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IMPORTANCE Prehospital point-of-care troponin testing and paramedic risk stratification
might improve the efficiency of chest pain care pathways compared with existing processes
with equivalent health outcomes, but the association with health care costs is unclear.

OBJECTIVE To analyze whether prehospital point-of-care troponin testing and paramedic risk
stratification could result in cost savings compared with existing chest pain care pathways.

DESIGN, SETTING, AND PARTICIPANTS In this economic evaluation of adults with acute chest
pain without ST-segment elevation, cost-minimization analysis was used to assess linked
ambulance, emergency, and hospital attendance in the state of Victoria, Australia,
between January 1, 2015, and June 30, 2019.

INTERVENTIONS Paramedic risk stratification and point-of-care troponin testing.

MAIN OUTCOMES AND MEASURES The outcome was estimated mean annualized statewide
costs for acute chest pain. Between May 17 and June 25, 2022, decision tree models were
developed to estimate costs under 3 pathways: (1) existing care, (2) paramedic risk
stratification and point-of-care troponin testing without prehospital discharge, or (3)
prehospital discharge and referral to a virtual emergency department (ED) for low-risk
patients. Probabilities for the prehospital pathways were derived from a review of the
literature. Multivariable probabilistic sensitivity analysis with 50 000 Monte Carlo
iterations was used to estimate mean costs and cost differences among pathways.

RESULTS A total of 188 551 patients attended by ambulance for chest pain (mean [SD] age,
61.9 [18.3] years; 50.5% female; 49.5% male; Indigenous Australian, 2.0%) were included in
the model. Estimated annualized infrastructure and staffing costs for the point-of-care
troponin pathways, assuming a 5-year device life span, was $2.27 million for the pathway
without prehospital discharge and $4.60 million for the pathway with prehospital discharge
(incorporating virtual ED costs). In the decision tree model, total annual cost using
prehospital point-of-care troponin and paramedic risk stratification was lower compared
with existing care both without prehospital discharge (cost savings, $6.45 million;
95% uncertainty interval [UI], $0.59-$16.52 million; lower in 94.1% of iterations)
and with prehospital discharge (cost savings, $42.84 million; 95% UI, $19.35-$72.26 million;
lower in 100% of iterations).

CONCLUSIONS AND RELEVANCE Prehospital point-of-care troponin and paramedic risk
stratification for patients with acute chest pain could result in substantial cost savings.
These findings should be considered by policy makers in decisions surrounding the potential
utility of prehospital chest pain risk stratification and point-of-care troponin models provided
that safety is confirmed in prospective studies.

JAMA Intern Med. 2023;183(3):203-211. doi:10.1001/jamainternmed.2022.6409
Published online January 30, 2023.

Editor's Note page 211

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author:
Dion Stub, MBBS, PhD, Department
of Cardiology, The Alfred Hospital,
55 Commercial Rd, Prahran, VIC
3004, Australia
(d.stub@alfred.org.au).

Research

JAMA Internal Medicine | Original Investigation

(Reprinted) 203

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Poria Medical Center by Eran Or on 05/16/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.6409?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.6409
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2022.6600?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.6409
https://jamanetwork.com/journals/imd/fullarticle/10.1001/jamainternmed.2022.6409?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.6409
mailto:d.stub@alfred.org.au


A cute chest pain accounts for 10% of ambulance atten-
dances and is associated with significant health care
costs and resource utilization.1-4 Chest pain is present

in many serious diagnoses; therefore, existing guidelines rec-
ommend that most patients are transported to emergency de-
partments (EDs) for further assessment, although 50% of pa-
tients are ultimately discharged without a specific diagnosis.3

Recently, studies have shown that paramedics can safely
perform point-of-care troponin testing and risk stratification
for patients with suspected acute coronary syndrome (ACS),5-10

which reduces ED length of stay.6,8 Although health outcome
studies assessing this strategy are still emerging, prehospital
risk stratification and point-of-care troponin testing may be
noninferior to existing care processes with regard to the oc-
currence of early major adverse cardiac events.7,10 To date, most
of these studies have been undertaken using conventional
troponin assays, but point-of-care, high-sensitivity troponin
(hsTn) assays have been developed and may see widespread
availability in the near future. Nonetheless, there are signifi-
cant infrastructure costs associated with equipping ambu-
lances with point-of-care testing devices and hsTn cartridges
in addition to paramedic training costs, and it is currently
unclear whether a prehospital risk stratification and point-of-
care troponin model would result in net cost savings.

