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Abstract
Background

Many health care systems triage injured patients to major trauma centres (MTCs) or local hospitals by using triage tools and paramedic judgement. Triage
tools are typically assessed by whether patients with an Injury Severity Score (ISS)≥16 go to an MTC and whether patients with an ISS<16 are sent to their
local hospital. There is a trade‐off between sensitivity and speci�city of triage tools, with the optimal balance being unknown. We conducted an economic
evaluation of major trauma triage tools to identify which tool would be considered cost-effective by UK decision makers.

Methods

A patient-level, probabilistic, mathematical model of a UK major trauma system was developed. Patients with an ISS≥16 who were only treated at local
hospitals had worse outcomes compared to being treated in an MTC. Nine empirically derived triage tools, from a previous study, were examined so we
assessed triage tools with realistic trade-offs between triage tool sensitivity and speci�city. Lifetime costs, lifetime quality adjusted life years (QALYs), and
incremental cost-effectiveness ratios (ICERs) were calculated for each tool and compared to maximum acceptable ICERs (MAICERs) in England.

Results

Four tools had ICERs within the normal range of MAICERs used by English decision makers (£20,000 to £30,000 per QALY gained). A low sensitivity (28.4%)
and high speci�city (88.6%) would be cost-effective at the lower end of this range while higher sensitivity (87.5%) and lower speci�city (62.8%) was cost-
effective towards the upper end of this range. These results were sensitive to the cost of MTC admissions and whether MTCs had a bene�t for patients with
an ISS between 9 and 15.

Conclusions

The cost-effective triage tool depends on the English decision maker’s MAICER for this health problem. In the usual range of MAICERs, cost-effective
prehospital trauma triage involves clinically suboptimal sensitivity, with a proportion of seriously injured patients (at least 10%) being initially transported to
local hospitals. High sensitivity trauma triage requires development of more accurate decision rules; research to establish if patients with an ISS between 9
and 15 bene�t from MTCs; or, ine�cient use of health care resources to manage patients with less serious injuries at MTCs.

Background
Major trauma is a signi�cant problem worldwide, with a World Health Organisation report identifying that injuries were responsible for 9% of all deaths in
2012.[1] Systems and interventions to improve the outcomes of patients with injuries represent a key area in which public health can be improved worldwide.

Major trauma centres (MTCs), which concentrate severely injured patients in specialist centres, were introduced in England in 2012. Similar systems have been
in use in some regions of the USA for many decades. In MTC systems if patients are suspected to be severely injured then paramedics will bypass local
hospitals, if these are closer than the MTC, and the MTC will be pre-alerted to allow activation of a specialist major trauma team for resuscitation and initial
management. Evidence from the USA shows that patients who have an injury severity score (ISS) of 16 or more would, on average, have better outcomes if
they were treated at a major trauma centre.[2–6] Consequently, severe injuries are often de�ned in the literature as patients whose ISS was 16 or more.
However, ISS can only be derived after the patient has been diagnosed and treated, therefore it is not always clear which hospital the paramedics should
decide to transport the patients to. Furthermore, there is a de�nition of severe injuries that de�nes severe injuries as those injuries that would bene�t from care
that is only available at MTCs in a US setting.[7] As this is not yet widely used in the literature, we use the ISS is greater than or equal to 16 de�nition
throughout.

van Rein et al. conducted a systematic review of studies assessing the effectiveness of triage tools in MTC systems.[8] This study found that no study which
had a high methodological quality produced a tool that had adequate performance. Consequently, there is clinical value in developing, testing and
implementing triage tools for patients with suspected major trauma that can be applied by paramedics when initially assessing an injured patient. Existing
triage tools consist of physiological, anatomical, injury characteristic, and injury mechanism variables. Sensitivity and speci�city are dependent on which
variables are included in the triage tool and the cut-off level chosen for constituent variables, to give a positive diagnosis of major trauma. Any triage tool, will
trade-off the number of true positive cases correctly admitted to major trauma centres (sensitivity), with the number of true negative cases correctly
transported to local hospitals (speci�city). However, it is uncertain where the optimal balance of sensitivity and speci�city lies as the use of MTCs is
associated with improved outcomes for severely injured patients, but also costs more.

The aim of this paper is to conduct a cost-utility analysis of several plausible major trauma triage tools from the perspective of a UK decision maker.
Secondary outcomes of the decision analytic model include system �ows of patients throughout the model, as this will in�uence which tools are feasible.

