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Abstract

Objective: Our aim was to compare urban and rural non-accidental trauma for trends and characterize where injury
prevention efforts can be focused. Pediatric trauma patients (age 0-14 years) at two level | adult and pediatric trauma
centers, one rural and one urban, were included and data from the trauma registries at each center was abstracted.

Results: Of 857 pediatric admissions, 10% of injuries were considered non-accidental. The mean age for all non-
accidental trauma patients was significantly lower than the overall pediatric trauma population (2.6 vs. 7.7 years,

P <0.001). Significantly more fatalities occurred in the non-accidental trauma cohort (5.7% vs. 1% P =0.007). In nearly
half of all non-accidental trauma patients, the primary insurance was government programs (49%) and 46% were
commercial insurance. The proportion of government insurance in non-accidental trauma was higher in both urban
and rural cohorts. There were similar rates of urban and rural patients sustaining non-accidental trauma who were
uninsured (6.5 vs. 5.3%). Patients that were younger, in a rural location, and receiving government insurance were at
higher risk of non-accidental trauma on univariable analysis. However, only age remained an independent predictor

on multivariable analysis.
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Introduction

Injury is the most common cause of morbidity and mor-
tality in children within the United States. Long-term
complications, including depression [1], chronic pain
[2], and physical functional deficits that include diffi-
culty with mobility and self-care [2—4], have been seen in
almost half [3] of injured children. Victims have also been
shown to have a quality of life deficit as compared to their
peers [2, 5].

Types of injuries and outcomes after pediatric trauma
vary based on age, sex, income, and area of residence [6].
Specifically, studies comparing rural and urban pediat-
ric trauma generally demonstrate higher incidence and
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mortality in rural areas [6—8], while data from Canada
[9] suggests non-accidental trauma is more prevalent in
urban areas. Non-accidental trauma in the United States
is associated with more severe injury and worse out-
comes than unintentional injuries [4, 8, 10].

Despite existing data demonstrating the impact of
environmental circumstances on pediatric trauma, little
is known about the difference in epidemiology and out-
comes after injury in children treated at urban versus
rural pediatric trauma centers. This information would
be useful in informing tailored injury prevention efforts
and in ensuring pediatric trauma centers are prepared
to care for their endemic populations. Our aim was to
compare patterns of urban and rural non-accidental
trauma, to evaluate for potential trends and identify
cases where injury prevention efforts can be focused.
Identifying factors associated with non-accidental
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trauma may function as a cue for providers to conduct
further assessment in cases of pediatric trauma poten-
tially preventing future harm. We hypothesized higher
mortality in non-accidental compared to accidental
trauma and higher severity of injury in urban non-acci-
dental trauma compared to their rural cohort.

Main text

Methods

To test our hypothesis, we gathered data from two
American College of Surgeons level I adult and pediat-
ric trauma centers, one in an urban setting and one in a
rural area of the same state. All pediatric trauma admis-
sions from May 2010 through July 2011 were identified
in the trauma registries at the two centers. Trauma reg-
istries are maintained by trained abstractors accord-
ing to guidelines set forth by the American College
of Surgeons. Pediatric patients were defined as being
between 0 and 14 years old at the time of admission.
Patients with burn injury were excluded from the anal-
ysis, as only one of the hospitals includes an American
Burn Association-verified burn center. Data collected
included treatment center (urban or rural), patient age,
gender, mechanism of injury (blunt or penetrating),
injury severity score (ISS), hospital length of stay, out-
come, and payer group. Intent of injury was recorded
in the registry based on the Centers for Disease Control
matrix of E-code groupings for injury as non-acciden-
tal, accidental, self-inflicted, undetermined, or other.
We included only patients with intent coded as acci-
dental or non-accidental in our study.

The Institutional Review Board for Human Subject
Research Committee approved the study at each institu-
tion in accordance with the ethical standards of the insti-
tution and with the Helsinki declaration. This research
involved retrospective data collection, therefore formal
consent is not required for this type of study and all iden-
tifying information was eliminated following comple-
tion of data gathering. We first compared non-accidental
and accidental trauma in the entire cohort, followed by
a comparison of non-accident trauma in the urban and
rural cohorts. To test for similarities and differences we
conducted the Chi? test for categorical variables, Stu-
dent’s T test for comparison of means, and Mann—Whit-
ney test for comparison of medians. We also conducted
regression analysis to identify potential factors associated
with non-accidental trauma while controlling for poten-
tial confounding variables. Univariable and multivariable
logistic regression was conducted to assess factors associ-
ated with non-accidental trauma. Statistical significance
was set for two-sided tests at P <0.05. Statistical analysis
was conducted using STATA 14.1 (College Station, TX).
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Results

