.
Age Best motor Best verbal
group  response response

<6 mo Flexion Smiles and cries
6-12 mo Localization

1- 2yrs Localization

Smiles and cries
Sounds and words

2- Syrs Obeys commands Words and phrases
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logical status. Prophylactic antibiotics were
given only if he had a scalp wound or
bleeding from nose, ear or mouth, or any
other injury.

Patients who were unconscious, con-
fused, irritable, resented examination or
had seizures; or developed any of the
above mentioned signs during the period of
observation were started on dehydration
therapy with intravenous frusemide (1-2
mg/kg/day in two divided doses). Manni-
tol infusion (0.25-1.0 g/kg) was used only if
the patient's sensorium was rapidly de-
teriorating, to gain time for a CT scan or
exploratory burr hole, or if the patient did
not respond adequately to frusemide alone,
provided CT had excluded any intracranial
hematoma.

Seizures were controlled with slow in-
travenous phenytoin sodium (5-10 mg/kg)
preferably with continuous electrocardio-
graphic monitoring. It was also used pro-
phylactically in patients who were extreme-
ly irritable and whose CT showed extensive
cerebral contusion. In children, and if given
prophylactically in adults, it was continued
for a period of 8 weeks, otherwise for at
least 2 years. Phenobarbitone and diaze-
pam were avoided before a CT as the
hypnosis caused by them could confuse the
assessment of the sensorium.

Patients in whom a clear airway could
not be maintained because of loss of laryn-
geal reflexes or associated faciomaxillary
injury or those who had spontaneous
hyperventilation, respiratory arrhythmia or
ventilatory insufficiency (assessed by pulse
oximetry), were intubated and ventilated
with the Kimura or the East Radcliff
ventilator. Elective hyperventilation was
used as a therapeutic measure in patients
with cerebral edema not responding to
mannitol.
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The criteria used to ask for a CT scan
and a neurosurgical consultation/transfer
are enumerated in Tables Il & I1I, respec-
tively.

Those patients who did not require
neurosurgical intervention were continued
to be managed with intravenous fluids
or nasogastric tube medication and feeding
to maintain their fluid and electrolyte
balance; and care of the airway, bladder
and bowel.

All patients with residual deficit or on
anticonvulsants were followed up for a
mean duration of 17 months after dis-
charge.

TABLE I1-Indications for CT Scan in Cranio-
cerebral Injures

GCS <8 with no eye opening to pain 6 hours
after resuscitation

Deteriorating sensorium
Focal pupil /limb signs
Coma with unreliable history

Unresponsive to verbal commands for >24
hours

Seizures

Hyperpyrexia and neck rigidity

TABLE III-Criteria for Transfer to Neuro-
surgical Centre

Compound depressed skull fracture
Penetrating skull injury

CT diagnosis of compressing intra-cranial
hematoma*

CSF leak for > 10 days
Large aerocele

*Giving rise to a mid-line shift of >5 mm.
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Results

Eighty seven (27.8%) of the 312
patients under study were children below
the age of 10 years. Their mode of injury
and clinical presentation is compared with
that of the older age group in Tables IV &
V, respectively. Seventy one per cent of
the children had sustained the injury due to
a fall from a height, and 27.6% were traffic
accident victims, while on the other hand
traffic accident was the commonest mode
of injury in the older age group (69.8%).

Although the commonest presentation
is a history of transient loss of conscious-
ness, a significantly higher number
(p<0.01) of children (33.3%) were brought
with, or developed vomiting and drowsi-
ness during the period of observation. Chil-
dren also had a significantly higher inci-
dence (p<0.01) of seizures (9.2%); how-
ever, latertdizing signs were found in only
5.7% (p<0.01) and the incidence of severe
head injuries was significantly lower
(p<0.05).