We aimed, therefore, to perform a modeling study of the
costs associated with prehospital point-of-care troponin path-
ways using a cost-minimization analysis based on linked am-
bulance, emergency, and hospital admission data for patients
with acute chest pain. A cost-minimization analysis was se-
lected because this intervention is focused on improving
system efficiency, and emerging data have suggested that early
outcomes are noninferior to existing care.7,10

Methods
This economic evaluation and data linkage study was ap-
proved by the Monash University human research ethics com-
mittee (approval number 11681). The committee deemed the
study exempt from informed consent because it was low risk,
and data were routinely collected and deidentified. The study
followed the Consolidated Health Economic Evaluation Re-
porting Standards (CHEERS) reporting guideline.11

The cost-minimization analysis compared the use of pre-
hospital paramedic risk assessment and point-of-care tropo-
nin testing (with and without the use of prehospital dis-
charge) with existing care processes using the state of Victoria,
Australia, as the basis for the cost model. Victoria is a region
of 6.7 million people residing in a 227 444-km2 area in the
southeastern part of the country.4 Ambulance attendance data
between January 1, 2015, and June 30, 2019, for consecutive
adult patients with acute, nontraumatic chest pain without
ST-segment elevation were linked to the Victorian Emer-
gency Minimum Dataset and the Victorian Admitted Epi-
sodes Dataset to determine diagnoses and costs per episode
of care. Full details regarding the cohort characteristics (sex,
age, socioeconomic status, comorbidities, event location, and
diagnoses) and linkage processes have been published

previously4,12,13 and are included in the eMethods in Supple-
ment 1. Indigenous Australian race was recorded in emer-
gency or hospital data sets according to self-report, with this
being a mandatory question for health services at time of
patient admission. No other race and ethnicity data were
collected in the included data sets.

Decision Model and Probabilities
We generated a decision tree model with 3 pathways to rep-
resent an existing chest pain care pathway (pathway 1) based
on current chest pain management guidelines and prehos-
pital risk stratification and point-of-care troponin pathways
without (pathway 2) and with (pathway 3) the use of prehos-
pital discharge (Figure 1).14 The existing care pathway in-
cluded standard prehospital care (electrocardiogram, analge-
sia, intravenous cannulation) and transport of all patients with
suspected ACS or those with suspicion of other serious ill-
ness to the nearest hospital. For patients with a history sug-
gestive of ACS, a suspected ACS pathway would be under-
taken, including hsTn protocols, with patients transferred to
revascularization-capable centers if unavailable at the index
hospital. Patients without ACS could be discharged following
evaluation for other serious conditions, such as pulmonary
emboli or aortic dissection, directly from the ED or following
hospital admission.

Under the prehospital risk assessment and point-of-care
troponin pathways, costs could be altered in 3 ways: (1) pa-
tients with positive initial prehospital hsTn values could be
transported directly to a revascularization center, avoiding the
costs of nonrevascularization-capable index hospitals and
transfers; (2) patients with suspected ACS without a final di-
agnosis of ACS could arrive at the hospital with the prehos-
pital hsTn testing complete, allowing for earlier discharge from
the ED and avoiding admission for some; and (3) patients clas-
sified as low risk by prehospital risk scoring could be referred
to local medical services or a virtual ED service without trans-
port to the hospital using single hsTn rule-out protocols, which
are commonly used in EDs for very-low-risk patients (eTable 1
in Supplement 1).15-17 For patients being considered for non-
transport to the hospital (pathway 3), a theoretical virtual ED

Key Points
Question Could paramedic risk stratification and point-of-care
troponin testing result in cost savings for acute chest pain care
at a population level?