Methods
Modelling approach

We developed a lifetime patient-level decision tree, followed by a discrete event simulation to model patient �ows through an English MTC system. The model
estimated patient’s outcomes, costs incurred and quality adjusted life years (QALYs) accrued for patients with suspected severe injuries. Conceptual
modelling, informed by a previously published model by Newgard et al and consultation with subject experts informed the �nal model design.[9] We have
taken a patient-level approach for two reasons. Firstly, we can accurately predict the risk of death using a validated 30-day probability of survival equation,
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developed by the Trauma Audit and Research Network (TARN), in an English population.[10, 11] Secondly, when actual tools are assessed in English
populations, this model can be easily adapted to include any correlations that exist between triage tool outcomes and the patient’s probability of survival
predicted by the TARN survival equation.

Patient Population

Our model considered patients who were injured outside of the MTC’s local area for two reasons. Firstly, patients who live closest to an MTC will usually go to
the MTC regardless of the severity of their injury. However, if a patient is thought to be severely injured, the MTC will be pre-alerted. Secondly, the available
effectiveness evidence appears to treat all patients who live closest to an MTC as having been treated at an MTC regardless of whether the trauma team were
pre-alerted. Consequently, there is no trade-off between cost and effectiveness that can be assessed in our analyses.

The model was populated with simulated patients’ representative of injured patients presenting to an English trauma system. To generate these
characteristics we obtained access to baseline demographic and clinical data from a recent prehospital major trauma triage study by van Rein et al, using the
data collected in the Central Netherlands region.[12] This provided a high quality data set, which should be representative of developed world patient. This
data is summarised in Table 1. Means, standard deviations and covariances between all parameters were obtained from the van Rein et al data for patients
with complete data for Age, Gender, ISS, Glasgow Coma Scale (GCS) and trauma type.[12] Simulated patients were sampled using correlated draws from
these distributions, further details are provided in the appendix.

Table 1: A summary of the simulated characteristics of the patients included in the model

Characteristic Mean SD / n/N Source

Age 46.8 21.3 Patients with complete Age, Gender, ISS, GCS and trauma type data in Van Rein et al.[12]

Percentage Male 58.3% 2887/4720

ISS 5.2 7.2

Percentage with an ISS ≥ 16 9.1% 428/4720

GCS 14.4 1.9

Percentage with blunt trauma 98.2% 4637/4720

SD, standard deviation; ISS, injury severity score; GCS, Glasgow Coma Scale

Interventions

Nine triage tools were examined, based on Newgard et al in which triage tools were derived by statistically analysing a retrospective cohort study conducted at
6 sites in the Western US between January 2006 and December 2008.[13] This study was selected as it �t nine triage tools to one dataset, so represented
feasible trade-offs between sensitivity and speci�city for any new rule. These analyses produced nine triage tools for which, the reported sensitivities and
speci�cities for each tool were:

Sensitivity 99.8%, Speci�city 2.5%

Sensitivity 94.8%, Speci�city 18.7%

Sensitivity 90.4%, Speci�city 58.4%

Sensitivity 87.5%, Speci�city 62.8%

Sensitivity 74.6%, Speci�city 65.7%

Sensitivity 69.8%, Speci�city 70.1%

Sensitivity 64.2%, Speci�city 76.1%

Sensitivity 57.0%, Speci�city 80.0%

Sensitivity 99.8%, Speci�city 88.6%

We assumed that the sensitivity and speci�city values for each triage tool represented the �nal triage decision, combining the diagnostic accuracy of the
triage tool and the application of judgement by the on-scene paramedics. A recent analysis of a Dutch triage tool in an English data set produced a received-
operator curve that would result in similar triage tool sensitivity and speci�city as observed by Newgard et al.[14]

Perspective

In line with guidance from the English and Welsh decision maker, the National Institute for Health and Care Excellence (NICE): we undertook a cost-utility
analysis; our analyses had a lifetime horizon; an NHS and personal social services perspective was taken; and, future costs and QALYs were discounted at
3.5%.[15]

Outcome measures

The primary outcome measure of the model was the incremental cost-effectiveness ratio (ICER). Key secondary outcomes of the model included: life
expectancy; discounted costs; discounted QALYs; the number of patients who died prior to discharge; the number of patients who died between discharge and
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one-year post-injury; and, the number of patients sent to an MTC.

