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Analysis of 551 Head Injured Children

Chai-Ling Chen May-Ken Wong and Yun-Lan Chang*®

To investigate the nature of exposure factors, and effectiveness of countermeasures in
head injuries in Taiwanese children with head injuries consecutively admitted to Chang
Gung Memorial Hospital from Jan. 1985 to Dec. 1989. We analyzed the data by chart re-
view. The analysis confirmed a boy to girl ratio of about 2.3 to 1. The largest number of
head injuries was in children under 1 year, 4 to 5 years and more than 15 years of age.
The most common place for head injuries to occur was outdoors, with the road contributing
the most, while the bedroom was the most common site for indoor injuries to occur. The
most common cause of pedicatric head injury was traffic accident (65%), of which most
were hit by automobiles and motorcycles (59%). The next most common was falls (30%).
Injuries were most common in summer (from May to August ) and clustered at 3:00-5:00
pm. Most children suffered from mild head injury (77.86%), but there were still 122 chil-
dren with severe head injury (22.14%). Of the 25.23% of children with skull fracture, most
had linear type. Fractures of clavicle and long bone were the most common concomitant

skeletal fractures.

injury on computer tomogram in that order.

children.
hospital.

The frontal, temporal and parietal accounted for the most focal sites of

Brain surgery was necessary in 19.60% of

Fifty children (9.07%) were either discharged in a critical condition or died in

Key words: Head injury, brain injury, child, epidemiology, trauma

Accidents in general, and head injuries in

particular, are among the major causes of mor-
tality and morbidity in childhood (1-7). Mayer
and colleagues estimated that about 75% of
children died during hospitalization for signifi-
cant brain injury (8). Head injury is the most
common form of trauma for which children
are admitted to hospitals (7.,9).
rate of brain injury is around 200 to 300 per
100,000 population (8,9).
traumatic brain injury in children was estimat-
ed at 4% in boys and 2.5% in girls (1) In

The incidence

The overall risk of

the United States, the estimated number of
children who required hospital admission was
around 200,000 cases/yr; of these, about 15,000
required a prologned stay (1,10).

Head injury is a major worldwide threat
to health and life in childhood (1,3). If a
child or young adult survives a moderate or
severe brain injury, there is a strong likelihood
of a lifetime of physical and mental impair-
ment as well as tremendous economic and so-
cial impact on the family (1). Therefore pre-
vention is the best solution for pediatric head
injury. Based on our investigation of the na-
ture of head injuries, exposure factors, and ef-
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fectiveness of countermeasures in the children
of Taiwan, herein we seek o summarize cer-
tain basic epidemiclogical data and hope to
find the most effective preventive meausres for

Taiwan.

We reviewed the records of 551 children
aged less than 15 years, who had been admit-
ted to the Chang Gung Memorial Hospital for
treatment or observation following head injury
from Jan. 1, 1985 to Dec. 31, 1989.
had been injured by birth trauma were ex-

those who

cluded from our study.

The severity of head injury was measured
by the Glasgow Coma Scale (GCS), those per-
sons with a GCS of 8 or less for at least 6
hours were considered to have svere injuries
and the remainder were considered mild head
injuries (11,12} The classification of head in-
jury was dependent on three wvariables: GCS5,
diagnosis on computer tomogram and the
length of coma (12,13).

The age, sex, the cause of head injury, on-
set time, arrival time, GCS, the duration of
hospitalization, the visit type, the associated in-
juries, the type of skull fractures, the findings
on the computer tomogram (CT), the severity
of head injury, the type of brain or other
surgery and mortality were all obtained from
charts (11).

Gender and Age

The sex ratio of male to female was 23
to 1. For all age groups, there were more
brain injuries for males compared with females
(Fig.1). The age-specific admission rates
showed there was an abrupt rise for those
under 1 year old, 4-5 years old and 14-15
years oid among the total and male popula-

tions, but only slight change in the female
population (Fig. 1),
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Fig.1 Age and Sex Distribution

Cause and Site of Injury

The causes of pediatric brian injuries were
traffic accidents (65%), falls (30%), blunt objects
(2%) and other causes (2%). The 12 other
causes included collision at play (2), assault (2),
rape (1), child abuse (4) and unknown cause
(3) (Fig. 2).
cluded motorcycle {(32%),
truck {19%),
unknown motor-vehicles (10%).

