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L INTRODUCTION

Traumatic injury is the current leading cause of death among
people in the United States under the age of forty-four.! Among the
pediatric population, six out of ten deaths are attributed to trauma.2
Each year, thousands of children fall victim to fatal injuries, and
many more are left with permanent disabilities and impairments
such as paralysis, seizure disorders, blindness, and disfigurement.
The toll on society is also immense in terms of the costs of intensive
care and extended care facilities, special education, and rehabilitation
programs.

Although the terms "accident" and "injury" are often used
interchangeably, they have quite different meanings when etiology is
examined. "Accident" implies a random event occuring by chance
that happens to a person who has the misfortune of being in the
wrong place at the wrong time. However, "injury” is believed to be a
non-random event that occurs with greater frequency in some
groups of people sharing certain characteristics that put them at
greater risk of injury. The key difference between these two terms,
then, is that accidents, if truly random, are not preventable; while
injuries are preventable if the predisposing characteristics can be
identified, and controlled or eliminated. While some cases of

childhood trauma are undoubtably accidental, the vast majority are

1Baker SP, O'Neill B, Karpf RS: The Injury Fact Book, Lexington, MA: Lexington
Books, 1984.

2National Center for Health Statistics: Vital Statistics of the United States, 1984.
Hyattsville, MD: Us Dept. of Health and Human Services, Public Health Service,
1987.



believed to be truly preventable. As a result, numerous studies have
been undertaken to identify the various determinants of pediatric
injuries with the goals of intervention and prevention in mind.

It is now well established that boys have a higher injury rate
than girls, and that blacks and Native American children suffer more
injuries overall than white and Asian children. It is also well known
that the age, sex, and race of the child are important determinants of
the type of injury suffered. However, many other factors also affect
the incidence of childhood injuries. As a result, recent studies have
focused on social factors as predictors of childhood injuries.

The trends are less clear when behavioral, familial, and
environmental factors are studied. However, a strong correlation has
repeatedly been found between socioeconomic status (SES) and the
incidence of traumatic injuries in children. Although it is not known
what aspect of low SES is associated with increased risk of injury (i.e.,
substandard housing, inadequate adult supervision, dangerous
neighborhoods, etc.), poverty is clearly a determinant of pediatric
trauma.

Previous studies have used a variety of methods to define a
population of pediatric trauma victims, including police reports of
injuries, death certificates, and HMO/PPO medical records. The
drawbacks to retrospective studies using police reports, emergency
room records, and death certificates is that many cases are missed,
and the sample population tends to be biased toward the most
severely injured. In fact, many studies focus only on childhood
injury mortality statistics because deaths are more easily measured

than non-fatal injuries. Although HMO/PPO studies eliminate these
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problems, the results are not widely generalizable because prepaid
health plans tend to have a homogeneous population of mostly white,
educated, and healthy subscribers.

To develop community intervention programs, the study
population must be representative of the community. Furthermore,
although state-wide and national studies are useful for evaluating
geographical trends and overall statistics, the results cannot be
practically used for policy changes and implementation on a local
level.

This study was undertaken to identify the types of childhood
injuries that occur most often in the community of Alameda County,
and to determine which subgroups of the pediatric population suffer
the greatest number of traumatic injuries. The study population
includes all children from Alameda County, age fourteen years and
younger, who were seen at Oakland's Children's Hospital trauma
center during the one year period from January 1 to December 31,
1989.

Since Children's Hospital of Oakland has the only regional
trauma center in northern California designated for children, nearly
all pediatric trauma cases in the local community will be included in
this study.  All local ambulance services in the region act under the
policy that all children go to Children's Hospital of Oakland (CHO).
Even children brought by private car to the closest area hospital will
be transferred to Children's Hospital of Oakland if the injury is
severe.

Overall, half of the patients seen at CHO trauma center are

admitted and half are discharged, so the study population includes
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both mild and severe injury victims. Therefore, study results of this
pediatric population will likely provide an accurate assessment of
injury patterns in the community of Alameda County and be useful

in development and implementation of prevention programs.



II. BACKGROUND

Motor Vehicle Accidents

Epidemiologic studies have revealed that the predominant
mechanism of pediatric injury in the U.S. is motor vehicle accidents
(MVA's) in which the child was either a passenger, pedestrian or
cyclist. Over half of the deaths of youths age 16 to 19 occur while
either driving or riding in a motor vehicle.3 However, among
children under age 14, pedestrian injuries are the most common
cause of motor vehicle-related morbidity and mortality. Children age
5-9 years have the highest incidence of pedestrian and bicycle
injuries, and boys have nearly a two-fold higher risk of pedestrian
injuries than girls.4

Several studies have demonstrated that socioeconomic status
(SES) is strongly correlated with pedestrian and cyclist injuries, but
no relationship has been shown for passenger injuries. Pless et al.
determined that the risk of pedestrian and cyclist injury in low
versus high SES areas of Montreal is as high as 9:1 for boys and 6:1
for girls, but no increased risk exists for child passengers.5 It seems
probable that in areas of low SES fewer people would own cars, and

children would be more likely to walk or ride a bicycle. No trend is

3 Brown RC, Sanders JM, Schonberg SK: Driving Safety and Adolescent
Behavior. Pediatrics, 1986; 77:603-7.

4 Rivara FP, Barber M: Demographic Analysis of Childhood Pedestrian
Injuries. Pediatrics, 1985; 76:375-381.

5 Pless IB, Verreault R; Arsenault L, Frappier JY, Stulginskas J: The
Epidemiology of Road Accidents in Childhood. Amer. Journal of Public Health,
1987; 77:358-360.



seen with SES and passenger injuries because MVA's occur in all
socioeconomic groups, and poverty is not thought to be a risk factor.

A demographic analysis of childhood pedestrian injuries in
Memphis used multiple regression analysis to show that high density
housing alone accounted for 65% of the variance in injury rates
among the census tracts.® It was hypothesized that because crowded
housing areas have fewer parks and playgrounds, the streets become
the play areas for children of low SES. They concluded that behavior
modification of children and drivers would have little impact on
pedestrian and cyclist injury rates, and that only better urban
planning and traffic engineering would be effective.

After MVA's, the most frequent types of childhood injuries are
falls, burns, and assault or abuse, but the injury patterns vary widely

by age, sex, race, geography and seasonality.

Gender

For all age groups, boys have been shown to have more injuries
than girls. Many studies have tried to identify what factors
associated with boys makes them more at risk for injuries. A British
study looked at a large cohort of children aged five to ten and found
that the best predictors of injuries, in order, were previous injuries
before age five, male sex, aggressive behavior, young maternal age,

and many older siblings.” This study relied primarily on parental

6 Rivara FP, Barber M: Demographic Analysis of Childhood Pedestrian
Injuries. Pediatrics, 1985; 76:375-381.

7 Bijur PE, Golding J, Haslum M: Persistence of Occurrence of Injury: Can
Injuries of Preschool Children Predict Injuries of School-Age Children?
Pediatrics, 1988; 82:707-11.



recall of previous injuries and an assessment of their child's
behavior, and therefore, could be skewed by some recall bias, as
parents may overstate their child's aggressivity after an injury.

However, other studies have confirmed that aggressive behavior
increases the risk of childhood injury. In fact, it has generally been
shown that children described as impulsive, hyperactive or
aggressive have more injuries. The strongest association is between
injuries and aggression.? And the correlation appears to be greater
for boys than for girls. One explanation is that increased risk-taking
behavior and decreased impulse control associated with aggresssion
leads to reduced ability for injury avoidance. Therefore, boy's play
activities being characteristically more rough and more often
involving hazardous conditions may put boys at higher risk for
injury than girls.

An interesting alternative hypothesis suggests that boys are
more vulnerable than girls in dangerous situations (such as crossing
a busy street) because they appear to perceive sensory stimuli
differently.® In a controlled experiment, researchers found that girls
overestimated the speed of approaching vehicles, whereas boys
tended to underestimate the speed of oncoming cars.10 This study
shows that there may be other unexplored perceptual,

developmental or behavioral differences between the sexes that

8Bijur PE, Golding J, Haslum M, Kurzon M: Behavioral Predictors of Injury in
School-Age Children. American Journal of Diseases of Children, 1988;142:1307-
12.