The ICERs between the strategies were calculated as difference in cost / difference in QALYs. As we have a decision problem with multiple strategies, a full
incremental analysis was undertaken in line with the NICE methods guide.[15] In this approach strategies are ordered by their effectiveness (measured in
QALYs). Any tools that are dominated (they produce less QALYs at a higher cost than another tool) or extendedly dominated (a combination of two other tools
can produce the same QALYs at a lower cost) were removed from consideration. ICERs were then calculated comparing each remaining tool, except the least
effective tool, to the next least effective remaining tool.

The maximum acceptable ICER (MAICER), is the amount of money that a decision-maker is willing to pay to gain 1 additional QALY. NICE’s MAICER is usually
considered to be £20,000 per QALY, but may increase to £30,000, as detailed in the NICE methods guide.[15] In a full incremental analysis, the most effective
tool with an ICER below the decision maker’s MAICER is the cost-effective tool.

Model Structure and Logic

A diagram of the model is presented in Figure 1. Patients enter the model and the sensitivity and speci�city of the triage tool determines whether they go to the
MTC or local hospital. For patients who go to a local hospital, there is a probability that they will undergo secondary transfer to the MTC. For patients who the
triage tool suggests that they go directly to the MTC, there is a chance that they will initially go to a local hospital for urgent care after which they will undergo
a secondary transfer to the MTC. Any patient who goes to the MTC will gain the full bene�t from MTC care, but all patients who undergo a secondary transfer
will incur costs for an additional ambulance callout. Post-admission, each patient’s probability of survival within 30 days is estimated. Patients with an ISS of
16 or more and who did not go to an MTC, have a relative risk of death applied to their 30 day survival probability to re�ect the poorer outcomes we expect for
these patients. Patients who survive up until 30 days post-injury, have their probability of survival up to one year post-injury estimated. Again, a relative risk of
death was applied to increase the probability of death for patients with an ISS of 16 or more who did not receive MTC care. Patients who survive up to one
year post-injury, enter a long-term discrete event simulation in which their life expectancy is estimated using general population mortality data, increased by a
hazard ratio dependent on their ISS, to estimate their expected remaining life expectancy. This model was developed in R v4.0.2.[16]

Probability of events and effectiveness of MTCs

We used the same evidence as the previously published Newgard et al economic model for the effectiveness of MTCs on patient outcomes. These studies are
analyses of large cohort studies in a North American setting.[2–4] The data on the probability of death was updated to include UK data, where this was known
to exist. The 2006 TARN survival prediction model was selected for use in our base case economic model, as our patient cohort did not have information on
comorbidities which is required in the 2015 TARN survival equation.[10, 11]

Table 2: A summary of the parameters used in the model.
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Clinical parameters

Parameter Value Source

Probability of patients having a transfer from a local hospital to an MTC if:

 They were a true positive

 (ISS ≥ 16 & tool positive)

26.6% Newgard et al 2016[32]

 They were a false negative

 (ISS ≥ 16 & tool negative)

32.5%

 They were a true negative

 (ISS < 16 & tool negative)

4.3%

 They were a false positive

 (ISS < 16 & tool positive)

7.4%

Probability of death within 30 days Risk equation TARN[10]

Relative risk of death within 30 days of hospitalisation for patients with an
ISS ≥ 16 who were treated at a local hospital

1.25 Newgard et al 2013[3]

Relative risk of death within 30 days of hospitalisation for patients with an
ISS < 16 who were treated at a local hospital

1 Assumption

Probability of death between 30 days post-injury and 1-year post-injury for
patients with an ISS ≥ 16

3.6% Mackenzie et al. 2006[2]

Relative risk of death between 30 days and 1 year post-hospitalisation for
patients with an ISS ≥ 16 who were treated at an local hospital

1.64

Probability of death between 30 days post-injury and 1-year post-injury for
patients with an ISS < 16

1.7% Davidson et al 2011[33]

Probability of death after 1 year Age and
gender
dependant

ONS[34]

Hazard Ratio for the risk of death if someone has a suspected major trauma case with:

An ISS of less than 16 1.38 Newgard et al 2016[9]

Cameron et al. 2005[4]An ISS of greater than or equal to 16 5.19

Utility parameters

Parameter Value Source

Utility for patients with:

