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Abstract

BACKGROUND: There are well-known disparities for patients injured in rural setting versus
urban setting. Many cite access to care; however, the mechanisms are not defined. One potential
factor is differences in field triage. Our objective was to evaluate differences in prehospital
undertriage (UT) in rural setting versus urban settings.

METHODS: Adult patients in the Pennsylvania Trauma Outcomes Study (PTQOS) registry 2000
to 2017 were included. Rural/urban setting was defined by county according to the Pennsylvania
Trauma Systems Foundation. Rural/urban classification was performed for patients and centers.
Undertriage was defined as patients meeting physiologic or anatomic triage criteria from the
National Field Triage Guidelines who were not initially transported to a Level | or Level Il
trauma center. Logistic regression determined the association between UT and rural/urban setting,
adjusting for transport distance and prehospital time. Models were expanded to evaluate the effect
of individual triage criteria, trauma center setting, and transport mode on UT.

RESULTS: There were 453,112 patients included (26% rural). Undertriage was higher in rural
patients (8.6% vs. 3.4%, p < 0.01). Rural setting was associated with UT after adjusting for
distance and prehospital time (odds ratio [OR], 3.52; 95% confidence interval [Cl], 1.82-6.78; p
< 0.01). Different triage criteria were associated with UT in rural/urban settings. Rural setting was
associated with UT for patients transferred to an urban center (OR, 3.32; 95% Cl, 1.75-6.25; p<
0.01), but not a rural center (OR, 0.68; 95% ClI, 0.08-5.53; p=0.72). Rural setting was associated
with UT for ground (OR, 5.01; 95% Cl, 2.65-9.46; p < 0.01) but not air transport (OR, 1.18; 95%
Cl, 0.54-2.55; p=0.68).
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CONCLUSION: Undertriage is more common in rural settings. Specific triage criteria are
associated with UT in rural settings. Lack of a rural trauma center requiring transfer to an urban
center is a risk factor for UT of rural patients. Air medical transport mitigated the risk of UT in
rural patients. Provider and system interventions may help reduce UT in rural settings.

LEVEL OF EVIDENCE: Care Management, Level IV

Keywords
Triage; rural; prehospital; disparities; air-medical

Mortality and morbidity have improved in the United States with the advent of trauma
systems.1-3 However, patients in rural areas of the United States do not benefit from trauma
systems in the same way and are known to have higher mortality after injury.4® The
mechanisms underlying this disparity are not clear but are postulated to arise from access

to care barriers. Trauma is a time-sensitive disease, and rapid definitive care is critical in
severely injured patients. Patients injured in a rural setting demonstrate early mortality after
injury; with most deaths occurring within 24 hours and, notably, outside of a trauma center.3

Thus, one potential contributor to these outcome disparities in rural patients is undertriage
in the field. Triage requires prehospital providers to identify patients with the potential

for severe injuries and direct them to the appropriate level of trauma care using limited
information in the field. National Field Triage Guidelines (NFTG) were developed by the
American College of Surgeons Committee on Trauma and the Centers for Disease Control
to assist prehospital providers with this task.19 The NFTG is a stepwise algorithm, including
physiologic, anatomic, mechanism of injury, and special consideration criteria, structured

in descending specificity for severe injury. Patients with physiologic or anatomic criteria
should be brought to the highest level of trauma care within the system.

Further, one study of the NFTG reported that despite a greater sensitivity in the rural setting,
only 12.5% were transported to a trauma center and just 39% received definitive care at a
trauma center, highlighting the significant undertriage challenge for rural patients.!!

Further, others have reported substantial delays in definitive care as a result of the decision
to transport to a nontrauma center despite the appropriate recognition of severe injury by
prehospital providers. The destination decision is based on a number of factors but is largely
impacted by proximity of the scene of injury to a trauma center.3:12-14

It is evident that prehospital providers largely rely on heuristics and personal judgment

for transport destination decisions. Particularly in rural regions, the decision is often

made to transport severely injured patients to nearer nontrauma centers for the intent of
stabilization.11:13 While this may make intuitive sense,1® recent studies suggest this strategy
simply delays definitive management and increases mortality.”14:16 Thus, it remains unclear
if and how undertriage may contribute to worse outcomes for patients in the rural setting.

It was our objective to evaluate differences and risk factors for undertriage among patients
injured in rural versus urban settings. We hypothesized that undertriage would be greater
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among rural patients and lack of trauma system resources in rural areas would increase the
risk of undertriage.

