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Abstract

Background—The American College of Surgeons Committee on Trauma sets national targets
for the accuracy of field trauma triage at = 95% sensitivity and = 65% specificity, yet the cost-
effectiveness of realizing these goals is unknown. We evaluated the cost-effectiveness of current
field trauma triage practices compared to triage strategies consistent with the national targets.

Study Design—This was a cost-effectiveness analysis using data from 79,937 injured adults
transported by 48 emergency medical services (EMS) agencies to 105 trauma and non-trauma
hospitals in 6 regions of the Western U.S. from 2006 through 2008. Incremental differences in
survival, quality adjusted life years (QALYSs), costs, and the incremental cost-effectiveness ratio
(ICER; costs per QALY gained) were estimated for each triage strategy over a 1-year and lifetime
horizon using a decision analytic Markov model. We considered an ICER threshold of less than
$100,000 to be cost-effective.

Results—For these 6 regions, a high sensitivity triage strategy consistent with national trauma
policy (sensitivity 98.6%, specificity 17.1%) would cost $1,317,333 per QALY gained, while
current triage practices (sensitivity 87.2%, specificity 64.0%) cost $88,000 per QALY gained
compared to a moderate sensitivity strategy (sensitivity 71.2%, specificity 66.5%). Refining EMS
transport patterns by triage status improved cost-effectiveness. At the trauma system level, a high-
sensitivity triage strategy would save 3.7 additional lives per year at a 1-year cost of $8.78 million,
while a moderate sensitivity approach would cost 5.2 additional lives and save $781,616 each year.

Conclusions—A high-sensitivity approach to field triage consistent with national trauma policy
is not cost effective. The most cost effective approach to field triage appears closely tied to triage
specificity and adherence to triage-based EMS transport practices.

INTRODUCTION

Among the 28 million emergency medical services (EMS) responses in the U.S. each year,
the most common clinical condition is traumatic injury.! The decision to transport an injured
patient to a major trauma center is guided by national field triage guidelines that were
initially developed in 1976 by the American College of Surgeons Committee on Trauma
(ACS-COT) and have been periodically updated, most recently in 2011.23 The triage
guidelines are one of the few clinical aspects of out-of-hospital care supported by a national
protocol (jointly sponsored and revised by the Centers for Disease Control and Prevention
and ACS-COT), have been widely implemented into EMS and trauma systems throughout
the U.S., and are integral to concentrating seriously injured patients in major trauma centers
through the 9-1-1 emergency response system.

Important quality metrics for the triage guidelines include under- and over-triage rates, with
national benchmarks set by ACS-COT. Under-triage (1 — sensitivity) is the proportion of
seriously injured patients transported to non-trauma hospitals, a measure of reduced access
to care and potentially worse outcomes*® (national target < 5%°). Conversely, over-triage (1
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— specificity) represents the proportion of patients without serious injuries transported to
major trauma hospitals, a measure of resource waste and excess cost (national target <
35%°). Research suggests that under-triage is as high as 34%’-11 and approximately 50%
among older adults.”-10-12 Revisions to the national guidelines have sought to reduce under-
triage without increasing over-triage,? although under- and over-triage are inversely
related.13 Achieving the ACS-COT benchmark of 5% under-triage would likely result in
major increases in over-triage3 and increased costs.1* Evaluating the balance between
health outcomes and costs among injured patients is important in optimizing the “value” of
trauma systems in a resource- and cost-constrained environment. Because the survival
benefit of major trauma centers appears limited to patients with serious injuries,15-19
transporting low-risk patients to high-resource trauma centers increases costs without clear
benefit.14 While previous research has demonstrated some of the cost implications related to
field triage practices,14:20 particularly related to differences in the cost of care between
different types of hospitals,14:21-23 there have been no formal cost effectiveness analyses of
field triage.

We sought to evaluate the cost effectiveness of current U.S. field trauma triage practices
compared with two alternative triage strategies meeting the national policy benchmarks: (1)
a high sensitivity field triage strategy consistent with the = 95% sensitivity target; and (2) a
moderate sensitivity approach to field triage that meets the goal for > 65% specificity. We
also examined the cost implications of EMS transport patterns related to the guidelines,
interhospital transfers and outcome differences between Levels | versus Il trauma centers.