An ISS of 16 or more 0.65 Ahmed et al [17]

An ISS of 15 or less 0.65

General population utility

Constant 0.9508566 Ara and Brazier[35]

Age -0.0002587

Age squared -0.0000332

Male (1 = male, 0 = otherwise) 0.0212126

Calculations

Age and gender matched general population utility for the Ahmed et al
population

0.824 Calculated. Mean age was 61 years and 59.1% of the
analysis population was male in Ahmed et al.[17]

Utility multipliers, relative to the utility in the general population, for patients with:

An ISS of 16 or more 0.789 Calculated

An ISS between 15 and 9 0.789 Calculated

An ISS of under 9 1 We assumed that these patients would have a utility
equal to that of the general population

Cost Parameters

Parameter Value Source

Admission costs – base case
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Transfers between local hospitals and MTCs £252 Assumed to be one additional ambulance call out. NHS
improvement.[23] Currency Code ASS02.

MTC admission, if ISS is 16 or over £2,819 NHS improvement[22]

MTC admission, if ISS is less than 16 and over 8 £1,466

Treatment of a patient with blunt trauma and an ISS in the range of:

ISS≤9 £6,198 Christensen et al[20]

9<ISS≤16 £8,989

16< ISS≤25 £14,205

ISS > 25 £21,173

Treatment of a patient with penetrating trauma and an ISS in the range of:

ISS≤9 £6,501 Christensen et al[21]

9<ISS≤15 £6,035

15< ISS≤24 £9,453

24< ISS≤34 £12,347

ISS > 34 £16,438

Post discharge costs

Cost between discharge and 6 months post treatment £1,766 John Nichol, Personal communication

Relative increase in lifetime treatment costs for patients with an ISS ≥ 16
compared to the general population

1.45 Cameron et al. 2006[25]

Delgado et al 2013[24]

Relative increase in lifetime treatment costs for patients with an ISS < 16
compared to the general population

1.25 Cameron et al. 2006[25]

Delgado et al 2013[24]

Yearly costs of NHS treatment Age and
gender
dependent

Asaria 2017[26]

NB – distributions and the standard errors around each parameter are provided in the appendix

local hospital – local hospital; MTC, major trauma centre; ISS, injury severity score

Utilities

The utility parameters used in the model are provided in Table 2. Our utilities are from Ahmed et al, which is a survey in which 154 patients, whose ISS was 9
or more, completed the EQ-5D-5L questionnaire at an English MTC one year post-injury.[17] There was no evidence in this study that utility varied by ISS score.
For patients with an ISS of 9 or more we applied these utilities multiplicatively to age-gender matched utilities for the UK general population.[18] For patients
with an ISS of less than 9 we assumed that their injury did not have long term effects on their utility.

Costs

The costs in the model re�ect English practice and are provided in Table 2. All costs are in 2017/18 prices. Costs from previous years were in�ated to 2017/18
prices using the HCHS Pay and Prices in�ation index.[19] Other costs incurred within the �rst 6 months post-injury were obtained from UK based studies and
sources.[20–23][John Nicholl, personal communication] After 6 months we adopt the data reported in Delgado et al, which was a cost-effectiveness analysis
of helicopter versus ground transport in the US.[24] These parameters, which is that based on data from one Canadian study, are an increase in costs for
patients with a history of trauma compared to the general population.[25] We used English health care costs incurred by the general population, according to
their age and gender, and the data from Delgado et al to calculate the increased long term health care costs incurred by each patient in our model.[24, 26]

Scenario analyses

A base case deterministic analysis was performed, where all parameters are set to mean values. In order to account for the uncertainty in model inputs a
probabilistic sensitivity analysis (PSA) was conducted using Monte Carlo simulation to randomly sample from a distribution assigned to each model
parameter (see Appendix). Multiple model runs were performed, each with independent random draws from every parameter’s distribution. ICERs were
calculated from the mean expected costs and effects over all model runs. We assessed the stability of our model results with respect to the number of
patients (assessed visually) and number of PSA runs (assessed using the Hatswell et al method).[27] We found that 25,000 simulated patients and 2,000 PSA
runs produced stable results (see Appendix).