9Bijur PE, Golding J, Haslum M, Kurzon M: Behavioral Predictors of Injury in
School-Age Children. American Journal of Diseases of Children, 1988;142:1307-
12.

105alvatore S: The Ability of Elemecntary and Secondary School Children to
Sense Oncoming Car Velocity. Journal of Safety Research, 1974;6:118-125.
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explain the disparity in injury rates besides the rough/docile

behavior stereotype.

Family and Environment
In addition to understanding child behavioral effects on injury

rates it is important to explore familial and environmental factors to
decipher the reasons for certain child behaviors.  Familial studies, in
general, have provided conflicting results. For instance, some studies
of family type have shown that single-parent families have higher
child injury rates, while other studies have shown no correlation.
Parental occupation has been a significant predictor of child injuries
in some studies, but not in others. Nonetheless, some familial trends
have emerged in relation to childhood trauma. Significant acute
family events such as unemployment, serious illness, moves, and
divorce have been shown to be associated with childhood injuries.11
Large family size has been associated with increased injuries in
children, particularly of the younger siblings.12 It is thought that
decreased parental supervision, and caretaking by older siblings is
causally related. Maternal factors such as young age, depression,
serious illness, and work outside the home have all been correlated
with higher rates of childhood injury. The underlying cause may,
again, be inadequate adult supervision, although this has not been

thoroughly documented.

11Horwitz SM, Morgenstern H, Dipietro L, Morrison C: Determinants of
Pediatric Injuries. American Journal of Diseases of Children, 1988; 142:605-611.

12 Horwitz SM, Morgenstern H, Dipietro L, Morrison C: Determinants of
Pediatric Injuries. American Journal of Diseases of Children, 1988; 142:605-611.



The challenge in all studies of behavioral and familial effects on
injury rates is accurate measurement and assessment of risks.
Although variables such as number of siblings and maternal age are
easily measured, the influence of confounding variables is difficult to
ascertain. For instance, do large families really mean more child
injuries or are they both related to a common factor such as low SES?
Other factors such as child aggression or maternal depression can
only be subjectively measured, at best. Still other factors such as

family dynamics and parenting skills cannt be accurately assessed at

all.

Socioeconomic _Status

While several studies have documented poverty as a risk factor
for childhood injuries, it is not clear what aspect of low SES is most
strongly correlated. It may be that different aspects of poverty are
important in different types of injury. It has already been shown
that poor urban planning and crowded neighborhoods lead to
increased numbers of pedestrian injuries. Substandard housing and
lack of smoke detectors could increase the incidence of burn injuries
in poor areas. Higher crime rates and greater access to firearms may
explain higher gunshot and stabbing injuries. Drug and alcohol abuse
may contribute to higher injury rates in nearly all categories. In
addition, one study found that child aggression and overactivity were

strongly associated with low SES.13

13Bijur P, Golding J, Haslum M, Kurrzon M: Behavioral Predictors of Injury in
School-Age Children. American Journal of Diseases of Children, 1988;
142:1307-12.



Much of the information on SES effects, age and race differences,
and geographical variations comes from studies of childhood
mortality. Although this approach certainly selects for the severest
of childhood injuries, it is useful to evaluate the risk factors involved

in the worst-case outcome of pediatric trauma.

Injury Mortality
From 1980 to 1985 nearly 10,000 children under age 14 died

each year from injuries.!4 This rate of 17 deaths per 100,000
children per year represents a 35% decline from injury mortality
rates a decade earlier.!3 Pedestrian-related death rates declined the
most, while homicides and suicides were the only major groups to
show an overall increase during this 15-year period. Despite the
decline in injury mortality, the overall annual incidence of injuries
among children remained essentially unchanged from 1970-1984 at

37-39 per 100 children under age 17 years.

Age
Several studies have shown injury death rates to be higher

among younger children than older children. During the years 1980-

85 injury death rates were the following:16

l4waller AE, Baker SP, Szocka A: Childhood Injury Deaths: National Analysis
and Geographic Variations. American Journal of Public Health, 1989; 79:310-
15.

15Fingerhut LA, Kleinman JC, Malloy MH, Feldman JJ: Injury Fatalities Among
Young Children. Public Health Reports, 1988; 103:399-405.

16Waller AE, Baker SP, Szocka A: Childhood Injury Deaths: National Analysis
and Geographic Variations. American Journal of Public Health, 1989; 79:310-
15.
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Age (years) Mortality Rate/100,000/yr

<1 33.9
1-4 25.4
5-9 14.4
10-14 16.2

The most significant age mortality differences were among fire,
drowning and homicide rates which were 2.5 times higher in the 1-4
age group than the 5-9 year olds. Pedestrian injuries accounted for
47% of deaths at ages 5-9, while bicycle injuries were responsible for
60% of deaths among children age 10-14. Overall, motor vehicle-
related injuries, including passenger, pedestrian, and bicycle
incidents were the largest single category of injuries causing death,
except among children less than one year for whom homicide
accounted for more deaths.

Gender differences in mortality rates also increased with age.
Boys had two times higher drowning death rates than girls at age
1-4, and more than three times higher rates at ages 5-9.17
Pedestrian-related deaths in boys compared to girls increased from
1.5:1 to 2:1 in the two age groups. Passenger-related deaths

exhibited no relationship with gender.

Race

Among different racial groups, injury death rates are lowest for

whites and Asians, and highest for blacks and Native Americans

17Fingerhut LA, Kleinman JC, Malloy MH, Feldman JJ: Injury Fatalities Among
Young Children. Public Health Reports, 1988; 103:399-405.
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(with Hispanics considered as whites). Differences in injury death
rates between blacks and whites decrease with age from a high of
2.5 times greater for black children less than one year, to a rate 1.2
times higher for black children ages 10-14. The racial differences
are most pronounced for fires and homicides, with blacks having
three-fold higher death rates than whites for all ages.

Pedestrian death rates among black children ages 1 to 9 were
nearly two-fold higher than whites, whereas passenger fatality rates
were the same between the racial groups. Only Native American
children showed a substantially higher death rate due to passenger-
related injuries with rates 2.2 times higher than all other racial
groups.18

Death rates due to drownings are two-fold higher for whites
than blacks for children ages 1 to 4, but the ratio reverses for older
children. In fact, one study found the most pronounced racial
difference was a 3.4 times higher drowning rate for blacks compared
to whites in the age group 10-14.19 One explanation is that whites
tend to have more residential swimming pools and therefore have
more exposure to drowning situations at a young age than blacks.

The higher rates among older black children may be related to a lack

18Waller AE, Baker SP, Szocka A: Childhood Injury Deaths: National Analysis
and Geographic Variations. American Journal of Public Health, 1989; 79:310-
15.

19Fingerhut LA, Kleinman JC, Malloy MH, Feldman JJ: Injury Fatalities Among
Young Children. Public Health Reports, 1988; 103:399-405.
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of proper swimming instruction and/or swimming in unsupervised

and dangerous areas such as rivers, lakes, and oceans.20

Socioeconomic Status

Clearly, the differences in injury rates among racial groups are
confounded by cultural, geographical, and socioeconomic factors. In
particular is the dominating influence of SES disparities among the
racial groups. For example, in 1984, 51% of black children age six
and under were living below the poverty level compared to just 18%
of white children.21 As previously discussed, low SES is a well-tested
risk factor for childhood injury and mortality. For example, research
has shown that racial differences in homicide rates disappear when
SES is taken into account.22 Risk factors for death due to residential
fires, such as lack of smoke detectors, inappropriate heating devices,
poor escape routes, and smoking in bed, are also more commonly
associated with poverty.

In summary, the theorized risks of childhood injury and death
related to low SES include decreased access to safe recreational areas,
crowded and substandard housing, increased drug and alcohol abuse,
high crime rates, increased firearm possession, and inadequate adult

supervision.

20MMWR: Differences in Death Rates due to Injury Among Blacks and Whites,
1984. Journal of the American Medical Association, 1989; 261:214-216.