Findings In this economic evaluation of 188 551 patients attended
by ambulance for chest pain in Victoria, Australia, the estimated
annual statewide cost savings of prehospital risk stratification
and troponin measurement was $6.45 million without using
prehospital discharge and $42.84 to $71.84 million if prehospital
discharge was used for low-risk patients.

Meaning The findings suggest that prehospital risk assessment
and point-of-care troponin testing may be viable based on
cost savings alone, and investment should be considered by
health services provided that safety is confirmed in prospective
studies.
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would be proposed as a final safety net prior to prehospital dis-
charge. Virtual EDs are a centrally operated emergency medi-
cine telehealth service used by some centers in our region to
reduce overcrowding. Specialist emergency physicians can re-
motely assess and manage low- and medium-acuity illness in
patients in the community via video consultation.

For risk categorization in pathway 3, we assessed 2 risk
scores, including the history, electrocardiogram, age, risk fac-
tors, and troponin (HEART) risk score, which has been vali-
dated for cohorts with suspected ACS in the prehospital
setting,5,7,10 and the Early Chest Pain Admission Mortality and
Myocardial Infarction (ECAMM) score, which is designed for
undifferentiated chest pain presentations (rather than sus-
pected ACS) but has not yet been prospectively validated.18

Risks of missing serious non-ACS diagnoses (eg, pulmonary em-
bolism, heart failure, aortic dissection, pneumonia) are ac-
counted for in a similar manner to standard ED pathways, with
patients requiring classification as suspected ACS by paramed-
ics and low-risk patients considered for prehospital discharge
if clinical observations are normal (eMethods in Supple-
ment 1), if pain has resolved, and after assessment by a vir-
tual ED clinician. The ECAMM score also quantifies risk of
admission for non-ACS diagnoses rather than ACS risk alone.

Branch probabilities were estimated based on a system-
atic review of the literature (eMethods in Supplement 1) and
using the Ambulance Victoria–linked chest pain cohort
(Table 1).8,18-22 Given that the Ambulance Victoria chest pain
cohort represented an undifferentiated chest pain cohort, we
estimated the probability of patients undergoing a suspected
ACS assessment pathway by dividing the myocardial infarc-
tion rate in the Ambulance Victoria cohort by the myocardial

infarction rate in the Rapid Assessment of Possible Acute
Coronary Syndrome in the Emergency Department With High-
Sensitivity Troponin T Study (RAPID-TnT) cohort, an Austra-
lian trial that enrolled patients planned to undergo a sus-
pected ACS pathway.20 Probabilities of patients being classified
as low risk by either the ECAMM or HEART scores were deter-
mined by calculating these scores using Ambulance Victoria
comprehensive clinical data.18,23 Probabilities of patients avoid-
ing admission due to a more rapid diagnosis were estimated
based on studies assessing prehospital blood collection and
trials comparing different hsTn algorithms (eMethods in
Supplement 1),8,20,24 but to account for the uncertainty in this
assumption, we used a more conservative range of 0% to 15%.

Cost Estimates
Costs were summed for each pathway in the decision tree and
reflect Australian dollars ($) in the 2020-2021 financial year.
Ambulance costs were determined from 2021-2022 Victorian
estimates of cost per transport type. Full details regarding cost
calculations, including the case-mix funding models used in
Victoria, are provided in the eMethods and eTables 2 and 3 in
Supplement 1.

Point-of-care troponin device costs were provided by Ab-
bott Point of Care Inc, with fleet setup costs for Victoria de-
termined based on requiring 1 iStat analyzer for each of 810 am-
bulance response teams and 1 simulator for each of 215
ambulance branches. To account for the need for device re-
pairs or replacements following a 2-year warranty period, we
included a probability of device replacement estimated over
a range of 0% to 10% per year for years 3 to 5 of an estimated
5-year device life span.

