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Abstract

Background—Timely access to trauma care requires that severely injured patients are ultimately
triaged to trauma centers. We sought to determine triage patterns for the injured population within
the state of California to determine those factors associated with under-triage.

Methods—We conducted a retrospective analysis of all hospital visits in California using the
Office of Statewide Health Planning and Development Database from January 1, 2005, and
December 31, 2009. All visits associated with injury were linked longitudinally. Sixty-day and
one-year mortality was determined using vital statistics data. Primary field triage was defined as
field triage to a Level I/11 trauma center; re-triage was defined as initial triage to a non-Level 1/I1
center followed by transfer to a Level I/Il. Regions were organized by “Local Emergency Medical
Services Agencies” (LEMSAS). The primary outcomes were triage patterns and mortality.
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Results—The undertriage rate was 35% (N=20,988), but was variable across regions (12% to
87%). Primary field triage ranged from 7% to 77%. Re-triage rates were overall low (6%), but also
varied by region (1% to 38%). In adjusted analysis, factors associated with a lower odds ratio of
primary field triage included: age=55 (OR 0.78, p=0.001), female gender (OR 0.88, p=0.014),
greater number of comorbidities (OR 0.92, p<0.001), and fall mechanism vs. motor vehicle
collision (OR 0.54, p<0.001). One-year mortality was higher for under-triaged patients (25% vs.
16% and 18% for primary field and re-triage, respectively; p<0.001).

Conclusions and Relevance—This is the first study to create a longitudinal database of all
emergency department visits, hospitalizations, and long-term mortality for every severely-injured
patient within an entire state over a 5-year time period. Under-triage varied substantially by region
and was associated with multiple factors including access to care and patient factors.

Level of Evidence—Epidemiologic study, level 111

Background

Inclusive trauma systems are designed to match the needs of injured trauma patients to the
resources best suited for their needs. Care of severely-injured patients at Level | & Il trauma
centers has been shown to reduce mortality by as much as 25%. Ideally, pre-hospital
emergency medical service providers and the network of hospitals within a region should
work together to limit the percentage of severely-injured patients taken to a non-trauma
center to 5%.2

In order to ensure trauma systems are optimally functioning, it is important to know where
all severely injured patients are transported as well as their associated outcomes. This
requires population-level data and long-term data on mortality. California has complete data
on all emergency department and hospital visits which allows for such an analysis. It is the
most populous state in the United States with widely varying geography that can present
challenges for the triage of severely-injured patients. As in most states, authority over
California's emergency medical service is not centralized. The responsibility to develop and
act on triage policy falls to California's 32 Local Emergency Medical Service Agencies
(LEMSAS) that govern the 58 counties within the State. Each LEMSA develops its triage
policy which is then approved by the State of California's Emergency Medical Services
Agency. Given these characteristics, California can serve as a model for understanding
different factors that influence triage and outcomes.

We hypothesized that under-triage would be common and that there would be significant
regional variability in triage patterns. To evaluate triage patterns and outcomes, we created a
longitudinal database of all hospital and emergency room visits for injured patients, which
was then linked to vital statistics data.

Methods

Data source and linkage

Data for all hospital discharges and Emergency Department (ED) visits in the state of
California were obtained from the California's Office of Statewide Health Planning and
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Development Database (OSHPD)3 for the time between January 1, 2005, and December 31,
2009. Mortality was determined using the linked ED and PDD/Vital Statistics data provided
by OSHPD. Detailed information on hospital characteristics was derived from the OSPHD
State Utilization Data File of Hospitals. Trauma center status was confirmed manually for
each hospital for each year by comparing to California Emergency Medical Information
System (CEMSIS) data and evaluation of hospitals' websites.

Hospitalizations associated with a primary diagnosis of injury were identified. These
admissions were linked to ED visits and other hospitalizations using patient-specific record
linkage numbers. The operating assumption was that any ED visit or hospitalization that
preceded or followed the index admission date by 2 days was likely associated with the
same injury event. Two days was selected as the time frame as there are some transfer
processes from rural areas which may take longer than 24 hours.