21U.S. Bureau of the Census: Characteristics of the population below the
poverty level: 1984, Current Population Reports, Series P-60, No. 152, June
1986.

22williams KR: Economic Sources of Homicide: Reestimating the Effects of
Poverty and Inequality. Am Soc Rev, 1984; 49:283-9.
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Geography
Analysis of mortality data for 1980 through 1985 from the

National Center for Health Statistics revealed that the highest death
rates were in the mountain states and the south. Injury death rates
per 100,000 children per year ranged from a high of 35.5 in Alaska
to 11.2 in Massachusetts.23

Motor vehicle passenger death rates were highest in Idaho, New
Mexico, and Wyoming, possibly related to difficult winter driving
conditions in these mountainous states. Interestingly, neighboring
Utah had a distinctly lower rate of passenger-related deaths, as well
as the lowest per capita consumption of alcohol in the country, which
is likely to be relevent.24

California, Oregon, Utah, Hawaii and the other western states as
well as the gulf coast states had the highest child drowning rates in
the U.S. It is likely that coastal access and mild climate are
contributing factors to this trend.

Death rates due to house fires were distinctly higher in the east
and southeast. The National Fire Data Center suggests that the many
older, wooden houses and large numbers of families living in
poverty, particularly in the southeast, may be causally related.

Suicide rates for children were generally highest in the northern

and mountain states, while high homicide rates were seen in the

23Waller AE, Baker SP, Szocka A: Childhood Injury Deaths: National Analysis
and Geographic Variations. American Journal of Public Health, 1989; 79:310-
315.
24waller AE, Baker SP, Szocka A: Childhood Injury Deaths: National Analysis
and Geographic Variations. American Journal of Public Health, 1989; 79:310-
315.
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southwestern states. Homicide was the leading cause of child injury
death in the District of Columbia.

While national injury mortality statistics are interesting and
useful for studying overall epidemiologic trends, these data are not
suitable for developing injury prevention strategies on a small area

basis. For this task, local community studies are needed.

Kaiser Study
In 1955, the California State Department of Public Health

embarked on a major project to study childhood injuries. As part of
this project, a large-scale study was undertaken of the accident
experiences of 8,874 children who received pre-paid health care at
the Oakland Kaiser Permanente Health facility.2> The study was
limited to children ages 4 to 18 as of May, 1960 who resided in the
cities of Berkeley and Oakland. Only non-fatal, medically attended
injuries were included. Medical records from the Oakland facility
were the source of data on injuries.

The overall injury rate was calculated to be 24.6 per 100
children per year. Falls were the leading cause of injury, followed by
contact with sharp or rough objects or another person, and dog bites.
Passenger and pedestrian-related injuries ranked 10th and 12th
respectively in frequency. Today, these two injury types along with
falls are the three most frequent injuries to children, nationwide.

Boys had more accidents than girls, and the gender difference

became more pronounced with increasing age. They discovered that

25Manheimer DI, Dewey J, Mellinger GD, Corsa L: 50,000 Child-Years of
Accidental Injuries. Public Health Reports, 1966; 81:519-32.
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Asians had the lowest injury rates, and that whites had 40% higher
injury rates than blacks. These findings on white and on black
children were in sharp contrast to national findings at that time, and
also conflict with current studies on race and injury rates.
Furthermore, this study revealed that injury rates were highest
among children of professionals and lowest among children of
unskilled workers, although this trend was greatly reduced when
race was taken into account. It is possible that by eliminating fatal
injuries from the study population, they skewed the data to less
severe injuries and failed to include many children of low SES who
were clustered in the category of fatal outcomes. Since black children
are more often of low SES than white children, they may have
underestimated the total injuries among black children.

The authors could not explain the racial differences other than to
state that their Kaiser population, in general, was of higher SES than
a typical community cross-section, which may have ameliorated the
social trends seen in other studies. This problem with pre-paid
health plan studies exists to an even greater extent today, as tight
health care budgets force HMO's to select a homgeneous group of
subscribers who are overall more healthy, highly educated, and of
higher SES than the community in general. They are not ideal study

groups for injury statistics in the overall population.
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1. METHODS

The trauma services group of Children's Hospital of Oakland
(CHO) keeps records of all trauma patients by incorporating
information into the Bay Area Trauma Registry, a mainframe
computer system. Approximately two months after discharge of the
patient, the chart is pulled from the medical records department,
abstracted, and inputed into the trauma registry. From the registry,
a summary sheet can be generated for each patient, and overall
trauma statistics can be obtained for any time period of interest.

For this study, data were obtained from the trauma registry for
all patients seen at the trauma center from Jan 1 to Dec. 31, 1989.
The data were downloaded from the mainframe into a DBASE 3+ file
and then transferred into a LOTUS 123 spreadsheet for analysis.

Specific measures included the following:

Data Taken From Trauma Registry

Medical Number Date of Arrival
Age Mode of Arrival
Gender Days in Hospital
Race Patient Outcome
Injury Type Residential Zip Code
Injury Severity Source of Pay

For identification purposes, only the medical record number was
taken from the registry. By not including names or initials of the

child, the patient's anonymity was protected.

17



The mode of arrival at the trauma center was categorized as
either ambulance, private transport (usually personal car),
helicopter, public transport (police, fire department etc), or intensive
care transport from another hospital.

The patient outcome was a record of disposition after being
treated in the trauma center, or after discharge if the patient was
admitted to the hospital. The outcome categories included
discharged home; transferred to another hospital; expired; left
against medical advice; foster care; and police custody.

The information on source of pay was collapsed down from
twelve categories to the three categories of private health coverage
(i.e., Blue Cross, Kaiser, etc); Medi-Cal; and self-pay or uninsured. The
original twelve categories included many different types of private
insurance and government coverage, and were too specific for this
study.

The data on types of injuries was also very detailed and was
therefore narrowed down from twenty four categories to the

fourteen categories shown below:

Types of Childhood Injuries

Motor vehicle accident Near Drowning
Auto. vs. Bicycle Burn

Auto. vs. Pedestrian Child Abuse/Assault
Auto. vs. Skateboard Motorcycle/Moped
Bicycle Accident Gunshot

Skateboard Accident Stabbing

Fall Other

18



The motor vehicle accident category included mostly children
who were passengers in the automobile, although a few cases
involved the child as driver. Bicycle and skateboard accident
categories included all those incidents which did not involve contact
with an automobile. When the "Other" category was encountered, the
ICD injury code (E code) was checked to determine if the injury fit
into a more descriptive category. If the injury fell into one of the
other categories, the injury type was changed in the spreadsheet.
Otherwise, the code was kept as an "Other” injury. In only a few
cases was the type of injury changed from "Other" to another type.

When two or more injury types were listed for one patient, a
decision was made on the major mechanism of injury and only this
one was listed in the spreadsheet. This situation arose most often
with child abuse cases in which the mechanism of abuse was also
listed (scald, fall etc.) In these cases, child abuse was listed as the
injury type. Therefore, each patient had only one injury type for the
purpose of facilitating data analysis.

Injury severity was measured in terms of an Injury Severity
Score (ISS). The ISS is calculated from the Abbreviated Injury Scale
(AIS) which is determined upon discharge from the trauma center,
after evaluation and diagnosis of injuries. With the AIS system, a
value from one to six is assigned for each of six body regions, with
one representing a mild injury and six being a very severe injury.

The body regions used in the AIS are shown below:26

26Copes WS, Champion HR, Sacco WJ, Lawnick MM, Keast SL, Bain LW: The
Injury Severity Score Revisited. The Journal of Trauma, 1988; 28:69-76.
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Number Body Region
Head and Neck

Face
Thorax
Abdomen
Extremities
External

(o I R S R S

The ISS is the sum of squares of the highest AIS scores in each of
the three most severely injured body regions. For example, a child
with moderate injuries (AIS = 3) in the face, head and abdomen, and
mild injuries in the other three regions (AIS = 1) would have an ISS
of 27. Thus, the ISS is a summary measure of trauma to either single
or multiple body regions.