We conducted three scenario analyses to explore the robustness of model assumptions.
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In the �rst scenario analysis we used the 2015 TARN survival equation and assumed that the simulated patients in our model were in the same risk category
as people with missing Charlson Comorbidity Index (CCI).[11]

In the second scenario analysis, we explored the bene�t of MTC care to patients with an ISS between 9 and 15 inclusive, as these patients incur costs for
going to an MTC in England implying there may be a belief by payers that these patients would bene�t from MTC care.

In the �nal set of scenario analyses we varied the cost of MTC care, as the cost of MTC care in England is reviewed regularly.

Results
Base Case analysis

The results of the deterministic base case analysis is given in Table 3. All ICERs are in excess of £30,000 per QALY gained, consequently they are above the
upper limit of the ICER that NICE would consider acceptable meaning that the cost-effective strategy is the least sensitive triage tool.[15] The PSA results are
given in Table 3. The PSA results, in terms of the ICERs and the tools which are dominated or extendedly dominated, are very different to the deterministic
results. Consequently all conclusions and scenario analyses are based on the PSA results, as the difference between the deterministic and PSA results for the
base case indicates that conducting deterministic analysis introduces bias into the estimated ICER (non-linearity).[27]

In the PSA results, a low sensitivity and high speci�city tool results in the least number of cases going to an MTC, the lowest cost and the worst outcomes
(probability of death, life expectancy and QALYs). Conversely a highly sensitive and low speci�city tool results in the most cases going to an MTC, the highest
cost, and the best outcomes. Three strategies have ICERs above £20,000 per QALY gained, but below £30,000 per QALY gained (57% sensitivity, 64.2%
sensitivity, 87.5% sensitivity). The two remaining strategies, that were not dominated or extendedly dominated, had ICERs that were above the usual upper
limit of NICE’s MAICER of £30,000 per QALY gained.

The model results indicate that out of a population of 100,000 patients to whom a major trauma triage tool was applied, 18,448 out of the 100,000 assessed
patients would go to an MTC using the most speci�c tool whereas 97, 860 of the 100,000 assessed patients would go to the MTC using the most sensitive
tool. Even when using a very speci�c triage tool, the majority patients with an ISS ≥ 16 would go to an MTC due to transfers from the local hospitals.
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Table 3
The results of the deterministic base case analyses

Triage
Tool

Number of
cases sent to
the MTC per
100,000
patients

Number of
cases sent to
the MTC per
8,916 patients

(ISS ≥ 16)

Number of
cases sent to
the MTC per
91,084
patients

(ISS < 16)

Proportion of
patients who
died before
discharge

Proportion of
patients who die
between discharge
and 1-year post-
injury

Mean
years
lived

Mean
discounted
QALYs

Mean
discounted
Costs

ICER

Deterministic

28.4%
Sens,
88.6%
Spec

18,912 4,600 14,312 4.17% 1.80% 32.07 13.620 £32,574 -

57.0%
Sens,
80.0%
Spec

28,120 6,220 21,900 4.14% 1.78% 32.08 13.624 £32,698 ED

64.2%
Sens,
76.1%
Spec

31,892 6,724 25,168 4.12% 1.78% 32.08 13.625 £32,743 ED

69.8%
Sens,
70.1%
Spec

37,536 7,092 30,444 4.11% 1.77% 32.08 13.626 £32,774 ED

74.6%
Sens
65.7%
Spec

41,672 7,392 34,280 4.10% 1.78% 32.08 13.626 £32,793 ED

87.5%
Sens,
62.8%
Spec

44,976 8,156 36,820 4.09% 1.76% 32.09 13.629 £32,854 £33,026

90.4%
Sens,
58.4%
Spec

49,100 8,364 40,736 4.08% 1.75% 32.09 13.630 £32,889 £39,584

94.8%
Sens,
18.7%
Spec

83,116 8,612 74,504 4.08% 1.75% 32.09 13.630 £32,979 ED

99.8%
Sens,
2.5%
Spec

97,860 8,912 88,948 4.06% 1.74% 32.10 13.633 £33,064 £54,515

Probabilistic (all values are mean values)