The motor-vehicles involved In-
automobile (7%},
other motor-vehicles (12%) and
The roles of
the victims in traffic acccidents included pedes-
trian (52%), passenger (20%), bicyclist (14%),
motorcyclist (4%) and other (10%) with un-
known roles. The nature of falls included falls
from height (65%), bicycles (12%), stairs (8%)
and others (15%).
for head injuries to occur was outdoors, with

The most common place

the road the most commorn; while the bed-
room was the most common place for indoor
injuries to occur,

Time Factors

There were more head injuries in summer
(Fig. 2). The on-
set time of head injuries clustered at 3:00-5:00
pm (Fig. 3). There were 60.98% of children
transported to hospital in less than 6 hours,

time (from May to August)

while only 21.41% of children delayed more
than one day.

Hospitalization
The types of admission were emergency
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Fig4 Focal brain CT findings

room by referral (77%), emergency room direct-
ly (21%)
Length of stay varied from discharge from
hospital within 3 days (23.59%), within 3-7
days (37.03%), within 7-14 days (23.41%) and
more than 14 days {15.97%).

Associated Injury

and outpatient department (2%).

The type of associated injuries included
skull fractures (25.23%), conomitant skeletal
fractures (17.06%), other injuries of the nervous
system (10.53%), chest trauma (9.62%), abdomen
or pelvis trauma (2.0%) and severe orofacial
trauma (3.44%). In skull fracture, 42% were
linear, 10% basal skull, 9% compound, 9% de-
pressed 12% other type of fractures (such as
comminuted fracture, facial bone fracture or su-
ture diastasis) and 18% with unkwon type.
The other conomitant skeletal fractures included
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Fig.5 Classification of head injury

fractures of the clavicle (32%), upper limbs
(31%), lower limbs (22%), pelvis (3%), spine
(8%) and shoulder (2%).

Computer Tomogram (CT)

CT examination of brain was done in 509
children (92.37%), with 94.50% having abnormal
findings, including diffuse or focal brain lesion.
Focal intracranial hemorrhages, included subdu-
ral hemorrhage (SDH, 45.95%), epidural hemor-
rhage (EDH, 39.92%) and intracerebral hemor-
rhage (ICH, 31.81%,. The frontal (37.63%),
temporal (34.93%) and parietal (28.07%) areas
were the most commwon focal sites of injury.
The remaining sites included the areas of the
occipit, cerebellum, basal ganglion, brian stem
and falx (Fig. 4).

Severity of Injury (Fig. 3)
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Most children, 429 (77.86%), suffered from
mild head injury, including 222 focal brain le-
sions, 137 diffuse brair lesions and 28 with no
abnormal finding on the computer tomogram
and 42 who did not have computer tomogram.
Focal brain lesions included 81 with EDH, 39
with SDH and 82 with ICH or other focal le-
sions. Diffuse lesions included 61 with SAH
(subarachnoid hemorrhage) only and 76 with
brain swelling associated with or without SAH.

The remaining 122 children (22.14%) suf-
fered from severe head injury, including 66 fo-
cal lesions {54.10%) and 56 diffuse lesions
(45.90%). In focal lesions, 8 had EDH, 13
SDH and 45 ICH or other focal lesions. In
diffuse lesions, 11 children developed coma
within 6-24 hours and 45 children developed
coma more than 24 hours post-injury. Of
these 45 cases, 19 cases were associated with
decerebration of flaccidity and 26 cases were
not.