One study concluded that an ISS greater than or equal to
sixteen, and/or an AIS greater than or equal to four in any body
region constitutes a major trauma incident.2? They further
determined that an ISS greater than 59, and/or an AIS of six in any
body region, or greater than or equal to five in the head and neck
region was an unsurvivable injury. An ISS greater than 40 has been
shown to correlate with a mortality rate of 50% in patients aged O to
49 vyears.28

The residential zip codes were used to determine which of the
patients resided in Alameda County. All of those who resided

outside the county were eliminated from the study population. The

27Dykes EH, Spence L], Young JG, Bohn DJ, Filler RM, Wesson DE: Preventable
Pediatric Trauma Deaths in a Metropolitan Region. Journal of Pediatric
Surgery, 1989; 24:107-10.

28Baker SP, O'Neill B, Haddon W et al: The Injury Severity Score: A Method for
Describing Patients with Multiple Injuries and Evaluating Emergency Care.
Journal of Trauma, 1974; 14:187-196.
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study population was limited to residents of Alameda County to
ensure that nearly all children who suffered injuries in this area
would be included in this study. The local ambulance companies act
under the premise that all children age fourteen years and under go
to Children's Hospital of Oakland. Furthermore, children transported
by private car will likely be brought to CHO because it is the only
pediatric trauma center in northern California. Even children who
are brought to their closest area hospital will eventually be
transferred to CHO if the injuries require specialized trauma care.

The zip codes were also used to determine the mean household
income (MHI) for the region in Alameda County where each trauma
patient lived. The MHI data was obtained from the California Census
Data Center in Sacramento, whose source was the 1980 national
census. MHI data was used as a gauge of socioeconomic status for
this study population.

All patients fifteen years and older were eliminated from the
study population.  This ruled out the possibility that some of these
older trauma patients would be missed because they were brought
to an adult trauma center in the region instead of CHO. In addition,
the vast majority of older adolescent trauma victims are injured in
car accidents where they were either the driver or passenger. This
fact would skew the data on types of injuries suffered, and make the
results less descriptive of a "true" pediatric population.

Data analysis involved sorting and manipulating the spreadsheet
to evaluate trends and averages in the population. Tests for
statistical significance included Chi-Square analysis, T tests, and

analysis of variance.
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A total of 748 patients were seen at the CHO trauma center in
1989 and were recorded in the trauma registry. Another 49 patients
were seen that year, but not included in the registry at the time of
this study. These 49 cases are not believed to be significantly
different from the total population of trauma patients, and were just
random omissions from the chart abstraction and registry entry
process.

Fifty eight patients (8%) were fifteen years or older and,
therefore, excluded from the study based on the age criterion.

One hundred forty patients (19%) were eliminated from the
study because they resided outside of Alameda County.

The study population then included 550 patients who were
fourteen years or younger and resided in Alameda County. Of this
group, 112 cases were missing one or more of the twelve data
measures. The missing data was most often the home zip code,
followed by source of pay, and mode of arrival. The registry was
then rechecked for the missing information. The cases that were
incomplete in the registry were subsequently pulled from medical
records and manually reviewed. After this process, only eighteen
cases remained incomplete, either because the chart could not be
located, or the information was not included in the medical record.
These eighteen cases were eliminated from the study population,
leaving a total of 532 patients (97%) in the sample. The entire data

set for these 532 patients is included in the Appendix.

22



IV. RE TS

Injury Summary

Of the 532 trauma cases, falls were the most frequent type of
injury followed closely by auto-pedestrian injuries and MVA's.
(Table 1) The average ISS is also shown in Table 1 for all injury
types except for those with very small totals. The injuries with the
highest average ISS also had the highest rates of hospital admittance.
As seen in Figure 1, the injuries with the highest rates of
hospitalization were among the least frequent types of injuries. Falls
and auto-pedestrian injuries ranked 5th and 6th in hospitalization
rates, respectively, while MVA's ranked 12th out of 14 injury

categories in rates of admission.

Table 1. Injury Totals, ISS Values, and Hospitalization Rates.

Number % of Total Avg. ISS % Admitted

Fall 130 24.4% 5.28 59%
Auto-pedestrian 127 23.9% 5.56 46%
MVA 119 22.4% 3.24 21%
Auto-bicycle 36 6.8% 3.83 25%
Bicycle 27 5.1% 3.96 38%
Abuse 22 4.1% 5.77 64%
Burn 21 3.9% 8.67 100%
Other 20 3.8% 9.60 65%
Gunshot 16 3.0% 2.64 27%
Near Drowning 4 0.8% - -
Skateboard 4 0.8% - -
Motorcycle 3 0.6% - -
Auto-skateboard 2 0.4% - -
Stabbing 1 0.2% - -

23




Seven of the 532 patients died as a result of their injuries. Two
of them were drowning cases, one as a result of a fall, one due to

burns, one because of an auto-pedestrian incident, and two because

of other injuries.

Figure 1. Injuries with the Highest Rates of Hospitalization.
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As seen in Figure 2, the number of injuries varied with the
season of the year. The highest incidence of trauma cases occurred
in the spring, followed by the winter season. Contrary to what might
be expected, the summer season showed the lowest number of
injuries. This may be a true reflection of injury patterns, implying
that many injuries occur as children travel to and from school, or at
school. However, it may also be an aberration because children are

more likely to be out of the area on vacation in the summer months.
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Figure 2. Seasonal Variation in Total Injury Cases.
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The most frequent types of injuries also showed seasonal
variations. (Figure 3) Falls and auto-pedestrian injuries were the
leading causes of injuries in the spring and summer months. MVA's
were highest in the fall and winter. The incidence of abuse was
highest in the spring and lowest in the summer. Burn injuries
exhibited no variation with season, accounting for 4-5% of all injuries
throughout the year. Surprisingly, there were no near drowning
episodes during the summer, suggesting that, at least in this sample,

swimming accidents were not a major risk factor.
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Figure 3. Seasonal Variations in Injury Type.
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Gender

The patient population was comprised of 65% males and 35%
females. This sex differential is larger than that found in many other
studies. Although the number of boys and girls differed significantly
in this study, there were no gender differences in injury severity,

mortality rates, or hospital admission rates.(Table 2) .

Table 2. Gender Differences in Injury Severity and Mortality
BOYS GIRLS

Number 345 187

Percent of Total 653% 35%

Average ISS * 4.67 5.35

Percent Admitted 46% 43%

Mortality Rate 1.2% 1.6%

* (T=1.1, p > 0.20)



Boys and girls differed in the types of injuries they suffered. As
shown in Figure 4, boys had proportionally more falls, auto-
pedestrian and bicycle injuries than girls. Girls were more often
victims of MVA's or abuse than were boys. Burns were the only
injuries which did not exhibit a gender difference. Eleven of the

sixteen gunshot victims and the one stabbing victim were males.

Figure 4. Types of Injuries in Boys Versus Girls.
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In Figures 5 and 6 are shown the five most common injuries for
boys and girls, respectively. Girls were more likely to be "passive”
injury victims such as motor vehicle passengers, or victims of abuse
and burns. Boys had more "active" injuries such as bicycle injuries

and falls.
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Figure 5. Five Most Common Injuries in Boys.
(n=341)
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Figure 6. Five Most Common Injuries in Girls.
(n=187)
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Age

The number and types of injuries showed great variation with
age of the child. As seen in other studies, the age group 5-9 years
had the highest number of injuries in the population (181 or 34%).
However, unlike the gender differences, there was a statistically
significant difference in injury severity with age. As seen in Table 3,
the average ISS was highest for children less than one year and

steadily decreased with increasing age.
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Table 3. A Differences in Injury Severity and Mortalit

Age (years) <1 1-4 5-9 10-14
Number 58 152 181 141
% of Total 11% 29% 34% 26%
Avg. ISS * 5.93 5.87 4.46 4.02
% Admitted 48% 57% 44% 31%
Mortality Rate# 3.4% 2.6% 0% 0.7%

* F=2.4, p=0.05 # X2 =6, p=0.11

Although the variation in mortality rates was not statistically
significant, six of the seven trauma-related deaths occurred in
children under age five.