28.4%
Sens,
88.6%
Spec

18,448 4,607 13,841 4.78% 1.78% 32.05 13.580 £33,024 -

57.0%
Sens,
80.0%
Spec

27,670 6,331 21,339 4.72% 1.76% 32.07 13.586 £33,181 £25,039

64.2%
Sens,
76.1%
Spec

31,505 6,763 24,741 4.70% 1.75% 32.07 13.588 £33,223 £27,311

69.8%
Sens,
70.1%
Spec

37,069 7,100 29,969 4.69% 1.75% 32.07 13.589 £33,262 ED

74.6%
Sens
65.7%
Spec

41,192 7,388 33,804 4.68% 1.74% 32.08 13.590 £33,294 ED

87.5%
Sens,
62.8%
Spec

44,499 8,165 36,334 4.65% 1.73% 32.08 13.593 £33,363 £27,624
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Triage
Tool

Number of
cases sent to
the MTC per
100,000
patients

Number of
cases sent to
the MTC per
8,916 patients

(ISS ≥ 16)

Number of
cases sent to
the MTC per
91,084
patients

(ISS < 16)

Proportion of
patients who
died before
discharge

Proportion of
patients who die
between discharge
and 1-year post-
injury

Mean
years
lived

Mean
discounted
QALYs

Mean
discounted
Costs

ICER

90.4%
Sens,
58.4%
Spec

48,516 8,339 40,177 4.65% 1.73% 32.08 13.594 £33,386 £35,791

94.8%
Sens,
18.7%
Spec

83,383 8,603 74,779 4.64% 1.72% 32.09 13.594 £33,486 ED

99.8%
Sens,
2.5%
Spec

97,810 8,904 88,906 4.62% 1.72% 32.09 13.596 £33,542 £77,477

MTC, major trauma centre; ISS, injury severity score; QALYS, quality adjusted life years; ICER, incremental cost-effectiveness ratio; Sens, sensitivity; Spec,
speci�city; ED, extendedly dominated

Scenario analyses

Table 4 summarises the results of the scenario analyses. When the TARN 2015 survival equation is used and all patients in our simulation are treated as
having a missing CCI, the results are remarkably similar to the base case analysis as the strategies which are cost-effective at £20,000 and £30,000 per QALY
gained are the same.[11] In the scenario analyses in which patients with an ISS between 9 and 15 inclusive receive a bene�t from MTC care, the conclusions
of the base case are changed. If the bene�t that these patients receive is 25% or 50% of the bene�t accrued from MTC care by patients with an ISS of 16 or
more, then the most cost-effective tool at an MAICER of £30,000 per QALY gained is the most sensitive triage tool. Although when these patients receive 50%
of the bene�t of MTC care, the ICER for the most sensitive strategy is only £20,306 per QALY gained (see Appendix) indicating that the NICE’s ICER would only
have to be a very small amount over the lower end of their usual range of MAICERs to consider the most sensitive rule to be cost-effective in this scenario. In
the scenario where these patients receive 75% of the bene�t of MTC care that is accrued by patients with an ISS over 16, then the most sensitive triage tool
would be cost-effective at MAICERs of both £20,000 and £30,000 per QALY gained.

Table 4
The results of the scenario analyses

Scenario Cost-effective tool at £20,000 per QALY
gained

Cost-effective tool at £30,000 per QALY
gained

Base Case 28.4% Sens, 88.6% Spec 87.5% Sens, 62.8% Spec

Scenario analyses

TARN 2015 survival equation with every patient’s CCI being
missing

28.4% Sens, 88.6% Spec 87.5% Sens, 62.8% Spec

MTC bene�t for people with and ISS in the range 16 > ISS ≥ 9

MTCs have 25% bene�t

RR of death prior to discharge = 1.07

RR of death discharge and one year = 1.16

28.4% Sens, 88.6% Spec 99.8% Sens, 2.5% Spec

MTCs have 50% bene�t

RR of death prior to discharge = 1.13

RR of death discharge to one year = 1.32

28.4% Sens, 88.6% Spec 99.8% Sens, 2.5% Spec

MTCs have 75% bene�t

RR of death prior to discharge = 1.19

RR of death discharge to one year = 1.48

99.8% Sens, 2.5% Spec 99.8% Sens, 2.5% Spec

Full results are given in the Appendix

QALY, quality adjusted life year; Sens, sensitivity; Spec, speci�city; TARN, Trauma Audit and Research Network; CCI, Charlson comorbidty index; MTCs,
major trauma centres; RR, relative risk