Inclusion/Exclusion Criteria

We included all patients >18 years of age with a hospital admission listing a primary
diagnosis consistent with trauma (ICD9-CM 800.00 to 959.0, excluding 905 to 909; and 910
to 924, and 930 to 939). 2 Patients were excluded if the primary diagnosis was listed as a
burn injury, if the index admission was listed as “elective,” or if admission was not to a
general acute care hospital (e.g. psychiatric health facility). Patients who had an ED
disposition indicating death were excluded as it would have not been possible to distinguish
between dead-on-arrival versus those who died in the ED. We also excluded cases where it
would have been impossible to link or determine the order of subsequent hospital visits (e.g.
patient records without record-linkage numbers or dates of service).

Definitions and Outcomes

We analyzed patients who were severely injured as defined by an injury severity score (ISS)
>15.2 ISS was derived using a Stata module, the ICD Programs for Injury Categorization
(ICDPIC, version 3.0).4:°

The primary outcomes for the study were triage patterns and long-term (60-day and 1-year)
mortality. Triage patterns were categorized as field triage, re-triage, and under-triage. “Field
Triage” was defined as a patient with an 1ISS>15 who was directly transported from the field
to a Level I or Il trauma center. “Re-Triage” was defined as a patient with an 1ISS>15 who
first visited a non-Level I/11 trauma center, but was subsequently taken to a Level I/11 trauma
center. “Undertriage” was defined as any patient with an 1SS>15 who was never taken to a
Level I/11 trauma center.

Adjustment Variables

Demographic information including age, gender, and race/ethnicity were included in the
analysis. Insurance status was classified into the following categories: uninsured/self-pay,
Medicare, Medicaid, private (including commercial Insurance and commercial HMO), other
(e.g., worker's compensation, TRICARE, CHAMPUS), and unknown. Elixhauser
comorbidity data were derived from the ICDPIC module and was included in the analysis to
control for comorbidities. 6
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The ICD-9 Injury Severity Scores (ICISS) were used to adjust for likelihood of survival
based on injury diagnoses.”8 Mechanisms of injury were included in the analysis and were
determined using principal E-codes (present in 97% of patients). Finally, the rural-urban
designation of the index hospital was also included and was derived from Rural-Urban
Commuting Area Codes (RUCA) classification system.9:10

Statistical Analysis was performed using SAS version 9.2 (SAS Institute, Inc., Cary, NC).
Categorical data was compared using chi square analysis. Continuous data were compared
using Student's T-test for data satisfying normality assumptions and Wilcoxon rank sum was
used for nonparametric data. We performed multivariate logistic regression using a priori
determined predictor variables. A random effects model was used to cluster by hospital.
These variables include age, sex, race, insurance status, injury severity (ISS and ICISS),
mechanism of injury, number of Elixhauser comorbidities, and rural-urban status of the first
hospital visited.

A total of 550,683 injured adults were admitted to acute care hospitals for trauma over the
study time period. Of this group 60,182 (11%) were severely-injured (as defined by an
ISS>15). Severely-injured patients were more often older (52% were = 55 years of age),
male (67%), and white (59%). (Table 1) For patients who survived the ED, 60-day mortality
was 14% and by one year, mortality had risen to 19%.

The undertriage rate for the state during the study time period was 35% (N=20,988). Only
3,342 of 24,330 (14%) of patients with an ISS>15 initially brought to a non-trauma center
were later transferred to a trauma center (i.e. “re-triaged”). Undertriage rates were higher in
LEMSAs without trauma centers (58%) compared to those with trauma centers (32%).
There was substantial variability in triage patterns between all of the LEMSAs. (Figures
1A&B)