As seen in Figure 7, the most common types of injuries varied
with age group. By a wide margin, falls were the leading cause of
injury among children under age five. Auto-pedestrian injuries and
auto-bicycle injuries were much more common among children ages
5 to 14. MVA's showed the least age variation, accounting for 22-
24% of injuries in all age categories.

Abuse was the third leading cause of injury among children
under one year of age. Accounting for roughly 17% of all injuries in
this age group, the incidence of abuse was statistically higher than
among children older than one year. (p<0.0005) Eleven of the sixteen
gunshot injuries occurred among children ages 5-9. Children ages 1

to 4 had the highest number of burn injuries, accounting for 9% of
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injuries in this age group and two-thirds of all burns in the total

study population.

Figure 7. Most Frequent Injuries by Age Group.
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The gender difference in number of injuries also varied with age
of the child. As seen in Figure 8, the gap between injuries in boys
versus girls grows larger with increasing age. The greatest
difference in injuries between boys and girls occured among the
oldest children, ages 10-14 years. This trend seems to support the
theory that gender differences in injury rates correlate with
differences in sex-role behavior. Infants and young children may
have less gender-dependent differences in play, while older children

may exhibit very different play behaviors between boys and girls.
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Figure 8. Gender Differences in Injury Rates by Age Group.
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Race

Blacks were the largest racial group in the study population,
comprising 54% of all children studied. The breakdown by race is
listed in Table 4 along with the racial population statistics for
Alameda County from the 1990 U.S. census. Compared to the county
population, blacks are over-represented and whites are under-
represented in our sample, while the percentage of Hispanics and
Asians are about the same as the community. Using 1990 U.S. Census
population data for Alameda County, the injury rates per 100,000
were calculated for each racial group and listed in Table 4. The
large injury rate for black children may be due to the predominantly
black population in which the hospital is located, or may represent
actual differences in injury rates or health care utilization as

discussed later.
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Table 4. Comparison of Injury Rates Between Different Races.

Percent in Injury Rate
Number % of Total Alameda Co.* per 100,000

White 110 21% 53% 16.2
Black 285 54% 18% 123.8
Hispanic 72 14% 14% 40.2
Asian 37 7% 15% 19.3
Native Amer. 3 1% N/A -
Other 17 3% N/A -
Unknown 8 1% N/A. -

* (1990 U.S. Census Data)

Injury severity differed with race as shown in Table 5. On the
average, blacks had the least severe injuries, and Asians had the
most severe injuries, although the number of Asian patients in the
sample was low (n=37). Analysis of variance demonstrated
significant differences in average ISS between the different races (p <
0.01), but the differences in mortality rates were not statistically
important. Racial differences in utilization may again explain these
findings.

Only 40% of black children were admitted for their injuries,
while 55% of whites were admitted. This likely reflects differences
in injury severity, but may also be confounded by type of insurance

coverage.
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Table 5. Racial Comparisons of Injury Severity
and Mortality Rate.

Avg. ISS * Mortality Rate % Admitted

White 6.14 1.8% 55%
Black 3.83 1.1% 40%
Hispanic 6.17 1.4% 449
Asian 7.89 2.7% 48%
Native Amer. 5.33 0% 67%
Other 4.88 0% 65%
Unknown 1.63 0% 13%

* (F = 3.6, p < 0.01)

The most frequent injuries suffered are shown by race in Figure
9. Falls were the leading cause of injury among all races except
blacks, for whom auto-pedestrian accidents were most frequent.
Consistent with other studies, the number of falls were
proportionally higher among Asians than among other racial groups.

MVA's were the second leading cause of injury for whites,
blacks, and Hispanics, accounting for between 22-24% of injuries in
these groups. However, among Asians, MVA's ranked third and
accounted for just 13% of injuries in this group.

Although not statistically significant, abuse was the fourth
leading cause of injury among blacks, accounting for 73% of all cases
of abuse in the study population. Black children also suffered two-
thirds of the gunshot injuries and the only stabbing injury in the

population.
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Figure 9. Most Frequent Injuries by Race.

35
30
25

Percent of 20
Total Injuries 15

10
5
0 : ' '
White Black Hispanic Asian
H mvA B Auto-Ped Falls Auto-Bike

Insurance Coverage
As shown in Figure 10, there were large differences in insurance

coverage between the different racial groups. More than one-half of
black and Asian children, and one-third of Hispanic children had
Medi-Cal coverage. In contrast, only 16% of white Children were
Medi-Cal patients. The trend reversed for private insurance as only
20% of blacks, Asians, and Hispanics were covered either by private
plans or HMO/PPO membership, while fully 65% of white children
had such benefits. The self-pay category averaged 20-27% for all
patients, except for Hispanic children, among whom 49% had no

insurance coverage.
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Figure 10. Insurance Status of Racial Groups.
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As shown in Table 6, Medi-Cal patients made up nearly one-half
of the study population, with the remaining half being about equally

self-pay and private coverage patients.

Table 6. Patient Comparison Based on Type of
Insurance Coverage.
Private Medi-Cal Self-Pay

Number 154 243 135

% of Total 29% 46% 25%
Average ISS* 5.69 5.19 3.54

% Admitted** 56% 47% 29%
Avg. Hosp. Days# 2.2 2.8 0.8

* ( p value < 0.05) ** (p value < 0.0005) # (p value < 0.01)

Considering the high cost of tertiary medical care, these results
seem to counter expected findings. One would expect to see less
utilization by those families who can least afford the expense of a
visit to the trauma center. However, as seen in Table 6, the average

injury severity score of self-pay patients is significantly lower than
35



Medi-Cal and private coverage patients. In addition, only 29% of
self-pay patients were admitted to the hospital compared to roughly
half of other patients. (Figure 11) Therefore, the trauma center is
being heavily utilized by patients with less severe injuries who are
least able to pay for the services.

One possible explanation is that people without health coverage
are less likely to have a regular primary care physican or usual
source of care. Therefore, they do not have easy access to health
information or medical advice, and may tend to use hospital
emergency rooms and trauma centers as a clinic for relatively minor

medical problems.

Figure 11. Insurance Coverage and Hospital Admissions.
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However, there also seems to be some cultural differences in
utilization. Looking again at Figure 10, both blacks and Asians have
very high rates of Medi-Cal coverage, however they differ greatly in
utilization statistics. = As shown in Table 4 the injury rate per
100,000 was six times higher for blacks than for Asians. But, it is not
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known whether this is a true difference in injury rates, or a result of
differences in utilization. On the average, Asian patients had much
higher injury severity scores, mortality rates, and hospital admission
rates than did black patients. This leads to the hypothesis that
blacks may utilize the trauma center more often for less severe
injuries, either because of close proximity to the hospital, or again,
because of a lack of access to primary care facilities.

Insurance coverage can be used as an indicator of socioeconomic
status (SES) with private insurance considered a sign of high SES, and
Medi-Cal and Self-Pay considered a marker for low SES. By
comparing the insurance coverage of patients who suffered different
types of injuries, the relationship of SES and injury type can be
assessed.

As shown in Figure 12, Medi-Cal patients accounted for more
than 50% of auto-pedestrian injuries, falls, abuse cases, gunshots, and
bicycle injuries. Only auto-bicycle injuries had a higher
representation of private insurance patients than either Medi-Cal or
self-pay patients. Burns and MVA's were the only injuries which did
not show much variation with insurance status, with roughly one-
third each being private, Medi-Cal, and self-pay patients. While
other studies have shown that MVA's occur at all SES levels, burn

injuries have clearly been linked with low socioeconomic status.29

29MMWR: Differences in Death Rates due to Injury Among Blacks and Whites,
1984. Journal of the American Mgdj7cal Association, 1989; 261:214-216.



Figure 12. Injury Type Broken Down by Insurance Status.
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Regional Variations

The age-specific injury rates for children under age 15 were
calculated for each city in Alameda County. (Table 7) City population
data was taken from thel990 U.S. Census, and the fraction of
children in each locale was obtained from 1980 census data and

scaled-up for regional growth to 1990 values.
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Table 7. Injury Rates in_Cities of Alameda County.