Figure 1. Chest Pain Prehospital Risk Stratification and Point-of-Care Troponin Decision Tree
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Square blue nodes indicate entry points to the model for each of the 3 pathways, including (1) existing care, (2) prehospital risk stratification and point-of-care
troponin testing without prehospital discharge, and (3) prehospital risk stratification and point-of-care troponin testing with prehospital discharge using a virtual
emergency department (ED). Orange circles indicate end points where costs are determined. On arrival to an ED, the same structure is followed for each pathway
(right, with blue circles indicating receiving hospital center revascularization capabilities that patients are transported to), but probabilities are varied, including
reduced admission rates for patients with suspected acute coronary syndrome (s-ACS) due to faster troponin results in EDs. hsTn indicates high-sensitivity troponin.
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Paramedic training in our region is completed during pre-
allocated teaching periods (40 hours per year); however, we
accounted for an additional 3 hours of education for device use
and patient selection per year. For the virtual ED assessment

(pathway 3), costs were estimated assuming a theoretical cen-
tralized virtual ED staffed by a consultant emergency physi-
cian and administration staff 24 hours per day, 7 days per week.
Costs per attendance (eg, hsTn cartridges) assumed an an-

Table 1. Probabilities and Costs Based on the Literature and Linked Data Sources

Probability and costs Value Rangea Source
Probability

Complete prehospital troponin and risk assessment 0.792 0.50-0.90 Stopyra et al,8 2021

Patients with ACS with an initial prehospital positive troponin test result 0.352 0.20-0.50 Neumann et al,19 2016

Patients with suspected ACS avoiding a short stay or hospital admission 0.123 0.00-0.15 Stopyra et al,8 2021; Chew et al,20 2019

Patients with chest pain undergoing a suspected ACS pathwayb 0.747 0.50-0.90 Chew et al,20 2019; AV data set

Diagnosed with MI 0.062 0.04-0.10 AV data set

Nearest center not capable of revascularization 0.323 0.15-0.50 AV data set

Suspected ACS case classified as low risk by prehospital HEART score
with resolution of pain and normal observations

0.207 0.10-0.40 Backus et al,21 2013; AV data set

Chest pain case classified as low or very-low risk by prehospital
ECAMM score with normal troponin level and resolution of pain

0.412 0.20-0.50 Dawson et al,18 2022; AV data set

Annual proportion of point-of-care devices requiring repairs or
replacement following warranty expirationc

0.050 0.00-0.10 Author consensus

Estimated costs (Australian $)

Attendance outcome and disposition

Nonrevascularization center

ED discharge 2448 Fixed AV data set

Short stay discharge 4145 Fixed AV data set

Admission (non-ACS) 10 098 Fixed AV data set

Transfer (ACS) 24 195 Fixed AV data set

Not suspected ACS 5519 Fixed AV data set

Revascularization center

ED discharge 2275 Fixed AV data set

Short stay discharge 4069 Fixed AV data set

Admission (non-ACS) 11 292 Fixed AV data set

Admission (ACS) 16 512 Fixed AV data set

Not suspected ACS 5974 Fixed AV data set

Low-risk classification and not transported to the hospital 685 Fixed AV data set

Point-of-care troponin device costs

iStat analyzers (annual)d 972 000 Fixed Abbott Point of Care

iStat simulators (annual)d 21 500 Fixed Abbott Point of Care

hsTn cartridge (cost per attendance)e 16 Fixed Abbott Point of Care

Paramedic education costs (annual)f 502 380 Fixed Australian Government

Virtual ED costs

24/7 ED consultant physician (annual)g 1 921 303 Fixed AMA Victoria

24/7 Administration staff (annual)h 311 784 Fixed Victoria State Government

Infrastructure and operational (annual) 100 000 Fixed Author consensus

Abbreviations: ACS, acute coronary syndrome; AV, Ambulance Victoria;
ECAMM, Early Chest Pain Admission Mortality and Myocardial Infarction;
ED, emergency department; HEART, history, electrocardiogram, age, risk
factors, and troponin; hsTn, high-sensitivity troponin; MI, myocardial infarction.
a Range indicates limits of β-distribution for the probabilities used in

the multivariable probabilistic sensitivity analyses.
b Rate of MI in the AV data set of undifferentiated chest pain (6.2% MI) divided

by the rate of MI in the Rapid Assessment of Possible Acute Coronary
Syndrome in the Emergency Department With High-Sensitivity Troponin T
Study cohort with suspected ACS (8.3% rule-in MI).

c Annual proportion of point-of-care devices requiring repairs or replacement
following a 2-year warranty calculated by multiplying the probability value
by total annual cost of fleet analyzers and simulators.