There were significant differences between patients who were treated at trauma centers
compared to patients who were undertriaged. On average, undertriaged patients were older.
Patients aged = 55 comprised 52% of all patients with an 1SS>15, but comprised 72% of the
undertriaged population (vs. 40% of patients who were treated in a trauma center, p<0.001).
Patients who were undertriaged were more often female (41% vs. 33% for all patients with
ISS>15, respectively, p<0.001), and more often white (65% vs. 59% for all patients with
ISS>15, p<0.001). Patients not taken to trauma centers were less severely-injured compared
to primary field triage and re-triage patients (11% had an ISS = 25 vs. 24% and 16%,
respectively; p<0.001) and more often injured by a fall mechanism (57%, vs. 27% and 42%
in primary field triage and re-triage patients, respectively, p<0.001). (Figure 2) In adjusted
analysis, characteristics associated with likelihood of primary field triage including younger
age, male gender, self-pay insurance status, lower ICISS (i.e. lower likelihood of survival),
penetrating mechanism of injury, and fewer number of comorbidities. (Table 2)
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Undertriage was associated with higher unadjusted 60-day and 1-year mortality compared to
primary field triage and re-triage. Sixty-day mortality rates were 16% for undertriaged
patients vs. 13% for those who underwent primary field triage and re-triage (p<0.001). One-
year mortality was 25% for patients who were undertriaged vs. 16% and 18% for primary
field triage and re-triage, respectively (p<0.001). However, after adjusting for demographics,
comorbidities, insurance status, urban/rural designation, mechanism of injury, and ICISS,
mortality was not different for patients who were undertriaged vs. those who were treated in
a trauma center (adjusted 60-day mortality odds ratio(OR) 1.04, 95% CI 0.94-1.14).
Similarly, residing in a LEMSA that did not have a trauma center was not associated with
higher adjusted odds of death for patients with an 1SS>15 when compared to patients living
in a LEMSA with a trauma center (adjusted OR 1.07, 95% CI 0.97-1.18). When comparing
adjusted odds ratios for 60-day mortality across all LEMSAS, there was no statistical
difference in outcomes between most of the regions. Only 4 of the 32 LEMSAs had
significantly higher odds for 60-day mortality compared to the reference LEMSA. (Figure 3;
reference LEMSA is “LL")

This is the first study to create a longitudinally-linked database for all injured patients in the
most populous state in the United States from 2005 to 2009. We found that undertriage rates
in California averaged 35% and that undertriage varied substantial between the different
EMS regions. We know of no explicit policy differences between EMS regions to explain
the observed variability. The high rate of undertriage is comparable to findings from two
other statewide trauma triage studies. In 1988, Maryland was found to have an undertriage
rate of 34%.11 In California, Vassar et al. found an undertriage rate of 44% from 1995-1997.
Both of these previous studies used statewide administrative hospital discharge data;
however, they differed slightly from the current study in that the definition for undertriage
was based on a set of injury criteria thought to represent conditions best served by trauma
centers.12 We chose to use an 1SS>15 to be consistent with the definition used by the ACS-
COT to determine trauma center need.13 Despite the differences in methodology,
undertriage rates for the 3 studies are similar and provide some degree of validation.

The reasons for the observed rates of undertriage are likely multifactorial. Access to trauma
centers likely plays a role as one-half of the LEMSAs do not have trauma centers and
overall and undertriage is higher for LEMSAs without trauma centers. However, this cannot
be the only determinant. There are high rates of under-triage (>20%) in all but one of the
LEMSAs that have trauma centers. Of those LEMSAs that have trauma centers, some of the
highest rates of under-triage (>30%) occur in urban areas that have easy access to a trauma
centers. (Population density is not shown to maintain LEMSA anonymity.) Furthermore,
two of the LEMSASs without trauma centers have under-triage rates that are lower than any
of the LEMSAs with trauma centers. This argues that other factors other than having a
trauma center in a LEMSA play a role in determining under-triage.

Patient factors suggest a possible cause for the observed rates of under-triage. Over 70% of
the undertriaged patients were =55 years of age and almost 60% had a fall mechanism as the
cause of their injuries. We also found that the adjusted odds for transfer to a trauma center
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were 0.78 for patients =55 compared to those younger than 55. These data suggest that
under-triagemay be driven largely by the under-triage of severely injured elderly patients.
Geriatric undertriage has been well-described in the literature. Nakamura et al. have shown a
linear relationship between age and undertriage in a population-based study.4 Hsia et al.
showed the odds of care at a trauma center was 0.30-0.35 for severely-injured elderly
patients, even after controlling for patient and geography.1® Therefore, it may be that the
severity of injuries in elderly patients who fall is under-appreciated by first responders who
then transport patients to non-trauma centers. With a growing elderly population, this results
in a large number of patients and therefore high under-triage rates overall for the trauma
system. Further work is required to better understand how the trauma system performs for
the young versus the old.

Another finding was that severely-injured patients that are initially transported to non-
trauma centers are infrequently re-triaged (14%), and that these rates are also low in
LEMSAs with trauma centers. This suggests that non-trauma hospitals are “sticky” with
regards to transferring trauma patients with severe injuries. Since statewide trauma systems
have limited influence over non-trauma hospitals, any policy changes will need to focus on
improving primary field triage or find a way to encourage re-triage from non-trauma
hospitals.