Study Population

We utilized the Pennsylvania Trauma Outcomes Study (PTOS) registry and included
subjects 16 years and older, who sustained blunt or penetrating trauma and were transported
from the scene of injury between 2000 and 2017. Rural versus urban classification was
determined at the county-level in Pennsylvania (Fig. 1). Designation was defined by county-
level population density according to 2010 Pennsylvania Census data. Rural counties were
defined as those with population densities less than the overall population density of the
entire state and urban for county population densities exceeding this threshold (284 persons/
square mile).17 Each patient was then classified as having a rural or urban location of

injury based on the county where injured. For interpretation of the analyses, designation as
rural or urban location of injury indicates the geographic setting, rather than confinement

to a particular county within that given setting. Similarly, trauma centers were classified as
located in rural or urban counties. Patients with missing county data were excluded from
analysis. Demographics, injury characteristics and severity, prehospital and admission vital
signs, International Classification of Diseases—9t" Revision Diagnosis codes, disposition,
procedures, complications, and outcomes were abstracted.

Geospatial Analysis

Trauma centers and helicopter emergency medical services (HEMS) bases in Pennsylvania
were geocoded and mapped. Transport distance for each patient was calculated using the
patient's zip code geometric centroid and receiving trauma center location. The distance
between each patient zip centroid to the receiving trauma center was then calculated based
on the mode of transport to the trauma center.

Patients transported by HEMS had Euclidean distance calculated for straight-line flight.
Patients transported by ground ambulance had driving distance calculated using network
analysis. Network analysis used street maps to connect location points from the zip centroid
to the trauma center, and therefore, shortest traveling distances along the road network were
estimated between these locations.

Coverage areas for HEMS and ground ambulance were devised to represent the geographic
area covered by the respective transport modality within 60 minutes of injury. The 60-minute
HEMS coverage represents the area that a helicopter could leave the base, go to the scene
and subsequently travel to the closest Level | or Level Il trauma center (assuming 120 mph
cruising speed) while accounting for a 21-minute scene time and 4 minute activation time
based on average prehospital times in the PTOS data. The 60-minute ground ambulance
coverage represents the drive time to each trauma center. The coverage area includes a
31-minute transport time accounting for an 11-minute response time and 18-minute scene
time in rural counties, and a 35-minute transport time accounting for a 9-minute response
time and 16-minute scene time in urban counties based on average prehospital times in the
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PTOS data. All geospatial analyses were performed using ArcGIS v10.5 software (ESRI,
Redlands, CA).

Triage Criteria

Positive triage criteria were identified for patients who fulfilled NFTG physiologic or
anatomic criteria based on prehospital data and International Classification of Diseases—
9th Rev.—Clinical Modification diagnosis codes. Physiologic criteria included Glasgow
Coma Scale (GCS) total score of 13 or less, systolic blood pressure less than 90 mm

Hg, respiratory rate less than 10 or greater than 29, or need for ventilator. Anatomic

criteria included penetrating injury, pelvic fracture, unstable chest wall fracture, 2 or greater
proximal long bone fractures, crush injury, open skull fracture, amputation, and paralysis.
Patients were categorized as undertriaged if they met any of the physiologic or anatomic
NFTG criteria and were not transported to a Level | or Level Il trauma center initially.

Statistical Analysis

The primary outcome measure was undertriage. First, we assessed the association of
in-hospital mortality and undertriage adjusted for age, Injury Severity Score (ISS), and
transport distance using logistic regression to establish the importance of undertriage as

a process of care outcome in our study population. Logistic regression was then used

to determine the association between undertriage and patient rural versus urban setting,
adjusted for transport distance and total prehospital time. Next, we evaluated the association
of undertriage with the presence of each of the 11 physiologic and anatomic NFTG criteria,
adjusted for transport distance and total prehospital time, to determine if rural and urban
patients who were undertriaged had different triage criteria profiles.

We then repeated the model to evaluate the association between undertriage and patient
setting while testing the interaction between patient setting and trauma center setting (rural
versus urban), as well as the interaction between patient setting and transport mode (ground
versus air transport). For significant interactions, the model was stratified to determine how
the risk of undertriage was modified in these different settings or by transport mode. All
models used robust variance estimators to account for clustering at the center level.