Of 857 patients, the majority were treated at the rural
center (54% vs. 46%). There were no significant differ-
ences between the urban and rural patients with regard
to age (mean 7.2, SD 4.4), sex (65% male), ISS (median 4),
or mortality (1.5%). Length of hospital stay (3.8 vs. 2.7,
P=0.01) and penetrating injury (9% vs. 5%, P=0.024)
were significantly higher in the urban cohort. The most
common mechanism of injury for both groups was fall
(35%). Rural children were less frequently transported
by ambulance than urban children (41.6% vs. 64.2%,
P<0.001). Children treated at the rural center were
more likely to be uninsured compared to urban children
(4% vs. 7%, P<0.001), while urban children were more
frequently covered by government insurance (43% vs.
26%, P<0.001). We found no significant difference in
mortality between urban (2%) and rural (1.1%) children
(P=0.274).

Overall, 10% of injuries were considered non-acciden-
tal (Table 1). The mean age for all non-accidental trauma
patients was significantly lower than the overall pediat-
ric trauma population (2.6 vs. 7.7, P <0.001). Significantly
more children treated at the rural center were impacted
by non-accidental trauma compared to the urban center
(12.3% vs. 7.9%). Additionally, significantly more fatali-
ties occurred in the non-accidental trauma cohort (5.7%
vs. 1%, P=0.001). A higher proportion of children with
government insurance were impacted by non-accidental
trauma (Table 1).

Table 1 Comparison of accidental and non-accidental
trauma in the upper Midwest

Accidental  Non-accidental P value®
trauma trauma (N =88)
(N=769)
Age (y), mean (SD) 7.7 (4.2) 26(3.2) <0.001
Male, N (%) 510 (66.3) 50 (56.8) 0.076
ISS, median (Cl) 4(4,4) 9(9,9) <0.001
LOS days, mean (SD) 3.0(5.6) 48(9.8) 0.011
Mortality, N (%) 8(1.0) 5(5.7) 0.001
Mechanism of injury 706 (92.5) 87 (98.9) 0.026
blunt, N (%)
Urban versus rural, N (%) 0.037
Urban 361 (92.1) 31(7.9)
Rural 408 (87.7) 57(12.3)
Payer group, N (%) 0.010
Government 246 (32.3) 43 (48.9)
Commercial 447 (62.4) 40 (45.5)
Uninsured 41 (54) 5(5.7)

ISS injury severity score, LOS length of (hospital) stay, y years

2 Chi? test for categorical variables, Student’s T test for comparison of means
and Mann-Whitney test for comparison of medians
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Table 2 Characteristics of non-accidental trauma

Urban (N=31) Rural (N=57) P value?

Age (y), mean (SD) 22(28) 2.8(3.4) 0418
Male, N (%) 20 (64.5) 30(52.6) 0.282
ISS, median (Cl) 9(5,9 99,9 0.539
Mortality, N (%) 2 (6.5) 3(5.3) 0.818
LOS days, N (%) 62(12.2) 40(83) 0.323
Mechanism of injury 31 (100) 56 (98.3) 0458

blunt, N (%)
Payer group, N (%) 0.006

Government 22 (71.0) 21 (36.8)

Commercial 7(22.6) 33(58.9)

Uninsured 2 (6.5) 3(5.3)

ISS injury severity score, LOS length of (hospital) stay, y years

2 Chi? test for categorical variables, Student’s T test for comparison of means
and Mann-Whitney test for comparison of medians

Specifically examining children impacted by non-acci-
dental trauma, there was no significant difference in age,
gender, or mortality between the patients treated at the
rural or urban center. (Table 2). A larger proportion of
non-accidental trauma patients were insured by govern-
mental programs in both the urban (71% vs. 43.4%) and
rural cohorts (36.8% vs. 26%). Patients that were younger,
at the rural center, and receiving government insurance
were at higher risk of non-accidental trauma on uni-
variable analysis (Table 3). However, only age remained
an independent predictor on multivariable analysis
(Table 3).

Discussion

Trauma remains the leading cause of death among chil-
dren and adolescents in the United States. In Minnesota,
the unintentional injury death rate from 2001 to 2005

Table 3 Regression analysis of factors associated
with non-accidental trauma in the upper Midwest

OR(CI) P value® OR (Cl) P value®

Age 0.66 (0.59,0.72) <0.001 0.67(0.60,0.73) <0.001
Sex male 0.69 (0.47,1.05) 0078 -
Rural 1.63(1.03,2.58) 0.038 1.55(0.93,2.59) 0.094
Mechanism of 0.14(0.02,1.04) 0055 -

injury penetrat-

ing, N (%)
Payer group,

N (%)

Government 2.08(1.32,3.29) 0.002 1.37(0.82,2.29) 0.230

Commercial Ref Ref

Uninsured 1.45 (0.54,3.89) 0455 1.08(0.37,3.14) 0.885

@ Univariable logistic regression
b Multivariable logistic regression
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was 13.6 per 100,000, which is lower than the national
average of 15 per 100,000 [12]. We found that victims of
non-accidental trauma had an even higher mortality than
victims of unintentional trauma which is similar to other
studies comparing the two [11-13]. However, we reject
part of our hypothesis; we found no significant differ-
ences in injury severity in urban versus rural non-acci-
dental trauma. Only age remained a significant predictor
of non-accidental trauma following adjustment for con-
founding variables.