d iStat analyzer and simulator costs assume a 5-year expected device lifetime

for a statewide ambulance fleet of 810 response teams with 215 branches
requiring 1 analyzer per team and 1 simulator per branch.

e High-sensitivity troponin cartridge cost per attendance accounts for an
estimated 10% of cartridges being discarded due to storage issues,
mishandling, device errors, or other unforeseen events.

f Paramedic education costs estimated at an additional 3 hours annually for
6000 staff at a rate of $27.91/h (midpoint of the advanced life support
paramedic pay scale), with additional education occurring during regular
teaching periods (40 hours per year).

g Virtual ED consultant physician annual cost estimated based on hourly rates
for a year 3 consultant ED physician staffing a single statewide virtual ED 24
hours per day 7 days per week (accounting for out-of-hours shift penalties).

h Annual cost estimated based on weekly rates and out-of-hours allowances
for public hospital administration workers (grade 1, level 3).
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nual statewide ambulance caseload of 60 000 patients with
chest pain without ST elevation over the first 5 years of
operation,4 with the additional assumption that approxi-
mately 10% of cartridges might be discarded due to storage is-
sues, mishandling, device errors, or other unforeseen events.

Statistical and Sensitivity Analysis
The primary analysis involved multivariable probabilistic sen-
sitivity analyses used to estimate mean costs and cost differ-
ences among pathways. For probabilities, β-distributions were
used with parameters based on previous literature (Table 1).
A Monte Carlo simulation was performed with 50 000 itera-
tions to determine means and 95% uncertainty intervals (UIs)
for costs per ambulance attendance and statewide annual costs.
Analyses were performed between May 17 and June 25, 2022,
using Excel, version 1808 (Microsoft Corporation) software
with the Ersatz add-in for Monte Carlo simulations.

Several 1-way sensitivity analyses were performed by vary-
ing individual input probabilities over clinically plausible
ranges to assess their association with model results, and
thresholds were calculated if present. Sensitivity analyses were
performed on 6 variables, varying the proportion of patients
(1) for whom the prehospital risk assessment and point-of-
care hsTn assay are complete; (2) who have a positive initial
prehospital troponin level; (3) who avoid a short stay or hos-
pital admission (for suspected ACS not diagnosed as ACS);
(4) who undergo a suspected ACS pathway; (5) who are trans-
ported initially to a nonrevascularization-capable center; and
(6) who are classified as low risk, allowing prehospital dis-
charge (among those with suspected ACS). Three additional
multivariable probabilistic sensitivity analyses were per-
formed using the primary analysis but varying (1) the inpa-
tient cost inputs to the model over a range of 10% to 30%; (2)
the costs of the ambulance attendance over a range of 10% to
100% for patients classified as low risk, reviewed by the vir-
tual ED, and not transported to the hospital in the prehospital
pathway that incorporated prehospital discharge; and (3) the
costs for patients who might be transported to revasculariza-
tion centers unnecessarily if hsTn results are elevated in the
absence of ACS, assuming a 0% to 10% false-positive rate range
and an increase in total ambulance and hospital costs among
these patients ranging from 20% to 50%. Break-even points
and cumulative costs across the first 5 years of operation in

Victoria for each pathway were estimated by including the
costs of equipping the ambulance fleet with the point-of-care
device at the commencement of the 5 years rather than as an
annualized cost.

Results
In total, 188 551 patients with acute chest pain without
ST-segment elevation and with linked emergency and admis-
sion data were transported by Ambulance Victoria to public
hospitals during the study period (eFigure 1 in Supplement 1),
which represented the entry point to the decision tree. Mean
(SD) age was 61.9 (18.3) years, 50.5% were female (49.5% male),
and 2.0% were Indigenous Australian. The percentage of
patients diagnosed with ACS was 9.6%, and 32.3% were ini-
tially transported to nonrevascularization centers. Further de-
tails regarding cohort characteristics and diagnoses in addi-
tion to attendance outcome and disposition within the
Ambulance Victoria–linked chest pain cohort are presented in
eTables 4 and 5 in Supplement 1.