METHODS
Study Design and Setting

We developed a decision-analytic Markov model to compare the costs and outcomes of
current field trauma triage practices in these 6 regions with two alternative approaches to
field triage meeting national policy benchmarks for sensitivity and specificity (TreeAge
Software, Inc., Williamstown, MA). The analytical timeframe lasted from the time of 9-1-1
call until death (life time horizon). The analysis was conducted from the health system
payer’s perspective with inclusion of all medical service-related costs, but exclusion of
indirect societal costs (e.g., transportation cost, productivity loss, etc.). We used previously
collected data from a multi-region retrospective cohort of 79,937 injured patients > 18 years
to determine baseline patient characteristics, diagnostic test values of current triage practices
in the regions (based on the national field triage guidelines), EMS transport patterns for
triage-positive and negative patients, two alternative approaches to field triage (high
sensitivity and moderate sensitivity), in-hospital outcomes and acute care costs. Patients
included in the cohort were transported by 48 EMS agencies to 105 hospitals (12 Level I, 5
Level 11, 3 Level 111, 4 Level IV, 1 Level V and 80 community and private hospitals) in 6
urban/suburban regions from January 1, 2006 through December 31, 2008. The regions
included: Portland, OR/Vancouver, WA (4 counties); King County, WA, Sacramento, CA (2
counties); San Francisco, CA; Santa Clara, CA (2 counties); and Denver County, CO. The
data collection processes and methods used to construct this cohort have been previously
described.2 Interhospital transfers were excluded, unless the patient was originally
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transported by EMS within the defined geographic study regions to a non-trauma hospital
and subsequently transferred to a Level I or 11 hospital. This inclusion strategy allowed us to
track all injured patients originating in the study regions and transported by EMS, regardless
of subsequent transfer between hospitals.

The primary cost measure was life-long health care cost, starting with the initial EMS
transport. The primary health outcome measure was total lifetime quality-adjusted life years
(QALYSs), with 1-year mortality serving as a secondary health outcome. We measured the
cost-effectiveness of each triage strategy using the incremental cost-effectiveness ratio
(ICER), defined as the additional cost per QALY gained from the more effective (in terms of
higher QALYSs) triage strategy. We applied an annual 3% discount rate to both QALY and
costs.2® Institutional Review Boards at all 6 sites approved this protocol and waived the
requirement for informed consent. All input parameters discussed in the following sections
are listed in Table 1.

Defining Current and Alternative Field Triage Strategies

To define the accuracy of currentfield triage practices (i.e., actual triage practices by EMS
personnel in the 6 regions, based on the national field triage guidelines?-%), we estimated
field triage status (positive or negative) using data from the cohort of injured adults
transported by EMS. We defined field triage status based on actual application of the
national field triage guidelines by EMS providers. At the time of data collection,
participating EMS agencies were using the 2006 national triage guidelines,2 with some
local retention of field triage criteria included in previous national guidelines.2” To minimize
misclassification bias, we determined triage status by triangulating multiple data sources
(eMethods in the Appendix).1428 All other patients were considered triage negative. We
defined major trauma centers as all Level I and Il trauma hospitals, based on ACS-COT
accreditation and state-level designation. EMS transport “adherence” was based on actual
ambulance transport patterns within each triage category (positive versus negative), with
perfect adherence representing transport of all triage-positive patients to major trauma
centers and all triage-negative patients to non-trauma centers.

To develop the two alternative triage algorithms, we used the same cohort of injured patients
and classification and regression tree analysis?? (v. 8.2, Salford Systems, San Diego, CA) to
generate: (1) a decision tree meeting the national benchmark for sensitivity (= 95%; under-
triage < 5%); and (2) a decision tree meeting the national benchmark for specificity (= 65%;
over-triage < 35%) (eMethods, eFigurel and eFigure 2 in the Appendix).