Of the 87 children, 19 underwent a CT
of the head and of these 14 (16.1% of 87)
had only cerebral edema. This was signifi-
cantly higher (p< 0.001) than the incidence
in 10 (4.4%) of the older age group, since
most of them were associated with either
cerebral contusion (23.1%) or intracranial
hematoma (15.6%) or both. On the other
hand, only 5 (5.7%) children had evidence
of cerebral contusion and 3 (3.4%) had
subdural hematoma. The incidence of
intracerebral hematoma on the other hand
was significantly lower in children
(p<0.01); and extradural hematoma was
not found in any of the children who were
scanned as compared to the 2.2% inci-
dence found in the older age group (7able
VI). There was a lower incidence of skull
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TABLE IV~Comparison of Mode of Injury Below and Above 10 Years of Age

Mode of injury <10 years >10 years Total p value
n (%) n (%)
Fall from height 62 (71.3) 15 6.7) 77 <0.001
Traffic accident 24 (27.6) 157 (69.8) 181 <0.001
Assault 1 (1.1) 49 (21.8) 50 <0.001
Others - A (1.8) 4
Total 87 225 312
TABLE V—Comparison of Clinical Presentation
<10 years >10 years
Presentation (n=87) (n=25) Total p value
n (%) n (%)
Transient loss of
consciousness 36 (41.4) 79 (35.1) 115 >0.05
Headache /vomiting
drowsiness GCS >12 29 (33.3) 42 (18.7) 71 <0.01
Coma GCS 9-12 17 (19.5) 51 A22.7) 68 >0.05
GCS <8 9 (10.3) 49 (21.8) 58 <0.05
Seizures 8 (9.2) 5 (2.2) 13 <0.01
CSF leak 3 (3.4) 11 (4.9) 11 >0.05
Depressed fracture 2 (2.3) 9 (4.0) 11 >0.05
Laterlizing signs -5 (5.7) 47 (20.9) 52 <0.01
fracture in the CT of children but the fre-  Discussion

quency of depressed skull fractures was not
statistically different in the two groups.

Only 4 (4.6%) of the 87 children were
transferred to a neurosurgical centre
(NSC). The mortality rate in children
(5.7%) was lower than in the older age
group (11.6%) but the difference was not
statistically significant. However, a signifi-
cantly higher number (p<0.01) of children
(80.5%) recovered without any residual
deficit and post concussional syndrome was
seen in only 9.2% (Table VII).
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Accidental blunt head injuries in chil-
dren are common but except for those
caused by falls from extreme heights or
due to motor vehicle accidents, they are al-
most always benign in their clinical conse-
quences. Inflicted injury accounts for near-
ly 25% of children admitted for head in-
juries in the developed countries(5). These
injuries are more severe, which perhaps ex-
plains the high incidence of skull fractures
and intracranial hematoma reported in
their literature(8,9). In our socio-economic
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TABLE VI—Comparison of CT Findings Above and Below Age of 10

CT findings <10 years > 10 years Total p value
n (%J} n (%)
Only cerebral edema 14 (16.1) 10 (4.4) 24 <0.001
Hemorrhagic contusion 5 (5.7 52 (23.1) 57 <0.001
Intracranial hematoma 3 (3.4) 35 (15.6) 38 <0.01
Extradual - 5 (2.2) 5 >0.05
Subdural 3 (34) 30 (13.3) 33 <0.05
Skull fracture 7 (8.0) 33 (14.7) 40 >0.05
Number of scans 19/87 (21.8) - 64/225 (284) 83/312
TABLE VII-Comparison of Outcome Above and Below Age of 10
<10 years >10 years
Outcome (n=87) (n=225) Total p value
n (%) n (%)

No residual deficit 70 (80.5) 138 (61.3) 208 <0.01
Post concussional “

syndrome 8 (9.2) 58 (25.8) 66 <0.01
Hyperactivity 2 (23) 6 2.7 8 >0.05
Dysphasia 1 (1.1) 15 (6.7) 16 <0.05
Motor paresis 1 (1.1) 13 (5.8) 14 >0.05
Transfer to NSC* 4 (4.6) 21 (9.3) 25 >0.05
Died 5 (5.7 26 (11.6) 31 >0.05
* NSC stands for neurosurgical centre.

setup, a "battered child" is still infrequent-
ly seen and the commonest cause of head
injury is due to a fall from a window,
balcony or the unguarded roof of a
house(2), or due to a tumble down the
stairway(10).