Initial setup costs to equip the ambulance fleet with point-
of-care troponin capabilities were estimated at $4.97 million
(iStat devices, $4.86 million; simulator devices, $0.11 mil-
lion), equating to an annual expenditure of $0.99 million as-
suming a device life span of 5 years. For the pathway without
prehospital discharge, annual costs, including setup ($4.97 mil-
lion), hsTn cartridges ($0.74 million), paramedic education
($0.50 million), and device replacements ($0.05 million), were
estimated at $2.27 million. For the pathway with prehospital
discharge, annual virtual ED costs were estimated at $2.33
million, equating to a total annual cost of $4.60 million.

Primary Analysis
Mean cost per attendance and mean annual costs for each
pathway in the primary multivariable probabilistic sensitiv-
ity analysis are shown in Table 2. Annual cost savings for the
prehospital point-of-care troponin pathway without prehos-
pital discharge was $6.45 million (95% UI, $0.59-$16.52 mil-
lion), with prehospital discharge using the HEART risk score
saving $42.84 million (95% UI, $19.35-$72.26 million) and
prehospital discharge using the ECAMM score saving $71.84
million (95% UI, $36.54-$116.14 million). From the 50 000

Table 2. Estimated Costs and Savings Using a Prehospital Point-of-Care Troponin Testing and Paramedic Risk Stratification Pathway
Compared With Existing Care

Scenario

Cost per attendance, Australian $ Total annual cost, millions of Australian $a

Mean (95% UI)b Difference (95% UI)b Mean (95% UI)b Difference (95% UI)b

Existing care pathway 6773 (6722 to 6826) NA 406.37 (403.30 to 409.53) NA

Prehospital hsTn pathway

Without prehospital discharge 6665 (6485 to 6812) −107 (−275 to 10) 399.92 (389.11 to 408.75) −6.45 (−16.52 to 0.59)

With prehospital discharge (HEART) 6059 (5564 to 6456) −714 (−1204 to −323) 363.53 (333.81 to 387.37) −42.84 (−72.26 to −19.35)

With prehospital discharge (ECAMM) 5575 (4837 to 6164) −1197 (−1936 to −609) 334.52 (290.22 to 369.83) −71.84 (−116.14 to −36.54)

Abbreviations: ECAMM, Early Chest Pain Admission Mortality and Myocardial
Infarction; HEART, history, electrocardiogram, age, risk factors, and troponin;
hsTn, high-sensitivity troponin; NA, not applicable; UI, uncertainty interval.
a Based on 60 000 ambulance attendances for chest pain without ST-segment

elevation per year in Victoria, Australia.
b The 95% UIs are based on output of probabilistic sensitivity analysis using

Monte Carlo simulation with 50 000 iterations.
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Monte Carlo iterations, the prehospital troponin model was
cost minimizing in 94.1% of iterations without prehospital
discharge and 100% of iterations with prehospital discharge
(both HEART and ECAMM scores).

Sensitivity Analyses
Results were robust in univariable sensitivity analysis
with variation of 6 input parameters across their respective
probability ranges (Figure 2; eFigure 2 in Supplement 1).
The hsTn pathway without prehospital discharge was
no longer cost saving if the percentage of patients with
suspected ACS avoiding a short stay or hospital admission
was less than 0.2%. No thresholds were identified for any
of the other input parameters, with pathways 2 and 3
remaining cost minimizing in all other scenarios. In each
of the further multivariable probabilistic sensitivity analy-
ses, results were comparable to the primary analysis,
accounting for higher inpatient costs, higher ambu-
lance costs, and false-positive hsTn tests (eTables 6-8 in
Supplement 1).

Cumulative Costs Over Time
When considering point-of-care device costs to equip the
ambulance fleet as an initial cost of $4.97 million rather than
an annualized cost over 5 years, the break-even point was
estimated at day 121 for pathway 2, day 33 for pathway 3
using the HEART score, and day 19 for pathway 3 using the
ECAMM score (Figure 3). The estimated cost savings over a
5-year period in Victoria would be $64.66, $258.93, and
$462.87 million for each pathway, respectively.