In looking specifically at differences in the rural and
urban population, our study cohort contained a higher
percentage of patients treated at the rural center. While
there were differences in mechanism and payer group,
there were no differences in injury severity or mortality
when comparing centers. This differs from previous stud-
ies that have consistently demonstrated a higher risk of
overall injury [6, 13—15] and higher rates of fatal injury
for children in rural areas [13]. National data comparing
rural and urban trauma echoes these other studies, dem-
onstrating increasing mortality with increasing rurality,
though homicide rates tend to be higher in urban areas
[16]. Across the nation this difference is generally attrib-
uted to a lack of pre-hospital care and long transport
times in rural areas. However, our data may differ, as both
centers in this study are well-established multi-specialty
pediatric trauma programs with emergency transport
systems.

We found that non-accidental trauma occurred at
nearly twice the rate in rural setting when compared to
the urban setting. Other studies focusing on non-acci-
dental trauma report the opposite; a greater incidence
in urban locations [9], specifically demonstrating more
violent pediatric deaths and firearm injuries [13, 17].
These findings; however, were demonstrated in older age
groups than our study population. In our cohort, ages 14
and under, all the firearm-related injuries were consid-
ered accidental. Consistent with national data [11, 12,
14], the non-accidental trauma group in our study tended
to be younger than the general population of pediatric
trauma patients.

For nearly half of all non-accidental trauma patients,
the primary payer was a government insurance program,
this being even more pronounced in the urban setting.
Bogumil et al. reported 64% of patients who were victims
of non-accidental trauma across the United States had
government insurance [15]. Interestingly, in our cohort,
despite a higher non-accidental trauma rate, a lower per-
centage of patients at the rural center were covered by
government insurance. In an analysis of injury-related
emergency department visits in 14 states including
Minnesota it was noted that children from low-income
communities were more likely to have injury-related
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emergency department visits than children from higher-
income communities. In the Minnesota cohort of this
study, 7% of children admitted with injury were unin-
sured, 20.9% had Medicaid or government insurance, and
70.8% had private insurance [7]. Despite a higher non-
accidental trauma rate, a lower percentage of patients at
the rural center were covered by government insurance.
Perhaps the rural cohort more accurately reflects the
Minnesota population.

In our cohort, patients that were younger, treated at the
rural location, or receiving government insurance were
at higher risk of non-accidental trauma; however, only
age remained an independent predictor on multivariable
analysis. Other studies have shown this similar relation-
ship between age and risk for non-accidental trauma.
From 2014 reports from the US Department of Health
and Human Services, 27.4% of children who suffered
non-accidental trauma were younger than 3 years old,
comprising 70.7% of child fatalities.

Most children who die of violence-related injuries
have had previous treatment for non-accidental injuries
[16-18]. Clinicians have been increasingly called upon
to expand their role by recognizing non-accidental inju-
ries, intervening, and educating about prevention of such
injuries. This can be difficult in emergency settings where
time constraints are limiting and providers are often
unfamiliar with the patient [19]. Without intervention,
children returning to abusive homes face a 44% risk of
repeated injury [20].

Limitations

Our data represents patients from two Midwest level I
pediatric trauma centers. This population may not rep-
resent those in other areas of the country. Even with the
combination of two centers’ data, our sample size was
relatively small. Our sample did not include burn inju-
ries (another common cause of non-accidental injury in
children) or children who died in the pre-hospital setting.
As in other retrospective studies, data used in the analy-
sis are limited to that which is available in the electronic
medical record. It is possible that some instances of
non-accidental trauma were missed during the patient’s
admission. Injury pattern, severity, and patient demo-
graphics need to be studied further, to optimize poten-
tial preventative strategies. A higher proportion of both
urban and rural patients with government insurance are
victims of non-accidental trauma than their commercial
insurance counterparts. Additional large, multicenter
studies are needed to focus on non-accidental trauma in
the pediatric trauma population. Outreach efforts there-
fore should focus on this cohort for educational interven-
tions aimed at reducing childhood trauma in this cohort.
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