Model overview and natural history of trauma triage

Our model began with the 9-1-1 call and extended through index hospitalization, including
transfers between hospitals. A Markov model was then used to project health outcomes and
costs of patients who survived hospitalization to one-year post-injury and until death (Figure
1). Model inputs included: serious injury, measured using the Injury Severity Score (1SS =
16 vs. ISS < 16); EMS transport patterns within triage positive vs. negative groups;
interhospital transfer status; costs; and in-hospital mortality (derived from our cohort and
existing literature, see Table 1). Model outputs were driven by relative differences in triage
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probabilities based on the diagnostic test characteristics of current and alternative field triage
strategies, as derived from our cohort. We assumed that EMS transport patterns based on
triage status would remain the same using each field triage strategy.

Health Outcomes

Differences in health outcomes between the three triage strategies were driven by 1-year
survival benefits for patients with serious injuries (ISS = 16) treated at major trauma centers
using established estimates from the literature to estimate the survival benefit.1> We assumed
that seriously injured patients treated at Level | and Il hospitals had equivalent survival
benefits. While some studies suggest that outcomes between Level | and Il hospitals are not
identical 303 this is not definitively established and certain regions have Level Il centers
that function similar to Level | centers, particularly when there is no Level | hospital in
reasonable proximity.32 We explored this assumption in sensitivity analyses (described
below). For patients with ISS < 16, we assumed there was no survival benefit for care at
major trauma centers.33 In our base case analysis, we assumed that patients transported
directly to major trauma centers had equivalent survival benefits to those transferred to the
center from within the same geographic region.1> However, because some research has
suggested that seriously injured patients transferred to major trauma centers may have
reduced survival compared to direct transports,> we also conducted sensitivity analyses to
test this assumption.

To account for differences in quality of life following discharge, we used published utility
weights for trauma survivors at one year, stratified by severity of injury.21:34 As applied in
previous trauma cost-effectiveness research, we used a Markov model to project incremental
differences in lifetime survival beyond 1-year post-injury.3® We used 2008 U.S. life tables to
calculate remaining life expectancy,3® with adjustment of mortality rates to account for
decreased survival after major trauma, according to a 10-year longitudinal study of trauma
victims.37 Quality-adjusted life-years were calculated using the mean observed values of the
Short Form-6 Dimension (SF-6D) scale at 1 year post-injury (0.70)2! with decreasing
utilities over a lifetime, proportional to differences in SF-6D scores by age reported for the
general U.S. population.38

Health Care Costs

We calculated total acute care costs for the decision model using mean, adjusted, composite
(macro), patient-level acute care costs from the cohort, according to injury severity and
hospital type.14 Acute care costs were based on four sources of expenditures: (1) initial EMS
transport; (2) ED care; (3) in-hospital care; and (4) initial ED evaluation and transfer for
patients subsequently transferred between hospitals. Similar to previous research, we
calculated the per-unit costs of EMS scene transport, interhospital transfer and ED costs for
non-admitted patients from a separate sample of injured Medicare fee-for-service patients.14
For admitted patients, we obtained composite, patient-level facility charges through linkage
to state discharge databases and trauma registries. We converted charges to costs using
hospital- and year-specific cost-to-charge ratios.3%40 We estimated professional fees using a
conversion factor (1.27) previously calculated for injured patients using the MarketScan
database.?! All costs were adjusted to 2008 U.S. dollars using a region-specific medical
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consumer price index.*! We adjusted total acute care costs for known confounders using a
multivariable generalized linear model with a gamma distribution and log link function.14
These adjusted cost estimates were used as parameters to populate the model (Figure 1 and
Table 1). We projected costs from hospital discharge to 1-year post-injury according to
injury severity and hospital type using published estimates from the literature.21:35 The
Markov model was also used to project lifetime health care costs beyond 1 year according to
Centers for Medicare & Medicaid Services age-specific estimates of annual health care
expenditures,3842 adjusted to account for the increased health expenditures of major trauma
victims compared with the general U.S. population.*2