Table 5 shows the tool that is cost-effective when the cost of MTC care in England is changed. This is assessed at MAICERs of £20,000 and £30,000 per QALY
gained. At an MAICER of £20,000 the optimal tool is highly sensitive to the level of best practice tariffs for MTCs in the UK. If the tariffs are set to their
2017/18 levels, then the optimal tool is a highly speci�c triage tool. If the tariffs were set to £0, then the optimal tool would be a tool with a sensitivity of 88%
and a speci�city of 63%. These results are similar at MAICERs of £30,000 per QALY gained, with either the tool with a sensitivity of 88% or a sensitivity of 90%
being cost-effective.
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Table 5
Cost-effective triage tool in the threshold analyses on the cost of MTC care in Engalnd

MAICER = £20,000 per QALY gained

Cost of MTC care for patients
with:

ISS ≥ 16 (rows)

16 > ISS ≥ 9 (columns)

£1541

(2020/21 tariff
levels)

£1,466 (100%) £1099.50 (75%) £733 (50%) £366.50(25%)

£2961

(2020/21 tariff levels)

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

57.0% Sens 80.0%
Spec

£2,819 (100%) 28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

57.0% Sens 80.0%
Spec

£2114.25 (75%) 28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

57.0% Sens 80.0%
Spec

£1409.50 (50%) 28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

57.0% Sens 80.0%
Spec

87.5% Sens 62.8%
Spec

£704.75 (25%) 28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

28.4% Sens 88.6%
Spec

87.5% Sens 62.8%
Spec

90.4% Sens 58.4%
Spec

MAICER = £30,000 per QALY gained

Cost of MTC care for patients
with:

ISS ≥ 16 (rows)

16 > ISS ≥ 9 (columns)

£1541

(2020/21 tariff
levels)

£1,466 (100%) £1099.50 (75%) £733 (50%) £366.50(25%)

£1541

(2020/21 tariff levels)

87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

90.4% Sens 58.4%
Spec

87.5% Sens 62.8%
Spec

£2,819 (100%) 87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

£2114.25 (75%) 87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

87.5% Sens 62.8%
Spec

90.4% Sens 58.4%
Spec

90.4% Sens 58.4%
Spec

£1409.50 (50%) 90.4% Sens 58.4%
Spec

87.5% Sens 62.8%
Spec

90.4% Sens 58.4%
Spec

90.4% Sens 58.4%
Spec

90.4% Sens 58.4%
Spec

£704.75 (25%) 90.4% Sens 58.4%
Spec

90.4% Sens 58.4%
Spec

90.4% Sens 58.4%
Spec

90.4% Sens 58.4%
Spec

99.8% Sens 2.5%
Spec

MAICER, maximum acceptable incremental cost-effectiveness ratio; ISS, injury severity score; Sens, sensitivity; Spec, speci�city

Full results as per the base case analysis are available in the Appendix

Discussion
Summary of �ndings

The cost-effective triage tool for patients with suspected major trauma is highly uncertain, as three potential tools have emerged with ICERs within the range
of £20,000 to £30,000 per QALY gained. If the MAICER in the UK for this problem is £20,000 per QALY gained, then the cost-effective triage tool will be a highly
speci�c tool. However, if the MAICER in the UK for this problem is £30,000 per QALY gained then the cost-effective triage tool will be a moderately sensitive
tool with a sensitivity in the region of 85–90%. The sensitivity of these tools are slightly lower than the American College of Surgeons Committee on Trauma’s
(ACSCOT) recommended sensitivity for any new tool of 95%.[28] The key uncertainties in our ICERs relate to the bene�t that MTCs offer to patients with an
ISS of between 9 and 15. If this subgroup of patients gains a bene�t from MTC care, then the cost-effective tool may be a highly sensitive tool. Furthermore,
the results are sensitive to the current cost of MTC care in England, which is determined by best practice tariffs payments made to hospitals.

When deciding upon the exact MAICER used for a decision problem in England, NICE committees consider: how certain the ICERs are; whether health related
quality of life has been adequately captured in utilities; whether they believe the technology is innovative; and, whether the technology helps the NHS meet its
non-health objectives. As the MAICERs increase from £20,000 to £30,000 per QALY gained, the committee will make explicit references to these criteria in their
judgement as to whether a new technology is cost-effective. Therefore, if the moderately sensitive tool was to be judged cost-effective in our base case
analysis, then the tool would have to be judged as meeting one or more of these additional criteria by a NICE guidelines committee on major trauma.