We also evaluated the association between triage patterns and mortality. Several studies
have documented improved outcomes when severely-injured patients are treated in
designated trauma centers.1:16-18 The landmark National Study on the Costs and Outcomes
of Trauma (NSCOT) showed that the risk of death is 25% lower when care is provided in a
regional, Level | trauma center than when it is provided in a non-trauma center hospital.13
We found higher unadjusted 60-day and 1-year mortality in the undertriaged population, but
did not see mortality benefit after adjusting for patient and injury characteristics. One
possible reason for this may be due to the large proportion of under-triaged patients who
were elderly. The inclusion of elderly patients in trauma outcome analyses can affect results.
When trauma center performance is subjected to risk-adjusted benchmarking, concordance
for center performance across age strata shows poor agreement (kappa, 0.23). 1° This is
likely due to the complexity of risk-adjustment in the setting of chronic conditions and
varying levels of frailty. Furthermore, a recent population-based analysis of elderly trauma
patients also failed to demonstrate a mortality benefit for severely injured elderly patients
treated at trauma centers vs. non-trauma centers.20 Since the elderly comprise the vast
majority of under-triaged patients and because outcomes for the elderly are worse than for
they young, the observed outcomes may be driven by the poor outcomes of the elderly
population.

The current study has several limitations. The first is that this represents a retrospective
study based on administrative data. Because these are administrative data, we were limited
in the amount of clinical data available to us. We were not able to include variables
commonly used to risk adjust in trauma, such as admission blood pressure, pulse, or
Glasgow Coma Score (GCS). These predictors have been recommended as necessary
variables to accurately risk-adjust for mortality after trauma. 21 Another limitation was that
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we relied upon OSHPD-provided patient-specific linkage numbers and were unable to
validate linkages against other patient identifiers.

In conclusion, this is the first study to create a longitudinal database of all ED visits,
hospitalizations, and long-term mortality for every severely-injured patient in California
over a 5-year time period. We have found that patients are often under-triaged, and that there
is variability between regions. Different mechanisms are likely at play. In particular, it is
clear that elderly patients who fall are commonly undertriaged, despite having sufficiently
severe injuries to warrant trauma center care. Improving timely access to trauma center care
must involve a multi-faceted strategy incorporating policymakers, pre-hospital personnel,
non-trauma hospitals, and trauma centers. Since California has varying population densities
and geography, findings from this study have relevance for other regions of the country.
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Figurel.

A & B: Triage patterns by Local Emergency Medical Services Agencies (LEMSA). Figure

1A shows only LEMSAs without trauma centers and Figure 1B shows LEMSAs with

trauma centers.
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Figure 3.
Adjusted odds for 60-day mortality for each LEMA, using LEMSA “LL” as the reference.

Point marks the adjusted odds and bars represent the 95% confidence interval. Arrows mark
the LEMSASs that are significantly different than the reference LEMSA.
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Table 2
Determinantsfor Primary Field Triage

OddsRatio pvalue Low95% CI High 95% CI

Demogr aphics
Age >55 (vs. <55) 0.78 <0.001 0.68 0.90
Female (vs. male) 0.88 0.01 0.79 0.97

Race (vs. white)

Black 1.27 0.07 0.98 1.65
Hispanic 1.05 0.49 0.91 121
Asian 0.82 0.08 0.65 1.03
Other 1.54 <0.001 1.16 2.06
Unknown 5.18 <0.001 371 7.24

Insurance Status (vs. self-pay)

Medicare 0.32 <0.001 0.26 0.39
Medicaid 0.53 <0.001 0.43 0.66
Private/HMO 0.44 <0.001 0.36 0.52
Other 0.47 <0.001 0.37 0.59

Injury Characteristics

Injury Severity

ICISS 0.47 <0.001 0.35 0.62

Mechanism of Injury vs.

Penetrating 0.95 0.73 0.72 1.26
Falls 0.54 <0.001 0.46 0.62
Other 0.63 <0.001 0.53 0.74

Comorbidities

Number Elixhauser comorbidities 0.92 <0.001 0.89 0.95

LEMSA location (vs. urban)

Rural 1.14 0.20 0.94 1.38

HMO=Health Maintenance Organization; ICISS=ICD9 Injury Severity Score; MVC=Motor Vehicle Collision; LEMSA=Local EMS agency
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