As a guide for interpreting the analyses, we considered $100,000 per QALY to be the
threshold for cost-effectiveness.*3 While ICER thresholds of $50,000 to $100,000 per QALY
have been used in the U.S. for decades (presumably based on the $50,000 per QALY
estimate for dialysis among patients with chronic renal failure4344), the ICER threshold
simply serves as a guide, rather than a determinant for making healthcare spending
decisions.*4

Sensitivity Analysis
We assessed the robustness of the primary results using four types of sensitivity analyses:
alternative scenario analysis, one-way sensitivity analysis, probabilistic sensitivity analysis
and input threshold analysis. For alternative scenario analysis, we examined the change in
cost, QALYs, and mortality rates for six scenarios concerning three key model assumptions
with policy implications: (1) varying EMS transport patterns within each triage strategy; (2)
mortality and cost assumptions related to inter-hospital transfer; and (3) survival differences
between Level | versus Il trauma centers.39:3145 For the one-way sensitivity analyses, we
further explored how cost and mortality vary within each triage strategy in response to
changes in EMS transport patterns (Figure 2). For the probabilistic sensitivity analyses, we
performed 3,000 second-order Monte Carlo simulation trials that selected values of all input
parameters from the ranges according to distributions representing the uncertainty in their
estimation. We assigned a specific distribution type and calculated distribution parameters to
each input parameter to depict its uncertainty (as listed in eTable 1). The probabilistic
sensitivity analyses allowed us to assess the joint uncertainty across all parameters in the
model on estimated outcomes, presented as cost-effectiveness acceptability curves at a given
threshold of willingness-to-pay. Lastly, for the input threshold analysis, we varied each input
parameter by up to +/- 20% of its baseline value, while holding all other parameters
constant, in order to examine the impact of change in value of a specific parameter on ICER
and choice of the most cost-effective triage strategy.

RESULTS

Among the cohort of 79,937 injured patients, 5,138 (6.4%) had serious injuries (1SS = 16)
and 1,573 (2.0%) died. Among the 5,138 seriously injured patients, 4,481 patients were
identified as triage-positive by current triage practices (87.2% sensitivity, 12.8% under-
triage). There were 47,899 of 74,799 patients with ISS < 16 identified as triage-negative
(64.0% specificity, 36.0% over-triage). For EMS transport practices, 25,590 of 31,381
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triage-positive patients (81.6%) were transported to Level | or Il trauma centers. Of the
48,556 triage-negative patients, 16,892 (34.8%) were transported to Level | or Il trauma
centers. The derived, hypothetical, high sensitivity triage algorithm demonstrated 98.6%
sensitivity and 17.1% specificity. The derived, hypothetical moderate sensitivity triage
algorithm had 71.2% sensitivity and 66.5% specificity. All parameters used to construct the
cost model are detailed in Table 1.

Base Case Result

The main results are shown in the base case analysis in Table 2. Using the high sensitivity
triage strategy, costs increased and expected 1-year mortality decreased due to a shift of
patients to more effective and higher cost trauma centers; the high sensitivity triage strategy
would cost $1,317,333 per QALY gained compared to the moderate sensitivity approach.
Compared to the moderate sensitivity triage strategy, current triage practices cost $88,000
per QALY gained. Adopting a triage strategy favoring a reduction in over-triage (moderate
sensitivity) would be cost-saving relative to current triage practices, but would yield higher
1-year mortality rates. Based on a willingness to pay threshold of $100,000 per QALY
gained, current field triage was the preferred field triage strategy. However, at lower ICER
thresholds (e.g., $50,000 per QALY gained), the moderate sensitivity approach was favored.
A high-sensitivity strategy for field triage was not cost-effective.