Number of Injury Rates per
Injuries 10,000 children < 15 yr
Alameda 17 13.1
Albany 5 21.1
Berkeley 44 28.5
Dublin 2 33
Emeryville 32 80.1
Fremont 10 2.4
Hayward 38 7.6
Livermore 5 3.2
Newark 3 2.8
Oakland 340 51.2
Piedmont 11 22.2
Pleasanton 2 1.5
San Leandro 13 10.0
Union City 8 5.1

The injury rates varied widely from a low of 1.5 per 10,000
children in Pleasanton to a high of 80.1 per 10,000 in Emeryville.
Oakland, Berkeley and Piedmont also had very high injury rates.
Overall, the average injury rate for Alameda County was 19.5 per
10,000 children under age 15.

To investigate the hypothesis that utilization of the trauma
center is higher in areas that are closer to CHO, age-specific injury
rates were calculated based on distance of the residential zip code

from the hospital. (Table 8)
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Table 8. Variation in Injury Rates with Distance
from Trauma Center.

Distance No. of  Injury Rate per Mode of Arrival
from CHO Injuries 10,000 <15 Trauma sys. Non system
< 3 miles 185 51.1 64% 36%
3-6 miles 135 32.0 70% 30%
6-10 miles 137 45.7 76% 24%
10-15 miles 19 7.0 74% 26%
15-20 miles 25 13.4 92% 8%
20-25 miles 17 3.2 94 % 6%
> 25 miles 14 2.8 93% 7%

The regions closest to Children's Hospital clearly have the highest
injury rates, most likely due to higher utilization rather than higher
incidence of injury. Although it is expected that people would more
often utilize the hospital closest to their home for most emergencies,
this trend would not be typical of centers specializing in critical care
such as trauma centers, neonatal units, and burn centers. These
centers would be expected to draw patients from a wide geographical
area and have a high percentage of intensive care transport such as
helicopters and hospital transfers.

The mode of arrival at the CHO trauma center was divided into
two categories: trauma system and non-trauma system. Trauma
system arrivals include ambulance, helicopter, and transfers from
another hospital. Non-system arrivals include private car and public
transport such as police vehicles. It is evident from Table 8 that the
percentage of non-trauma system arrivals decreases with distance
from CHO. While one-third of patients who live less than 3 miles
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from the trauma center arrive by car or public means, less than 10%
of children who live 15 or more miles away come by non-trauma
system transportation. Two factors may contribute to this pattern of
use. First, a person may be less likely to call and wait for an
ambulance when they live nearby and can drive the child directly to
the trauma center. In addition, persons living closest to the trauma
center may over-utilize it, because by not interacting with the
trauma system (i.e. EMT's, paramedics etc.) patients with minor
injuries are not diverted to more basic medical care.

In Table 9 is a comparison of the different modes of arrival and
the rates of hospital admissions. The largest number of patients
arrived by ambulance (69%), followed by private car (27%).
Although only two patients in this study arrived by helicopter, the
majority of patients who came by this means were from outside

Alameda County.

Table 9. Comparison of Arrival Modes and
Hospital Admissions.
Number % of Total % Admitted

Ambulance 365 69% 45%
Private 142 27% 39%
Hosp. Transfer 17 3% 94%
Public 3 <1% 33%
Other 3 <1% 67%
Helicopter 2 <1% 100%

The trauma system arrivals, including ambulance, helicopter,
and hospital transfer had the highest rates of admission, with an
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overall average of 47% of patients admitted. The non-trauma-
system arrivals averaged an admission rate of 39%. However, this
difference in admission rates is not significant, and, indicates that
many children in Alameda County with severe injuries are not
accessing the trauma system.

The patients who were transferred from another hospital had
the highest average ISS (13.7) followed by ambulance patients (5.1).
Patients arriving by helicopter and private transportation had the
lowest average ISS's of 3.5 and 3.9, respectively.

To evaluate if insurance coverage is a factor in determining the
mode of arrival, the percentage of ambulance versus private
transport arrivals was compared for private, Medi-Cal, and self-pay

patients. (Figure 13)

Figure 13. Comparison of Arrival Modes Based on
Type of Insurance.
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Surprisingly, self-pay patients were just as likely as private
patients to arrive by ambulance, despite the high cost of this service.
This finding seems more puzzling when recalling that self-pay
patients had a significantly lower average ISS and hospital admission

rate than other patients. Thefzwas not a significant difference in



the average ISS of self-pay patients who arrived by ambulance
versus those who came by private means (3.0 and 3.4 respectively).
Figure 13 seems to indicate that type of insurance is not an
important factor in the decision of how to transport an injured child
to the trauma center. However, it is not known how many injuries
actually happened at home where a parent or caregiver would decide
how to seek medical care. It is possible that many times the decision

to call an ambulance is made without knowledge of the child's

insurance status.

Socioeconomic Status

The mean household income for each zip code region in Alameda
County was obtained from the 1980 Census. The lower and upper
quartiles of patients were identified based on the mean household
incomes for the zip code regions in which they lived. Thus, the lower
25% of regional mean income patients constituted a group of low SES,
and the upper 25% of regional mean income patients were
designated as a group of high SES. These two groups of patients are
compared in Table 10.

Children from high SES areas were slightly more likely to arrive
at the trauma center via the trauma system. Although not
statistically significant, patients from high SES areas, on the average,
had higher ISS's, and were more likely to be admitted than patients
from low SES areas. The racial differences were striking especially
for whites and blacks. Only 5% of low SES patients were white in
contrast to 48% of patients of high SES. Blacks, however made up

79% of the low SES group bult1r é:omprised just 35% of the patients



from high SES regions. The injury rates were dramatically different
between the two groups, with the rate being eight times higher in
the low SES areas than the high SES areas. This finding agrees with
racial, geographical and insurance results.

The insurance breakdown for low SES patients followed the
expected pattern with a high proportion of Medi-Cal and self-pay
patients. However, it is surprising that Medi-Cal patients would
comprise 31% of the high SES group. Certainly, the zip code areas are
not homogeneous in terms of socioeconomic factors, and the mean

household income is just a rough approximation of the overall status

of the region.

Table 10. Comparison of Patients of Low SES Versus High SES.

Low SES High SES
Avg. Mean Household Income $12,209 $24,538
Arrival Mode
Trauma system (p> 0.50) 71% 75%
Non Trauma system 29% 25%
Percent Admitted (p= 0.20) 41% 49%
Average ISS (p> 0.50) 4.92 5.43
Race
% White 5% 48%
% Black 79% 35%
% Hispanic 8% 13%
% Asian 8% 4%
Insurance Type
Private 20% 47%
Medi-Cal 50% 31%
Self-Pay 30% 22%
Injury Rate per 10,000 < 15 yr. 75.5 9.5
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The frequencies of different injuries were remarkably similar
between the two groups. (Figure 14) Children from low SES areas
suffered proportionally more gunshot and bicycle injuries, while
children from high SES areas suffered more auto-pedestrian and
auto-bicycle injuries. However, in general there were no significant
differences in the other injury types between the two groups.
According to this study, then, socioeconomic status, as determined by
mean household income of the zip code area, does not play an

important role in predicting the type of injury suffered.

Figure 14. Types of Injuries in Low Versus High SES Groups.
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V. DISCUSSION

In the population of 532 children seen at CHO trauma center in
1989, falls were the most frequent type of injury, followed closely by
auto-pedestrian injuries. Falls were also the leading cause of injury
in the Oakland Kaiser study done 35 years earlier. However auto-
pedestrian injuries are now much more common than when the
Kaiser study was performed. Nationwide, auto-pedestrian injuries
are generally the leading cause of childhood injury.

Although not common injuries, burns and abuse constituted the
most severe injuries and had the highest rates of hospital admissions.
The highest incidence of traumatic injuries occurred in the

spring, and the lowest number in the summer. This may be a true
reflection of injury patterns, suggesting that more injuries occur as
children travel to and from school, or at school. However, it may also
be an aberration because children are more likely to be out of the
area on vacation during the summer.