Continuous and categorical data are reported as median (interquartile range) and frequency
(percentage), respectively. For univariate comparisons, X2 or Mann-Whitney U 'tests were
used as appropriate to the data. Results from the logistic regression models are reported as
adjusted odds ratio (aOR) and 95% confidence intervals (95% CI). Absolute standardized
differences were used to assess the balance of patient demographics and characteristics
between groups. The standardized difference represents the difference between groups
divided by the pooled standard deviation, making it insensitive to large samples sizes,

and an absolute standardized difference greater than 0.1 represents significant nonoverlap
in the distributions of a given variable between the two groups.18 Reported p values were
two-tailed with a value less than 0.05 considered statistically significant. Data analysis was
conducted using STATA 16MP (StataCorps LP, College Station, TX).
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Subgroup Analysis

RESULTS

To further characterize how proximity of trauma system resources may impact undertriage
in rural areas, we separately evaluated patients injured in rural counties in Pennsylvania.
Each individual rural county was categorized as having access to trauma system resources
(presence of a trauma center of any level or HEMS bases in the county) or those without
access to trauma system resources. We evaluated differences in transport distances, total
prehospital time, and undertriage between patients injured in the specific rural counties
with and without access to trauma system resources. We then evaluated the association

of undertriage with access to trauma system resources in rural counties using similar
multivariable logistic regression models described above.

Among the 453,112 patients included, 116,501 (26%) were injured in rural counties and
336,611 (74%) were injured in urban counties. Comparisons of patient demographics and
prehospital characteristics between rural and urban populations are demonstrated in Table
1. Those injured in rural counties experienced longer transport distance and prehospital
time, more frequent HEMS transport, but less penetrating injury. Demographics and injury
severity were similar as indicated by absolute standard differences.

Patients who were undertriaged were transported farther (23.4 miles vs. 10.0 miles; p<
0.01), had longer prehospital time (218 minutes vs. 45 minutes; p < 0.01), and higher
mortality rates (6.4% vs. 5.7%, p < 0.01) when compared with patients who were not
undertriaged. Undertriage was associated with a 17% increase in the odds of adjusted
mortality among all patients (aOR, 1.17; 95% CI, 1.09-1.25; p< 0.01).

Undertriage was higher among rural patients compared with urban patients (8.6% vs. 3.4%;
p<0.01). Patients injured in a rural setting had 3.5-fold higher odds of undertriage after
adjusting for transport distance and prehospital time (OR, 3.52; 95% Cl, 1.82-6.78; p<
0.01).

Evaluation of specific triage criteria confirmed different profiles of risk for undertriage
among rural patients compared with urban patients (Fig. 2). These criteria overall
demonstrated a pattern of higher odds of undertriage among rural patients compared with
urban patients. Crush injury, GCS score 13 or less, and penetrating injury were the top
criteria predicting undertriage among rural patients; while pelvic fracture, paralysis, and
GCS score 13 or less were the top predictors of undertriage among urban patients.

The interaction between patient setting and trauma center setting was significant (v < 0.01).
When stratifying the model (Fig. 3), patients injured in a rural setting had more than
threefold higher odds of undertriage when ultimately treated at a trauma center in an urban
setting (aOR, 3.32; 95% Cl, 1.75-6.25; p < 0.01). However, rural setting of injury was not
associated with undertriage when the patient was ultimately treated at a trauma center in a
rural setting (aOR, 0.68; 95% CI, 0.08-5.53; p=0.72). Notably, this trauma center did not
have to be within the county of injury, rather within any of the surrounding rural regions that
contained a trauma center.
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The interaction between patient setting and transport mode was also significant (p < 0.01).
When stratifying the model (Fig. 3), patients injured in a rural setting had more than fivefold
higher odds of undertriage when transported by ground ambulance (aOR, 5.01; 95% ClI,
2.65-9.46; p< 0.01). Conversely, rural setting of injury was not associated with undertriage
when the patient was transported by HEMS (aOR, 1.18; 95% CI, 0.54-2.55; p=0.68).

Of the 48 rural counties, 26 did not have any trauma system resources located within

them. These counties accounted for only 28.3% of the rural patient population. Patients
injured in rural counties without trauma system resources had longer transport distances,
prehospital time, and more frequent HEMS transport. Patients injured in rural counties
without trauma systems resources also had slightly higher injury severity by absolute
standardized difference, but this is likely not a clinically significant difference (Table 2).
Demographics and injury characteristics were otherwise similar between the groups. Patients
from rural counties with trauma system resources had lower unadjusted undertriage (8.2%
vs. 9.4%, p < 0.01) and mortality (4.9% vs. 5.6%, p < 0.01) than patients from counties
without trauma system resources. However, when adjusting for prehospital time, transport
distance, transport mode, and ISS, the risk of undertriage was no longer associated with
presence or absence of trauma system resources (aOR, 0.85; 95% ClI 0.40-1.80; p= 0.67),
indicating the presence of trauma system resources within the rural county of injury was
not protective for undertriage compared with absence of these resources. As a point of
distinction, rurally injured patients that had access to trauma system resources within a rural
region (not limited to the specific rural county of injury) saw a mitigated risk of undertriage
when compared with urban patients. However, as demonstrated in this subgroup analysis,
these resources do not need to be located within every rural county as the differences
between rural only patients showed no significance after adjustment for the presence of
trauma system resources within the specific county of injury.