Sensitivity Analyses

We evaluated several scenario analyses to investigate the influence of potentially modifiable
aspects of trauma systems on cost-effectiveness (Table 2). For EMS transport patterns
(Scenarios 1, 2 and 3), transporting all triage-negative patients to non-trauma hospitals
yielded the most cost-effective approach (ICER $74,000, Scenario 2). However, perfect
EMS adherence for both triage groups generated the greatest mortality reduction at 1-year,
with an ICER of $79,000 (Scenario 3). We explored the influence of varying EMS transport
patterns on mortality and costs for each field triage strategy in one-way sensitivity analyses
(eFigures 3A and 3B). Greater transport of triage-negative patients to non-trauma hospitals
(i.e., a lower proportion of triage-negative patients transported to Level | or Il trauma
centers) would cost less with less mortality reduction. Greater transport of triage-positive
patients directly to Level I or Il trauma centers would cost more, but yield greater mortality
reduction.

The influence of survival assumptions and cost implications of inter-hospital transfers are
demonstrated in Scenarios 4 and 5. Loss of survival benefit for inter-hospital transfer
patients coming from non-trauma centers increased expected 1-year mortality, however
transfers did not have major impact on the cost-effectiveness of field triage (likely because
the number of transfers from within the designated geographic regions was relatively small).
When the survival benefit of Level 11 hospitals was reduced compared to Level | hospitals,
mortality increased and the cost-effectiveness of field triage worsened (Scenario 6).

Results from the probabilistic sensitivity analysis are demonstrated in Figure 2. Ata
willingness-to-pay threshold of zero to $80,000 per QALY, the moderate sensitivity triage
strategy was favored as being cost-effective (>99% of the 3,000 simulation trials). However,
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current triage practices became the cost-effective choice after the willingness-to-pay
threshold rose above $90,000 per QALY gained. The high sensitivity strategy was not cost-
effective until willingness to pay exceeded $1,000,000 per QALY gained.

Lastly, the input threshold analysis (eFigure 4 in the Appendix) demonstrated current field
triage practices for the 6 regions to be the most cost-effective strategy at a willingness-to-pay
threshold of $100,000 per QALY gain across variations in parameter input values. However,
there were some important exceptions. For example, if the sensitivity of current triage
practices decreased from the baseline of 87.2% to 83.7% without improvement in specificity,
the moderate sensitivity triage strategy became the most cost-effective choice.

1-year Impact at the Trauma System Level

In Figure 3, we illustrate the potential impact of the three field triage strategies using costs
and additional lives saved at 1-year (these figures do not include survival or costs beyond 1-
year, nor do they include a quality of life measurement). Calculated at the trauma system
level, the high sensitivity triage strategy would cost an additional $8.78 million to save an
additional 3.7 lives per year, compared to current triage practices. The moderate sensitivity
triage strategy would result in an additional 5.2 lives lost with 1-year savings of $781,616.

DISCUSSION

This study represents the first cost effectiveness analysis of field trauma triage. We
demonstrate that efforts to revise the national triage guidelines to meet the national
benchmark for sensitivity (under-triage < 5%) are likely to be expensive and not cost-
effective, mainly due to the large requisite decrease in specificity (increased over-triage). We
also show that while a moderate sensitivity (and higher specificity) approach may be cost
saving, it would lead to higher trauma mortality with only marginal impact on healthcare
spending. While current triage practices in these regions appeared to be the most cost
effective strategy at a willingness to pay threshold of $100,000/QALY, they were not cost
effective at lower thresholds. The optimal triage strategy for cost effectiveness appears
closely tied to specificity and over-triage. Refining EMS transport patterns based on triage
status (i.e., transporting all triage-positive patients to Level I/1l trauma centers and all triage-
negative patients to non-trauma centers) offers an opportunity to further improve the cost-
effectiveness of field triage, as does maximizing the survival benefit of Level I trauma
centers. These findings suggest an opportunity to align national trauma policy and local
EMS implementation of field triage protocols with cost and outcome information to further
improve the value of trauma systems. The results also illustrate the importance of specificity
in field triage — reductions in under-triage are only likely to be cost-effective if over-triage is
constrained.