Discussion
In this economic evaluation, we performed a cost-
minimization modeling analysis to assess the cost differ-
ences of using prehospital risk stratification and point-of-
care troponin testing in patients attended by ambu-
lance with acute chest pain based on assumed outcome
equivalence with respect to short-term cardiac events
and mortality.10 Despite initial setup costs of $4.97 million

Figure 2. Univariable Sensitivity Analyses of Prehospital Risk Stratification and Point-of-Care Troponin Assay Costs
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The prehospital model without discharge was no longer cost saving if the percentage of cases of suspected acute coronary syndrome (s-ACS) avoiding an admission
was less than 0.2%.
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and annual costs associated with hsTn cartridges (and
virtual ED staffing in the case of prehospital discharge),
prehospital risk stratification and troponin measure-
ment was estimated to result in annual cost savings of
$6.45 million without using prehospital discharge and
$42.84 to $71.84 million if prehospital discharge with
the HEART or ECAMM risk score was used. Sensitivity analy-
ses revealed that the risk assessment model without pre-
hospital discharge was robust to variations in input param-
eters, with no thresholds identified whereby the prehospital
troponin models would become more expensive than
existing care, except for the model without prehospital
discharge if admission rates were reduced by less than
0.2%. Cumulative cost savings over 5 years in Victoria
were estimated at approximately $259 million with prehos-
pital discharge and $65 million without prehospital dis-
charge for low-risk patients. These data suggest that invest-
ment in prehospital risk assessment and point-of-care
troponin testing is likely to be viable based on cost
savings alone and should be considered by policy makers
provided that safety can be confirmed in further prospective
studies.

Several studies have shown that paramedic risk assess-
ment and point-of-care troponin testing are feasible in the
prehospital setting, with minimal delays in transport times
to the hospital.5-10 In some studies, prehospital blood draws
for immediate testing on arrival to the ED have been associ-
ated with reduced ED length of stay, results that might be
extrapolated to prehospital point-of-care troponin testing.6,8

In the Netherlands, 1 trial using prehospital risk assessment
and serial point-of-care troponin testing (via 2 ambulance
visits) categorized 28% of the cohort as low risk, with these
patients referred to other health services rather than being
transported to the ED with similar outcomes.10 Several trials
are under way or planned, and if the safety of nontransport
for low-risk patients can be clearly established, there may be
substantial benefits for health systems in reducing hospital
overcrowding and ambulance offload delays and for patients
in reducing assessment times, as well as reductions in
costs.25,26

While the barrier costs of fleetwide point-of-care
devices, paramedic training, hsTn cartridges, and virtual
EDs are substantial, our study suggests that these could be
outweighed by cost savings and would be recovered in the
first year of operation. Importantly, we found that there may
be reduced costs with prehospital risk stratification and
point-of-care troponin testing, even if the current paradigm
of transporting all patients to the hospital regardless of
risk is maintained. The cost of virtual EDs to assess low-risk
patients was borne by chest pain in our model but would
have benefits for other emergency medical services and
ED presentations and represents a conservative cost-savings
estimate. Also important to note is that most follow-up costs
after a chest pain presentation, such as local medical officer
review, may occur regardless of pathway. Single-rule-out
hsTn testing protocols for low-risk patients are common in
many EDs, and achieving a small reduction in admission
rates by patients arriving at EDs with completed point-of-

care troponin tests seems reasonable, although this could
be influenced by differences in local protocols, staff prac-
tices, and facilities, which were not tested in this study.
In the Randomised Assessment of Treatment Using Panel
Assay of Cardiac Markers (RATPAC) trial, which randomly
assigned patients to point-of-care or standard protocol con-
temporary troponin testing in UK EDs, rates of successful
discharge and median length of stay were improved, but
there were no improvements in overall hospital bed use.24,27

Impacts on length of stay and cost in the RATPAC trial
were beneficial at some hospitals and detrimental at others,
suggesting that savings could be substantially attenuated
if point-of-care testing leads to changes in local clinical
processes.28

Figure 3. Estimated Cumulative Costs Over Time for Ambulance
Attendances for Chest Pain With a Prehospital Risk Stratification
and Point-of-Care Troponin Model
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Shown are estimated cumulative costs for the first 180 days, with setup costs
estimated at $4.97 million assuming 60 000 chest pain presentations per year
in Victoria, Australia (population at risk, 6.7 million people), and estimated
cumulative costs for the first 5 years. The break-even point was 121 days for the
prehospital model without prehospital discharge (dotted blue line), 33 days
with prehospital discharge using the history, electrocardiogram, age,
risk factors, and troponin (HEART) risk score (dotted green line), and 19 days
with prehospital discharge using the Early Chest Pain Admission Mortality and
Myocardial Infarction (ECAMM) score (dotted red line).