The skull of a child is better able to ab-
sorb the energy of physical impact due to
its elasticity(2); thus cerebral contusions
and lacerations are less frequent in chil-

dren than in adults, which explains the low-
er incidence of lateralizing signs seen in
them. The classical temporal lobe contu-
sion due to a contre-coup injury is reported
in only 6.5% of children as compared to
the 41.5% incidence in the older age
group(ll). Because of the close adherence
of the dura to the inner table of the skull in
children, extradural hematoma is also in-
frequent and was found in only 1% of 4465
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children admitted for head injury in the
Hospital for Sick Children, Toronto(12).

The most significant observation in
children is a high incidence of cerebral
edema which at times is acute and fulmi-
nant. The large number of children who
present with or develop drowsiness and
vomiting soon after injury and respond
promptly to diuretics, confirms cerebral
edema to be the cause of their symptoms.
This feature has become more noticeable
ever since facilities for CT have become
easily accessible(2).

Cerebral edema develops as a result of
the failure of the auto-regulatory mecha-
nism of cerebral blood flow, hypoxemia
and hypercapnea. The reduction of the
systemic arterial blood pressure in turn
further reduces the cerebral perfusion
pressure and increases the cerebral edema.
Hypotension leading to shock is invariably
secondary to systemic injury, except in
children under 2 years(13,14). Shock is an
uncommon feature of head injury in adults
but is a significant problem in children, as
they are intolerant to blood loss(15), and
this may be one of the "reasons for the
higher incidence of.cerebral edema in
them.

The immaturity of the auto-regulatory
mechanism of cerebral blood flow in chil-
dren is perhaps the cause of the higher in-
cidence of this clinico-pathological entity
wherein fulminant brain edema develops in
a child with head injury in the absence of
any significant intracranial hemorrhage or
brain contusion, leading to rapid deteriora-
tion of sensorium, seizures and decere-
brate rigidity. A child recovering satisfac-
torily may suddenly deteriorate without any
obvious reason or on withdrawal of diuret-
ics. The CT almost invariably reveals only
brain edema which if treated energetically
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with diuretics and elective hyperventilation
can arrest the rapid downhill course(2).

There is a significantly higher incidence
of early post traumatic seizures in children
associated with deterioration of senso-
rium(16). This has been attributed to the
"immaturity" of the brain at this age,
whereas the "plasticity” of the young brain
is said to minimize the morbidity and long
term sequelae of head injury in children(2),
who have a much lower incidence of post
traumatic epilepsy and post concussional
syndrome than in adults(17). Both these
features can be better explained if they are
correlated with the higher incidence of
cerebral edema, which when rapidly
increasing can give rise to seizures with-
out any lateralizing signs and if treated
quickly is reversible and does not have any
sequelae.

The principles of resuscitation are the
same for adults and children. However,
children differ in the normal values of their
vital parameters and their tolerance to
blood loss. Their smaller size imposes dif-
ferences in equipment size, drug doses, fluid
and electrolyte requirements, and the
difficulty of carrying out procedures(15). A
multidisciplinary approach by co-opting a
pediatrician and an anesthesiologist at an
early stage in the management of these
children can prevent secondary brain dam-
age due to hypoxemia, hypotension, cere-
bral edema and seizures(18). Very few
children have intracerebral hematoma and
majority of depressed fractures in children
do not require elevation except for cos-
metic reasons(2).

There has been a 46% reduction in the
number of head injury admissions to neu-
rosurgical centres in UK after guidelines
for admission and referral were imple-
mented(12). However, the criteria for
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transfer of patients with head injury to
neurosurgical centres in developed coun-
tries”) may not be relevant in our set up
as yet, especially in children. Majority of
our children can be safely managed in a
general surgical unit provided a multidisci-
plinary approach is used and facilities of
CT are readily available. Since very few re-
quire active neurosurgical intervention, this
approach reduces the load on the already
overtaxed, few neurosurgical facilities
available to us.
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