Minimizing the under-triage of seriously injured patients to non-trauma hospitals has been a
laudable goal of trauma systems for decades. However, this focus has not always been
balanced with a clear understanding of the cost implications. Meeting the national goal for
under-triage through revised field triage practices would require large shifts in the volume of
patients sent to major trauma centers.13 Our results demonstrate that using solely field triage
practices to resolve discrepancies in under-triage would not be cost effective. While
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selecting a single value to determine what is or is not cost-effective is difficult,4344 the

ICER for the high-sensitivity triage strategy was well above all thresholds previously used or
suggested for determining cost-effectiveness. To further improve the cost effectiveness of
field triage, efforts to increase sensitivity require approaches that do not sacrifice specificity.
Such approaches might include scalable, out-of-hospital diagnostic methods to better
identify seriously injured patients (e.g., additional physiologic markers and monitoring,
point-of-care biomarkers and other field-based rapid diagnostic tests). Finally, determining
the degree to which over-triage can be allowed to increase (in exchange for reduced under-
triage) and still remain cost-effective would be especially helpful. While over-triage does not
harm trauma centers (and may be beneficial in generating revenue for these hospitals), over-
triage increases healthcare costs without measureable benefit.

Our results also provide important insight into the modifiable aspects of field triage that may
help improve the efficiency and value of trauma systems. Trauma triage is a multi-step,
sequential process that involves: (1) field identification of high-risk patients; (2) selection of
an appropriate destination hospital; and (3) use of inter-hospital transfer to further
concentrate high-risk patients in major trauma centers (including patients missed by #1 and
#2). We show that focusing entirely on the field triage guidelines to concentrate seriously
injured patients in major trauma centers ignores other important aspects of the triage
process. Selection of a receiving hospital, optimizing inter-hospital transfer processes and
assuring equivalent outcome benefits at Level | and 11 trauma centers all play roles in
maximizing the cost-effectiveness of field triage.

There are multiple policy implications for EMS and trauma systems from our findings. First,
it may be prudent to consider cost implications related to the national benchmarks to
integrate the concept of “value” to the optimization of trauma systems. Next, encouraging
guideline-driven EMS transport protocols based on field triage status may further reduce
mortality and improve the cost-effectiveness of field triage. Also, with research suggesting
that the outcome benefit of Level 11 hospitals decreases when in close proximity to Level |
centers32 and that trauma center volume is associated with outcomes,*6:47 communities
should closely review the number and proximity of high-resource trauma hospitals relative
to population needs. Our results also imply that having multiple levels of hospital care
within a system is important in maximizing value in the system.

We used a retrospective cohort to generate the primary inputs for this project, which may be
subject to unmeasured confounding and bias. Because some research has demonstrated
higher estimates for under-triage than used for this study, 1011 unbiased prospectively-
derived values for under- and over-triage would further inform the cost models and may shift
the cost-effectiveness results. We also assumed that EMS transport patterns based on triage
status would remain the same under different triage strategies, though it is possible that these
patterns would shift based on the perceived accuracy (or lack thereof) of “new” triage
guidelines. In addition, our sample did not include distance and proximity information
related to major trauma centers (e.g., a triage-negative patient being closer to a major trauma
center than to other hospitals), which can also affect hospital selection by EMS. Strategies to
increase the diagnostic yield of field triage (i.e., point-of-care biomarker assays, more
accurate physiological measures) that increase sensitivity without a concurrent drop in
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specificity may also shift the cost-effectiveness of a high-sensitivity triage strategy. Finally,
the sites included in the study represent urban and suburban regions in the Western U.S. Our
findings may not generalize to other regions of the U.S. or rural/frontier areas without
proximity to a major trauma center.

We used a primary health outcome of mortality, which is a relatively crude measure that has
been criticized in previous cost-effectiveness analyses in trauma.*8 While mortality is a well-
known and commonly-utilized metric in trauma systems, there may be other potential
benefits of trauma center care (e.g., functional outcomes, fewer missed diagnoses and less
complications) that have not been well-characterized and therefore were not represented in
this analysis. We also assumed that the primary benefit of trauma centers is limited to
patients with serious injuries. While this assumption is well-supported by previous
literature,1516:33 jt is possible that the benefits of trauma centers may extend to less
seriously injured patients.