Comparison to previous literature

Despite large-scale investment in major trauma networks, the cost-effectiveness of major trauma triage is not well studied, with only one previously published
economic model available by Newgard et al.[9] They found in a US setting, implementing a high sensitivity tool (as recommended by ASCOT) was unlikely to
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be cost-effective. This conclusion is very similar to our �ndings and shows that developing high sensitivity tools for major trauma are likely to not be a cost-
effective use of resources in either the UK or the US based on our current understanding of major trauma systems.

Strength and Limitations

This model is the �rst model of major trauma set in the UK that we are aware of, follows best practice recommendations for health economic evaluations, and
brings together the best available evidence to inform decision making on major trauma centres in the England. However, there are a number of limitations in
the underlying evidence base that must be taken into account when considering the results and when designing future research projects designed to make
well-informed decisions regarding major trauma care in an English or UK wide context.

Firstly, all the clinical evidence underpinning the model related to a de�nition of major trauma based solely on patient’s ISS. However, ISS may not be the gold
standard de�nition of major trauma with a new criterion for patients who bene�t from major trauma existing.[7, 29, 30] Secondly, a Dutch cohort was used to
simulate patients in our model. This provided a high quality data set which should be representative of patients in the developed world, however complete
generalisability to the UK, or other settings cannot be guaranteed.[12] Thirdly, whilst most of the data in this model is from the UK setting, further research on
the effectiveness of MTCs, the probability of receiving an secondary transfer to an MTC, the effect of having major trauma on patient’s long-term outcomes in
a UK setting, and the total number of patients with an ISS ≥ 16 not transported to an MTC would be desirable. Fourthly, it is thought that patients who go
directly to MTCs have better outcomes than patients who receive secondary transfers to the MTC, however quantitative evidence on this effect is lacking
meaning that this cannot be accurately quanti�ed in our analyses. Fourhtly, the data on the health care costs incurred by major trauma patients in the UK is
old, as it uses TARN data from 2000 to 2005. Therefore, an update of this evidence would be a useful addition to this model. There is a partial update to this
evidence, which uses TARN data from 2009 to 2011.[31] However, the population of this study was limited to patients with major trauma who also had severe
bleeding. Finally, to conduct a simulated population it was necessary to exclude patients with missing data from the Dutch Cohort.

Future Research

As highlighted in the strengths and limitations there are several key areas of research that would improve decision making in the area of major trauma triage
these include:

1) Estimating the effectiveness of MTC care for patients who meet the Lerner et al. criteria of major trauma centre need, rather than ISS.[7] Without this
evidence we cannot reliably estimate the cost-effectiveness of triage tools designed around these criteria.

2) The evidence on the cost of major trauma cases (especially in the long term) in the UK NHS should be updated.

3) Further research should be conducted into whether patients with an ISS of between 9 and 15 receive any bene�t from MTC care.

4) Quantifying the bene�t of MTCs for patients sent directly to the MTCs and the patients who receive a secondary transfers should estimated separately.

Implications for practice

This work indicates that based on the current major trauma system in England and the best currently available evidence, if a cost-effective rule is to be
selected then we have to accept a non-negligible proportion of severely injured patients (at least 10%) will not initially be identi�ed as needing care at a major
trauma centre. Based on current evidence we would expect around 30% of these patients to be transferred to an MTC, but that still leaves 7% of all major
trauma cases not receiving the best available care.

Conclusion
In conclusion, cost-effective prehospital trauma triage involves clinically suboptimal sensitivity unless it can be proved that patients with an ISS between 9
and 15 receive a signi�cant bene�t from MTC care. Cost-effective trauma triage tools result in a proportion of severely injured patients (at least 10%) being
initially transported to local hospitals. Implementing high sensitivity trauma triage tools in England requires development of more accurate decision rules;
research to establish if patients with an ISS between 9 and 15 bene�t from MTCs; changes in the MTC funding system in England; or, ine�cient use of health
care resources to manage patients with less serious injuries at MTCs.

Abbreviations
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Abbreviation Meaning

MTCs Major trauma centres

ISS Injury Severity Score

QALYs Quality adjusted life years

TARN Trauma audit research network

GCS Glasgow coma Scale

NICE National Institute for Health and Care Excellence

ICER Incremental cost-effectiveness ratio

MAICER Maximum acceptable incremental cost-effectiveness ratio

PSA Probabilistic sensitivity analysis

CCI Charlson Comorbidity Index
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