Chest Pain Management Using Prehospital Point-of-Care Troponin and Paramedic Risk Assessment Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine March 2023 Volume 183, Number 3 209

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Poria Medical Center by Eran Or on 05/16/2023

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2022.6409


Limitations
This study has several limitations. First, data assessing
paramedic-led risk stratification and point-of-care troponin
testing are emerging, and while some data are available to
suggest noninferiority for early cardiac events,10 the safety
of nontransport to the hospital needs to be further estab-
lished in larger studies. Second, the analysis assumes the use
of hsTn assays rather than contemporary troponin assays,
with 1 study finding that the latter were unable to safely
exclude ACS in the prehospital setting.9 Similarly, this analy-
sis assumes no change in downstream testing and does not
factor in costs associated with facilities of downstream test-
ing, which might be associated with differences such as
those observed in the RAPID-TnT trial.29 Third, we assessed
direct health care costs for each attendance without
accounting for other fixed ambulance, ED, and hospital costs
that remain present if case volume is lowered. Fourth, the
ECAMM risk score for undifferentiated chest pain requires
prospective validation prior to use. Fifth, while virtual EDs
are used by some centers for non–chest pain cases in our
region to reduce overcrowding, their proposed use as
detailed in this study remains theoretical and requires fur-

ther validation. Sixth, lower index attendance costs may not
necessarily translate to lower annual costs if the model
results in higher readmission rates following the attendance,
such as that seen in a cost analysis comparing 0/1- vs 0/3-
hour rapid rule-out troponin protocols.30

Conclusions
The findings of this cost-minimization study suggest that
implementing ambulance-based prehospital risk stratifica-
tion and point-of-care troponin testing for acute chest pain
presentations may result in substantial reductions in costs. Cost
savings were identified regardless of whether low-risk pa-
tients with chest pain were transported to the hospital or re-
ferred to other medical services, although savings were greater
with the latter approach. These data should be considered by
policy makers and emergency medical services organiza-
tions in decisions surrounding the potential utility of prehos-
pital chest pain risk stratification and point-of-care troponin
models provided that safety can be confirmed in further
prospective studies.
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Editor’s Note

Are We Ready for Prehospital Troponin Testing?
Isabel R. Ostrer, MD; Tracy Y. Wang, MD, MHS, MSc

Nearly 10% of emergency medical service (EMS) encounters
in the US are for chest pain.1 Personnel for EMS perform ini-
tial triage and stabilization; some are empowered to interpret
electrocardiograms and activate hospital catheterization

laboratories. The study by
Dawson et al2 in this issue
of JAMA Internal Medicine

modeled potential cost savings of troponin testing for prehos-
pital triaging of patients with chest pain. The study con-
cluded that implementing such a strategy could realize cost sav-
ings by appropriately triaging patients to lower levels of care.

There is precedent for EMS to triage patients to the appro-
priate level of care. Protocols for EMS are commonly used to

determine which patients need level 1 trauma care. For pa-
tients with neurologic symptoms, studies have shown effec-
tive EMS triage of patients with acute stroke to hospitals with
endovascular intervention capability while safely steering
patients with stroke mimics, such as hypoglycemia, to less
critical resource use settings. The use of point-of-care testing
to triage patients, except for glucose testing, is not currently
routine EMS practice.

While point-of-care testing is a concept ideally suited to
rapid diagnostic algorithms, it should be compared with out-
comes and costs of standard chest pain evaluation protocols.
Point-of-care troponin testing devices were only recently ap-
proved by the US Food and Drug Administration, and agree-
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