DISCUSSION

We found that undertriage is higher in the rural setting which in turn is associated with
increased mortality. The injury pattern in undertriaged rural patients is distinct from those in
urban settings. Additionally, availability of a trauma center in a rural region and air medical
transport mitigated this risk of undertriage. Subgroup analysis demonstrated that these
resources do not have to be directly located within the rural county of injury to mitigate

the risk of undertriage. Rather, the availability of trauma resources within the greater rural
region afforded this protection. Patients injured in a rural setting who must leave the rural
region to reach the nearest trauma center located within an urban center are at highest risk
of undertriage. Our findings suggest that access to trauma care does play a role in outcome
disparities for rural settings. Undertriage appears to be a contributing factor when there are
barriers to access whether through trauma center proximity or availability of air transport.

Trauma system implementation has clearly reduced mortality in urban centersl-3; however,
our results corroborate prior evidence that this mortality benefit has not yet translated to the
rural setting.49:19.20 Only a fraction of the US population resides in rural counties, yet there
is a disproportionately high mortality rate.> The mechanism of this disparity among rurally
injured patients has not been well delineated. Previous authors postulate factors, such as
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unwitnessed injuries resulting in delayed EMS dispatch (delayed discovery), greater injury
severity owing to higher velocity vehicle collisions and heavy machinery injuries, increased
prehospital time, and decreased geographic access to trauma system resources play a role.>9

Our and other results would suggest that field undertriage contributes to the increased
mortality in rural settings,” with a nearly 20% increase in mortality among undertriaged
patients. Undertriage rates up to 70% in rural regions® have been reported. The danger
of undertriage in rural settings is further underscored by several groups reporting more
emergency department deaths in nontrauma centers compared with trauma centers.516.19
Additionally, several reports demonstrate higher transfusion requirements and mortality
among severely injured patients not directly transported to a trauma center,114.16.21

There are two possible scenarios that may underlie our findings contributing to high
undertriage in the rural setting. First, the patients are not recognized by providers as
requiring trauma center care in the field. This may be due to underappreciation of the
anatomic injury criteria or transient abnormal vital signs that meet criteria but normalize on
repeat measurement. Despite evidence that even a single episode of field hypotension is a
marker of severe injury,22:23 providers may believe transient abnormal physiology does not
warrant the investment of time to transport the patient with seemingly normal vital signs

to a distant trauma center. Rural EMS is often staffed with volunteer providers who are

less experienced and may simply not recognize injuries that indicate a patient should be
transported to a trauma center.

Second, and perhaps more common, EMS providers appropriately recognize severe injury
that warrant trauma center care but transport the patient to the closest hospital under the
guise of stabilization. Rurally injured patients who had access to a trauma center within a
rural setting were not subject to increased undertriage. This observation appears consistent
with EMS preference for minimizing transport distance, irrespective of trauma center needs
or hospital designation.13 Further, in our analysis of individual triage criteria most associated
with undertriage, criteria for rural patients were ostensibly the more overt severe injuries
including crush injuries, multiple long bone fractures, and penetrating injuries. It appears, in
some circumstances when faced with these obvious severe injury patterns, EMS providers
weigh hospital proximity above trauma center need.

A qualitative study of EMS providers by Jones et al.13 provides additional insight into the
field triage process. The EMS providers often deviate from triage guidelines and choose
hospital destination based on dispatch information prior to scene arrival, on their initial
scene assessment with priority given to mechanism and obvious anatomic injuries as well as
their overall gestalt. In fact, the first vital signs are often obtained after the triage decision

is made, and the patient is en route to the hospital. Particularly among rural providers,

the self-reported priority was to deliver the patient to the nearest hospital. They cited
concerns for lengthier transport times acknowledging that subsequent transfer to a trauma
center would likely be required, with little concern expressed for the time to definitive

care. Newgard et al.11 conducted a validation study of the NFTG, reporting that rural EMS
providers demonstrate comparable sensitivity to detect trauma center need. Subsequent work
by their group demonstrated that despite appropriate recognition of severe injury, only 29%
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of these patients were initially transported to a trauma center and that provider judgment and
specifically proximity to hospital was the most common reason for transport to a nontrauma
center.