MVA's were highest in the fall and winter months, possibly due
to decreased daylight hours and poorer driving conditions. The
proportion of falls and auto-pedestrian injuries were highest in the
spring and summer, when children more often play outside, and
windows are more likely to be left open. The incidence of abuse was
lowest in the summer, possibly due to decreased recognition and
reporting of abuse by school teachers and authorities.

The gender difference in number of injuries (65% males, 35%
females) was more pronounced than that found in other studies.  For

example, the Kaiser study population was 52% males and
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females.30  Similiarly, Bijur's large-scale study of injuries among
British children found that between ages 5 and 10, the injury group
was comprised of 52% boys, and 48% girls.3!

There were no gender differences in injury severity, mortality
rates, or hospital admission rates. Gender differences were noted in
the types of injuries suffered. Boys had proportionally more falls,
auto-pedestrian injuries, and bicycle mishaps. Girls had a much
higher fraction of MVA's and abuse than did boys.

Children ages 5 to 9 had the highest number of injuries in the
population. Younger children suffered more severe injuries than
older children. Six of the seven trauma-related deaths occurred in
children under age five. This finding agrees with mortality data
reported in the literature which showed that injury death rates are
highest among children less than one year, and death rates decrease
among older children. 32

The most frequent types of injuries varied by age group. Falls
were the leading cause of injury among children less than five.
Auto-pedestrian and auto-bicycle injuries were more common among
children older than five. Children under one year suffered the
highest incidence of abuse, and children ages 1 to 4 had the most
burn injuries. The gender difference in number of injuries widened

with increasing age of the child.

30Manheimer DI, Dewey J, Mellinger GD, Corsa L: 50,000 Child-Years of
Accidental Injuries. Public Health Reports, 1966; 81:519-32.

31Bjjur P, Golding J, Haslum M, Kurzon M: Behavioral Predictors of Injury in
School-Age Children. American Journal of Diseases of Children, 1988;
142:1307-12.

32Waller AE, Baker SP, Szocka A: Childhood Injury Deaths: National Analysis
and Geographic Variations. American Journal of Public Health, 1989; 79:310-
15.
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Black children made up the largest percentage of the study
population, far exceeding the racial makeup of Alameda County. In
contrast, white children made up a much smaller fraction of the
patient population than indicated by county demographics. On the
average, blacks had the least severe injuries, and Asians had the
most severe injuries. White children had the highest rate of hospital
admissions, and blacks had the lowest. Falls were the leading cause
of injury among all races except blacks, for whom auto-pedestrian
injuries were most frequent. However, Asians suffered
proportionally more falls than children of other races. MVA's
accounted for 22-24% of injuries in all children except Asians, for
whom MVA's made up just 13% of all injuries. Seventy three percent
of cases of abuse occurred in black children.

Medi-Cal patients made up nearly one-half of the study
population, with the remaining half being about equally self-pay and
private coverage patients. In the fiscal year 1988-89, 3.2 million
Californians, or 11.2% of the state's population were eligible for
Medi-Cal.33 In Alameda County, 11.6% of the population was eligible
for Medi-Cal benefits. Comparing the insurance coverage of the
children seen at the trauma center to state and county averages, it is
clear the Medi-Cal patients are greatly over-represented in the study
population. More than one-half of black and Asian children had
Medi-Cal coverage. These patients suffered proportionally more

abuse, falls, gunshots, and auto-pedestrian and auto-bicycle injuries.

33 Medi-Cal County Program Monthly Averages. FY 1988-89. Medi-Cal Reports.
Dept. of Health Services.
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Statewide, according to a 1986 Current Population Survey, 21%
of Californians do not have health insurance.34 When analyzed by
race, Hispanics have the largest percentage of uninsured, about 37%,
compared to appoximately 16% for blacks and whites. In this study,
25% of the children seen at the trauma center were uninsured,
including 49% of the Hispanic children. On average, self-pay patients
had the least severe injuries and the lowest rates of hospital
admissions.

Within Alameda County, Emeryville had the highest age-specific
injury rate, followed by Oakland and then Berkeley. Pleasanton had
the lowest injury rate followed by Fremont, Newark, and Livermore.
The highest injury rates occurred within a three mile radius of
Children's Hospital, and the rates decreased according to distance
from the trauma center. This trend appears to represent differences
in utilization, as people living near CHO more frequently visit the
trauma center. In a similar way, the percentage of non-trauma-
system arrivals decreased with distance from the trauma center.

Nearly 70% of patients arrived at the trauma center by
ambulance, with private transport being the second most frequent
arrival mode. Importantly, hospitalization rates were not
significantly different for trauma system arrivals versus non-trauma
system arrivals. This finding indicates that the trauma system is
missing some severely injured children, while also being heavily

used by children with minor injuries.

34current Population Survey, March 1986.
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In general, patients transferred from another hospital had the
most severe injuries, while children brought in by private means had
less severe injuries. Insurance status did not appear to be an
important factor in deciding how to transport an injured child.

Children from low SES areas were slightly less likely to use the
trauma system for transportation to the trauma center than children
from high SES areas. Children of low SES areas also had lower injury
severity scores, and were less often admitted to the hospital than
children of high SES areas. Low SES patients were predominantly
black and covered by Medi-Cal. High SES patients were mostly white
and had private insurance. Age-specific injury rates were eight
times higher in the low SES zip code areas than in high SES regions,
probably reflecting the fact that low SES areas are closer to the
hospital.

From the results of this study, some general trends were
observed that enable some implications to be made about factors
that influence the type and severity of injuries suffered, and the

patterns of utilization of the trauma center.

Injury_Type

Falls were the most common type of injury, and occurred most
often in the summer months. Age showed a strong association, as
children under age five suffered the greatest number of falls. Asian
children and Medi-Cal patients had proportionally more falls than
other children. Boys were slightly more likely than girls to suffer

falls. SES did not appear to be an important factor in fall injuries.

50



Children ages 5 to 9 had proportionally more auto-pedestrian
injuries than children of other ages, and most such injuries occurred
in the spring and summer. Black and Asian children had the highest
numbers of auto-pedestrian injuries. Gender was not a significant
risk factor. Medi-Cal patients had the highest percentage of auto-
pedestrian injuries, however, SES was not an important determinant
in this study.

Being male and between the ages of 10 to 14 was associated
with an increased incidence of auto-bicycle and bicycle injuries. The
highest proportion of these injuries occurred in the summer. While
private insurance patients had more auto-bicycle injuries, Medi-Cal
patients had the highest proportion of other bicycle injuries.

Child abuse was strongly dependent on age, with children less
than one year at the greatest risk of abuse. Being female, black
and/or insured by Medi-Cal was also associated with higher
incidence of abuse, though not as strongly correlated as age. With
child abuse statistics, it is important to consider the effect of
reporting bias, as physicians, teachers and other officials may have a
higher suspicion of abuse with some kids, such as poor, black and
young children. In this study, SES was not a determining factor, as
equal number of abuse cases occurred in low and high SES groups.

Gunshot injuries occurred two times more often in boys than
girls, and two-thirds of these injuries were suffered by black
children. Ninty percent of gunshot victims were either Medi-Cal or
self-pay patients. There was a strong correlation with SES, as half of
gunshot injuries occurred in children from low SES areas, and none

occurred in the high SES regions.
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MVA's showed little variation with the factors studied,
occurring with nearly equal frequency in all age groups, racial
groups, and independently of insurance status or SES. Only gender
played an important role in the incidence of MVA's, accounting for
35% of injuries in girls, but just 16% of injuries in boys. Since
children are most often passenger victims, it remains to be studied
why girls have more MVA injuries than boys. Perhaps girls are less
often properly restrained in the vehicle than boys. It may also be
that the proportion of MVA's is lower in boys because they more
often suffer other types of injuries. However, in this study girls
suffered more total MVA injuries as well as proportionally more
MVA injuries.

Burn injuries showed little variation with gender, race,
seasonality, insurance status, or SES. These results are in contrast to
other studies which showed burns to be strongly associated with
poverty. Only age appeared to be important, with children less than

five having seven times more burn injuries than older children.