Surgery

One hundred and eight children (19.60%)
underwent one or more brain surgeries, includ-
ing 86 by craniotomy, 5 by crainotomy with
lobectomy or brain debridement, 6 by ventricu-
lostomy or ventriculoperitoneal shunt and 13
by subarachnoid screw, which was used for
monitoring intracranial pressure.  Thirsty-nine
children (7.08%) underwent one or more other
major surgeries, including fixation for bony
fracture (15), laparotomy (8), thoracotomy (8}
amputation (2), surgical debridement or skin

graft (12) and donor transplantation (2),

Mortality

Among the 551 children with head in-
juries, there were 50 critical discharges or
deaths, excluding the death at the scene. The
mortality rate was 9.07% for all children with
head injuries and 4098% for the children with
severe head injuries if the critical discharges
were considered as death.
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On hospital admissions, head trauma was

present in 25% to 40% of cases reviewed by
Molnar (1).
head injuries in children may actually be

But the true incidence rate of

greater because some brain injuries to children
may not have led to hospital admission or
child abuse may be underreported (9). For all
age groups, there is a higher incidence of
head injuries for males compared with females
(2.3:1) in this study. This was similar to other
studies (3,9). Kraus studied 709 brain injured
children under the age of 15 in San Diego,
California during 1981, His study showed that
the male: female ratio was 235:132. The bran-
injury rates were higher for boys than for girls
at all ages, but the difference was statistically
significant only for those children 5 years of
age and older (9). Ivan conducted a study of
880 children less than 15 years and confirmed
a boy to girl ratio of about 2 to 1 (3). This
may be due to the fact that boys participate
in more outdoor activities than girls.

In many series in other countries, the
leading cause of head injury in children was
falls (35% in Kraus, 66.6% in Ivan and 50% in
O’'Rourke) (3,9,14,15).
different in this study, traffic accident was the

However, it was quite

main cause of head injury (65%) and fall was
only the second (30%).
the poor traffic conditions in Taiwan. The

This may be due to

major reason for injury in traffic acccident in-
cluded unprotected pedestrians (52%) and bicy-
clists (14%) and passengers (20%).
similar to other series of pediatric groups (9,16}

But this was markedly different from the

this was

distribution among persons of all age groups
{child and adult), for whom two thirds of
brain injuries resulting from motor vehicle ac-
cidents were to motor vehicle occupants and
only one third to unprotected pedestrians or
bicyclists (17).  The poor condition of traffic
should be restrained legally in Taiwan, in ad-



dition to the wuse of seat belts, car seats for
young children, cycle helmets and construction
of bicyble lanes and clearing of obstructed
sidewalks.

A head injury with an unknown preva-
lence in infants and young children is that
which is the result of child abuse (1). Kraus
noted 11 children (1.47%) who were identified
as being the wictims of child abuse (9). But
in our series, there were only 4 children
(0.72%) found to be victims of child abuse.
Child abuse cases may have been underreport-
ed in this study; it may have been misclassi-
fied as falls or other nonintentional incidents,
or not even brought for medical care.

Ivan noted that children less than 3 years
of age were more commonly injured indoors,
while the older children were usually outdoors
(3). In our series the most common place for
head injury to occur was the road, because
the main cause of injury was tralfic accident.
There were more head injuries in summer
time and clustered at 3:00-5:00 pm in this
study. This was similar to other series (3,9,14).
This may be due to more outdoor activities in
summer time and the afternoon.

Motor vehicle-related accidents accounted
for the vast majority of severe head injuries
with multiple trauma in many series (1,15,18).
In this study, there were 122 children (22.14%)
who suffered from severe head injury, which
was much higher proportion than Kraus' {5%)
and Ivan's (3.86%) series (3,9).
due to the higher proportion of traffic accident

This may be

in our series.

In this study, the mortality rate was
9.07% for all head injured children and 40.98%
for severe head injured children if critical dis-
charge is considered as death. Kraus noted
that the mortality rate was 2.77% (19/688) for
all head injured children and 352.77% (19/34)
for severe head injured children (9). lvan
noted that the mortality rate was 09% for all

head injured children and 24% for severe head

From 1980 to 1985, motor
vehicle accidents resulted in a mortality of

injured children.

37% in comparison to a 2.2% rate assciated
with falls (1).
our series may be due to the higher propor-

so the higher mortality rate in

tion of traffic accidents, This study is a prima-
ry report on the epidemiology of pediatric
head injury in our hospital, further research
and investigation are needed for the exposure
factors, effectiveness of countermeasures and
outcome of pediatric head injury in defined
populations {infants, children, adolescent and
young adult group). It may clarify the most
effective measures for the prevention of head
injury in children, which is the leading cause
of accidental death and most common reason
for inpatient admission to pediatric rehabilita-
tion.
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