Rural providers, again with exposure to a limited volume of severely injured patients,

may be uncomfortable with the prospect of a prolonged transport of these patients to a
trauma center.24 They may also believe that there is a benefit of physician evaluation and
stabilization at a nontrauma center prior to transfer to higher-level care despite the fact this
has not been corroborated in the literature.14.16

Our findings have implications for trauma systems to improve outcomes. Undertriage is

a potential actionable target in rural regions to reduce mortality. Prehospital provider
education focused on improved triage criteria guideline adherence while emphasizing
potential detriments of initial transport to a nontrauma center is one strategy to mitigate
undertriage. Certainly, there are scenarios in which transport to a nontrauma center

is unavoidable, such as adverse weather precluding air transport, but for a significant
proportion, this “pitstop” should be avoided. There also are super-rural or frontier regions of
the country where the distance for ground transport to a trauma center is prohibitively far.
For these situations, it is critical that the role of the nontrauma center is well defined. These
centers must quickly stabilize the patient and prioritize transfer to the trauma center while
limiting tests that will not change management at the nontrauma center.”+2°

Further, we identified air transport as a mitigating factor for rural undertriage. Helicopter
emergency medical services overcome the geographic barrier of trauma access for rural
EMS providers owing to speed and straight-line flight path to the nearest trauma center.
Branas et al.28 showed that approximately a quarter of the US population has access

to a Level I or Level Il trauma center within 60 minutes only by HEMS, representing
nearly 82 million people. Given the population that relies on air transport for timely

access to definitive trauma care, strategic geographic placement of new bases or relocation
of existing ones represents the most feasible modification to trauma systems compared
with trauma center placement.2” Geospatial analysis of trauma system resources can help
systems optimize the distribution of HEMS bases and predict potential outcomes of resource
allocation changes.28 Our results also indicate that the presence of trauma centers or HEMS
bases directly within every rural county was not necessary to mitigate undertriage. Rather
than necessarily adding new trauma centers or HEMS bases in counties without them, a
robust assessment of HEMS base service areas with optimization of rural coverage is the
goal.

This study has several important limitations to acknowledge. This is a retrospective study,
and we were unable to evaluate the rationale of prehospital providers for triage decision
making. Additionally, the triage criteria used may elicit some artifactual interpretation as
they are established retrospectively based on International Classification of Diseases—09th
Rev.—Clinical Modification coding of hospital diagnoses, and not necessarily diagnosed

in the field by EMS. As a result, individual ORs may be difficult to interpret for these
criteria; however, we believe that the value lies in the distinct injury patterns of undertriaged
patients in urban and rural settings. There is a wide variation in the definition of urban and
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rural among studies evaluating this issue, making comparison difficult. We chose to use the
definitions utilized by the Pennsylvania Trauma Systems Foundation which accredits trauma
centers in the state and administers the Pennsylvania Trauma Outcomes Study.

CONCLUSION

This study confirms the ongoing outcome disparities among patients injured in rural settings.
Undertriage is more common in rural settings and associated with increased mortality,
offering insight into a possible mechanism for these disparities. Lack of a rural region
trauma center requiring transfer to an urban trauma center is a risk factor for undertriage

of rural patients. Air transport mitigated the risk of undertriage in rural patients. Poor
trauma center access resulting in undertriage plays a role in rural disparities. Educational
interventions and optimizing system resource organization may reduce undertriage and help
close the gap between rural and urban communities in the United States.
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Figure 1.
Urban and rural counties with trauma center and helicopter base locations in Pennsylvania.

Urban counties are shaded purple while rural counties are shaded green. Sixty-minute
coverage areas are overlaid.
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Figure2.

Adjusted Odds Ratio of Undertriage

aOR and 95% Cls of undertriage for each of the physiologic and anatomic triage criteria in
the National Field Triage Guidelines. Solid black diamonds represent effect in rural setting;
hollow diamonds represent effect in urban setting. Error bars represent 95% ClI. 95% CI
crossing OR of 1.0 (vertical dotted line) are nonsignificant.
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Figure 3.
aOR and 95% CI of undertriage among patients injured in a rural setting for stratified

models of urban versus rural trauma center and transport mode. Solid black diamonds
represent point estimate of the OR. Error bars represent 95% CI. 95% CI crossing OR of 1.0
(vertical dotted line) are nonsignificant.
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