Finally, due to the complexity of the decision model and uncertainty about the benefit of
trauma centers among older adults,1549 we did not integrate age into the decision analysis. If
the survival benefit of major trauma centers is less among older adults® or if major trauma
care improves outcomes of certain older adults without regard to injury severity,0 then the
cost-effectiveness of field triage could further shift.

In summary, a field triage strategy meeting the national benchmark for sensitivity was not
cost-effective. Current triage practices in the 6 regions were the most cost-effective strategy
at an ICER threshold of $100,000/QALY gained, but were not cost effective at lower
thresholds. The cost-effectiveness of field triage appears closely tied to specificity and over-
triage. Guideline-driven EMS transport patterns following triage assessment would further
reduce mortality and costs, thereby enhancing the cost effectiveness of field triage, as would
attention to the distribution and role of different hospitals in trauma systems.
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Injury Treatment Subtree

Injury Treatment Subtree

Markov sub-model

Injury Treatment Subtree

Model schematic of current field triage processes versus two alternative triage strategies.
Field triage processes do not involve knowledge about injury severity prior to hospital
arrival. The decision tree branch integrating injury severity is included to provide the true

prevalance of serious injury in the population, providing the ability to test different

prevalance values. However, input parameters were adjusted to evaluate field triage as it is
actually practiced, with injury severity unknown by emergency medical service providers at

the time of triage.
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Figure 2.

Cost-effectiveness acceptability curves for 3 different field trauma triage strategies among
injured adults transported by emergency medical services. The curve shows the probability
that a triage strategy is cost-effective across a range of maximum willingness to pay per
quality-adjusted life year gained values. The probability is derived from 3,000 rounds of
simulation that randomly sampled parameter values from the distributions assigned. The
high-sensitivity triage strategy is portrayed at the bottom of the figure along the 0% axis and
therefore is not visible. The probability cost effective does not increase from zero for the
high sensitivity triage until willingness to pay per quality-adjusted life years is greater than
$1,000,000.
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The estimated annual impact of 3 approaches to field trauma triage at the trauma system
level, estimated at 1-year post-injury. The standard deviation of each estimate is derived
from 3,000 rounds of simulation with input parameters sampled from the designated
distribution. To generate estimates at the trauma system level, we averaged the total number
of injured patients transported by emergency medical services, deaths and costs across the 6
regional trauma systems included in the cohort. We used decision analytic modeling to

generate estimates and 95% confidence intervals.
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Triage Cost Effectiveness Input Parameters: Probabilities, Utilities and Cost Items

Table 1

Description Value (95% CI) Source
Probability, %
Severely injured (1SS=16) 6.43 (6.26-6.60) Cohort data
Algorithm sensitivity (100%,% under triage)
Current triage 87.2 (86.3-88.1) Cohort data
High specificity 71.2 (70.0-72.5) Cohort data
High sensitivity 98.6 (98.3-98.9) Cohort data
Algorithm specificity (100%, % over triage)
Current triage 64.0 (63.7-64.4) Cohort data
High specificity 66.5 (66.2-66.9) Cohort data
High sensitivity 17.1 (16.9-17.4) Cohort data
Triage adherence (site transported to)
If 1ISS>16, triage positive
Level lor 1 TC 89.3(88.4-90.2) Cohort data
Non TC 10.7 (9.8-11.6) Cohort data
If 1ISS=16, triage negative
Level lor 11 TC 48.4 (44.6-52.2) Cohort data
Non TC 51.6 (47.8-55.4) Cohort data
If ISS<16, triage positive
Level lor 1 TC 80.2 (79.8-80.7) Cohort data
Non TC 19.8 (19.3-20.2) Cohort data
If ISS<16, triage negative
Level lor 11 TC 34.6 (34.2-35.0) Cohort data
Non TC 65.2 (65.0-65.8) Cohort data
Level 1 among transported to TC
If 1SS=16, triage positive 91.7 (90.8-92.5) Cohort data
If ISS=>16, triage negative 91.8 (88.3-94.4) Cohort data
If 1SS<16, triage positive 81.8 (81.3-82.3) Cohort data
If ISS<16, triage negative 69.2 (68.5-69.9) Cohort data
Transfer from non TC to TC
If 1SS=16
If triage positive 26.5 (22.8-30.6) Cohort data
If triage negative 32.5(27.7-37.6) Cohort data
If 1SS<16
If triage positive 7.4 (6.7-8.1) Cohort data
If triage negative 4.3 (4.1-4.6) Cohort data