Injury Severity

Injury severity was gauged by the ISS calculated upon
discharge from the trauma center. The average ISS for different
subgroups of the population were then compared using statistical
measures to identify important associations.

Injury severity was strongly associated with age of the child,
with children less than one suffering the most severe injuries. The
average ISS then decreased steadily with increasing age. An age bias

should be considered, as injuries may be rated more severe in
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infants and young children because of their small body size.
However, studies on injury mortality have shown that younger
children have higher death rates due to injury than older children.

Gender was not an important factor in injury severity, as boys
and girls had very similar average severity scores.

The type of injury was a statistically significant factor in injury
severity. Burns, abuse, and "other" injuries had the highest severity
scores. MVA's, auto-bicycle, and bicycle injuries had the lowest
average Severity scores.

Race was a statistically important determinant of injury
severity. Black children had the lowest average ISS, and Asian
children had the highest scores. However, it is not clear whether
there was an actual racial difference in the severity of injuries, or if
this, instead, reflects racial differences in utilization. Both factors
may be influencing the results seen in this study.

Injury severity also showed significant variation with insurance
status, as private-pay patients had the highest average ISS and self-
pay patients had the lowest. This is less an indication of injury
severity than of utilization, as patients without a source of primary
medical care may use the trauma center as a clinic for less severe
injuries. This same pattern is seen with SES results, as children from
low SES areas had a slightly lower average ISS than children from
high SES areas.

In general, children who arrived at CHO via the trauma system
had a higher average ISS than children who came by private

transportation.
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Hospital Admissions

The decision to admit a patient appears to be strongly linked to
injury severity and the factors associated with it. The average ISS of
admitted patients was 8.3 compared to 2.2 for non-admitted
patients. Overall, 45% of patients seen at the trauma center were
admitted for their injuries.

Private-pay patients had the highest admission rates, followed
by Medi-Cal patients, with self-pay patients having the lowest rates
of admission. This pattern directly followed the average ISS of the
different insurance categories.

In a similar way, the types of injuries with the highest average
ISS also had the highest hospital admission rates. Burn injuries, with
an average ISS of 8.7, had a 100% admission rate. However, only
21% of MVA injuries (average ISS of 3.2) were admitted.

This trend was not so evident between racial groups. Although,
on average, Asians had the most severe injuries, whites had the
highest hospitalization rate. It is likely that insurance status is
confounding these results, because Asians were proportionally more
often Medi-Cal and self-pay patients than whites. Black children had
both the lowest average ISS and the lowest admission rate.

Children arriving via the trauma system had nearly the same
rate of admission as children arriving outside the system. This
surprising finding indicates that many children with significant
injuries are not accessing the trauma system, and/or the trauma
system is being heavily used by children with minor injuries not

requiring hospitalization. The trauma system appears to lack the
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sensitivity and specificity to pick up the children who most need the
critical care transportation to the trauma center.

Hospitalization of an injured child is clearly influenced by many
conditions. Multivariate analysis is necessary to identify the most
important factors affecting the hospital admission rates of the

trauma center patients.

Utilization

Oakland Children's Hospital trauma center is the only trauma
center in northern California dedicated to the care of critically
injured children. Because it is a tertiary care center requiring 24-
hour staffing by a wide variety of pediatric specialists, it is a very
high cost operation. Because of its high cost and exclusiveness in the
region, its patient population would be expected to be the most
critically injured children from throughout the northern California
region.

But, based on this study, the patient population is quite
different than expected for a specialized critical care center. Eighty
percent of the patients came from Alameda County, in which
Children's hospital is located. Sixty-six percent lived within a 10
mile radius of the hospital, and 27 percent lived less than 3 miles
away from the trauma center. Thus, there is very heavy utilization
of the trauma center by local residents.

Overall, about 45% of the patients seen at the trauma center
were admitted to Children's Hospital for their injuries.  This means
that over one-half of the injuries were not severe enough to

necessitate hospitalization. It seems likely that many of these minor
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injuries could have been treated in an outpatient clinic or basic
emergency service. It is important to determine what factors
influence the decision to bring an injured child to the trauma center.
Possible reasons may include its close proximity; high level of trust
in quality of care; previous good experience at CHO; no other options
for medical care; or a lack of medical information about what
constitutes a severe versus a minor injury. This last reason may be
due to having no source of medical advice such as a clinic number to
call, and may be complicated by language and cultural barriers.

Only two patients left the center against medical advice, which
indicates that compliance with hospitalization was high on the part of
the families, despite the high cost to uninsured or underinsured
patients.  In fact, utilization of the trauma center was very high by
people who seem least able to afford it. Even more striking was the
finding that patients with no insurance presented with the least
severe injuries. The self-pay patients do not come to the trauma
center only with catastrophically severe injuries, but with relatively
minor injuries as well. This indicates that for many people there is
no other alternative for medical care, and the trauma center serves
as a clinic for treatment of mild injuries.

Utilization of the trauma center also varied greatly among
different racial groups. Black children made up the majority of the
patient population, followed by whites, then Hispanics, and Asians.
The high fraction of black patients is probably a local/regional effect
due to the predominantly black community in which the hospital is

located. Black patients had the lowest average injury severity score,
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and the lowest hospitalization rate indicating, again, high utilization
for relatively minor injuries.

Insurance coverage alone does not adequately explain these
findings. Fifty percent of both blacks and Asians had Medi-Cal
coverage, and yet Asians made up a proportionally small fraction of
the patient population. Furthermore Asian patients presented with
the most severe injuries, on average, of all patients. In addition, one-
half of Hispanic children had no insurance, and yet their average
injury severity and hospitalization rates approached those of whites,
who mostly had private insurance. Therefore, despite some
similarities in insurance status, blacks had much higher utilization
than the other racial groups. This may be a true reflection of a
higher incidence of injuries in black children, or may be simply
explained by the high local utilization of the trauma center.

By using mean household incomes of the zip code regions in
Alameda county, socioeconomic status was assessed as a factor in
utilization of the trauma center. The injury rate was eight times
higher in the low SES areas than in the high SES areas. This finding is
likely confounded by the regional variation in utilization, as many of
the low SES zip code regions are in close proximity to CHO. In
addition, 80% of the population was black in the low SES areas.
Therefore, the effects of race and geographical location cannot be

separated from the SES effect.

Limitations of Study
The focus of this study was the trauma patient ... his/her age,

gender, race, the type and severity of injury, length of

57



hospitalization, type of insurance and area of residence. Many
factors which likely influence the occurrence and severity of
pediatric trauma were not included in this study. Some of these
factors include sibling and family information, previous childhood
injuries, level of adult supervision, and child behavioral
characteristics. This study was not, therefore, an all-inclusive
evaluation of the risk factors of pediatric trauma.

This study also focused on the trauma center and the makeup of
patients who utilize it. While this center is heavily used by the local
population, it would be important to characterize the patients who
come from outside the local area to fully describe the patient
population. By limiting the study group to Alameda County
residents, it was intended to fully describe pediatric trauma in this
community. However, it is clear from the results that the majority of
patients come from a small area around the hospital, and therefore,
these conclusions do not generally apply to outlying regions of the
county.

No assessment was made of the patient's condition after
discharge from the trauma center. Therefore, although mortality
rates were very low for this population, it is not known what level of
chronic morbidity and/or disability exists among these patients.
Patient followup would be a vital part of any further study.

The evaluation of socioeconomic status used a very crude
measure of zip code mean household incomes. Zip code areas are not
homogeneous in terms of socioeconomic factors, and mean household
income is a very rough approximation of the overall status of the

region. In addition, the census data on mean household incomes was
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10 years old, and major demographic shifts would certainly be
expected during this time.

Finally, to fully assess the individual impact of each of the
factors studied, it would be necessary to control for the confounding
influence of the variables on one another. For instance, it is evident
from the results that insurance status, race and socioeconomic status
are interrelated. Multiple regression analysis is needed to determine
which factors most strongly predict the type and severity of injuries

suffered, and the clinical course and outcome of the patient.
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