In-hospital mortality

if 1ISS216
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Description

Value (95% CI)

Source

Treated in level | TC

10.0 (9.2-10.9)

Cohort data

RR if treated in level 11 TC15 ™

1.00

Reference 15

RR if treated in non-TC®

1.25 (1.00-1.58)

Reference 14

If 1SS<16 1.2 (1.2-1.3) Cohort data
1-y Mortality after initial discharge
I1f 1SS=16
Treated in TC 1° 3.0(2.5-3.5) Reference 1

RR if treated in non-TC157

1.64 (1.08-2.49)

Reference 15 (calculated /)

1f 1SS<16 51

1.7 (1.6-1.8)

Reference 51

Baseline lifetime mortality after 1-y 36

age-specific

Reference 36

Hazard ratios for lifetime mortality 37

If 1ISS216

5.19 (3.94-6.52)

Reference 37

If 1ISS<16

1.38 (1.09-1.69)

Reference 37

tility

1-y quality of life

If 1ISS216

Treated in TC 2!

0.70 (0.60-0.79)

Reference 2

Treated in non-TC 2!

0.68 (0.57-0.78)

Reference 2

If 1ISS<16%4

0.80 (0.66-0.93)

Reference 2

Yearly decrease in quality of life, % 2

3.0

Reference 2

Mean adjusted per-patient cost?

Initial treatment!4

If 1ISS=16
Level 1 TC 33,525 (32,724-34,326) | Cohort data, Reference 14
Level 2 TC 26,481 (25,161-27,801) | Cohort data, Reference 14

Non TC, no transfer

19,889 (18,894-20,884)

Cohort data, Reference 14

Non TC, transfer

22,578 (20,908-24,247)

Cohort data, Reference 14

If 1ISS<16
Level 1 TC 24,903 (24,370-25,436) | Cohort data, Reference 14
Level 2 TC 19,835 (19,453-20,217) | Reference 4 Cohort data,

Non TC, no transfer

14,255 (13,928-14,582)

Cohort data, Reference 14

Non TC, transfer

16,178 (15,685-16,672)

Cohort data, Reference 14

1-y Post-injury treatment after discharge

If 1SS>16 21

TC (level 1 and 2, including transfer)

35,081 (31,509-38,653)

Reference 2

Non TC

34,442 (31,230-37,654)

Reference 2

If 1SS<16%552
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Description Value (95% CI) Source
TC (level 1 and 2, including transfer) 9,300 (8,300-10,200) References35:52
Non TC 10,400 (9,600-11,300) | References35:52

% Increase in lifetime healthcare expenditure 42

If 155216

1.45 (1.10-1.81)

Reference 42

If 1SS<16

1.25 (1.02-1.57)

Reference 42

Yearly decrease in cost, %2>

3.0

Reference 2

Page 19

*
Level Il trauma centers are assumed to have the same mortality reduction as Level | trauma centers. The scenario of lower mortality reduction for
Level Il trauma centers is tested in a sensitivity analysis.

TReIative risk of 1-year mortality for seriously injured (ISS = 16) patients discharged alive from non-trauma centers is calculated based on 20% in-
hospital mortality reduction and 25% one-year mortality reduction in major trauma centers, compared to non-trauma centers. Approximate relative
risk = ((trauma center in-hospital mortality + trauma center one-year mortality after discharge alive)/(100% - trauma center one-year mortality
reduction) — trauma center in-hospital mortality/ (100% - trauma center inhospital mortality)) / trauma center one-year mortality after discharged
alive = ((10%+3%)/(100%-25%)-10%/(100%-20%))/3%=1.64. Inaccuracy is due to rounding.

’tAdjusted to 2008 dollars

RR, relative risk; TC, trauma center; ISS, Injury Severity Score.
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