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Abstract

Aims Patients with suspected non-ST-segment elevation acute coronary syndrome (NSTE-ACS) are routinely transferred to the
emergency department (ED). A clinical risk score with point-of-care (POC) troponin measurement might enable ambulance
paramedics to identify low-risk patients in whom ED evaluation is unnecessary. The aim was to assess safety and healthcare
costs of a pre-hospital rule-out strategy using a POC troponin measurement in low-risk suspected NSTE-ACS patients.

Methods This investigator-initiated, randomized clinical trial was conducted in five ambulance regions in the Netherlands. Suspected

and results NSTE-ACS patients with HEAR (History, ECG, Age, Risk factors) score <3 were randomized to pre-hospital rule-out with

POC troponin measurement or direct transfer to the ED. The sample size calculation was based on the primary outcome of
30-day healthcare costs. Secondary outcome was safety, defined as 30-day major adverse cardiac events (MACE), consisting
of ACS, unplanned revascularization or all-cause death. : A total of 863 participants were randomized. Healthcare costs
were significantly lower in the pre-hospital strategy (€1349 + €2051 vs. €1960 + €1808) with a mean difference of €611
[95% confidence interval (Cl): 353-869; P <0.001]. In the total population, MACE were comparable between groups
[3.9% (17/434) in pre-hospital strategy vs. 3.7% (16/429) in ED strategy; P=0.89]. In the ruled-out ACS population,
MACE were very low [0.5% (2/419) vs. 1.0% (4/417)], with a risk difference of —0.5% (95% Cl —1.6%-0.7%; P=0.41) in
favour of the pre-hospital strategy.
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Conclusion Pre-hospital rule-out of ACS with a POC troponin measurement in low-risk patients significantly reduces healthcare costs
while incidence of MACE was low in both strategies.

Trial Clinicaltrials gov identifier NCT05466591 and International Clinical Trials Registry Platform id NTR 7346,

registration

Structured Graphical Abstract

Key Question
What is the impact on 30-day healthcare costs and incidence of major adverse cardiac events of pre-hospital rule-out of non-ST-segment

elevation acute coronary syndrome (NSTE-ACS) with a single point-of-care troponin in low-risk patients, as compared to transfer to the
emergency department (ED)?

Key Finding

* Mean 30-day healthcare costs were significantly lower (-€ 611) in the pre-hospital strategy.

* Incidence of 30-day major adverse cardiac events was comparable between groups.

* In patients with ruled-out NSTE-ACS, the risk of major adverse cardiac events was very low.

Take Home Message

Pre-hospital rule-out of NSTE-ACS in low-risk patients leads to a significant reduction in healthcare costs and is associated with a very
low incidence of major adverse cardiac events.

QRﬂCA

Low-risk patients with 863
suspected NSTE-ACS randomized

434 pre-hospital strategy
POC troponin at home

429 ED strategy
Standard transfer to ED

Aim
to assess the safety and healthcare costs reduction at 30 days of pre-hospital rule-out
of NSTE-ACS with a single POC troponin measurement in low-risk patients

Pre-hospital strategy ED strategy Risk difference (95% ClI)
Total population (n=863)
MACE at 30 days 17/434 (3.9%) 16/429 (3.7%) 0.2% (-2.4% to 2.7%)
Ruled-out ACS population (n=836)
MACE at 30 days 2/419 (0.5%) 4/417 (1.0%) -0.5% (-1.6% to 0.7%)
Pre-hospital strategy ED strategy Mean difference (95% ClI)
30-day healthcare costs, mean (x SD) €1349 (€2051) €1960 (€1808) €611 (€353 to €869)

ACS, acute coronary syndrome; Cl, confidence interval; ED, emergency department; MACE, major adverse cardiac events; NSTE-ACS, non-ST-ele-
vation acute coronary syndrome; POC, point-of-care

Keywords Point-of-care troponin * Risk stratification ¢ Acute coronary syndrome ¢ HEART score * Pre-hospital triage
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Introduction

Emergency department (ED) overcrowding is a growing phenomenon,
which is associated with increased length of stay, worse patient out-
comes and high costs." According to current guidelines, patients with
suspected non-ST-segment elevation acute coronary syndrome
(NSTE-ACS) are routinely transported to the ED.** Of all ED visits,
about 10% consists of patients with chest pain suspected of
NSTE-ACS®, and this number is increasing.> At the same time, 80%—
90% of these patients do not have an actual ACS.5~® Especially in low-
risk patients, ACS is rarely found.”'® ED visits for chest pain often
include costly additional testing and prolonged in-hospital stay, from
which low-risk patients are not likely to benefit.>'"~"* Therefore, the
current management of chest pain in the ED contributes to ED over-
crowding.14 Pre-hospital risk stratification of chest pain patients has
been shown to help to reduce ED overcrowding and reduce costs."
The HEART [History, Electrocardiogram (ECG), Age, Risk factors
and Troponin] score is a simple and well validated tool for risk stratifi-
cation of chest pain patients in the ED, with a very strong overall inter-
operator reliability, regardless of the level of education of healthcare
professionals.'®'®> When a point-of-care (POC) troponin measure-
ment is incorporated in the HEART score, ambulance paramedics
can adequately identify low-risk patients by pre-hospital HEART score
assessment.'®"” However, rule-out of NSTE-ACS in the pre-hospital
setting has not been investigated in a randomized trial and its impact
on healthcare costs is currently unknown. Therefore, the ‘Acute rule-
out of non-ST-segment elevation acute coronary syndrome in the
(pre)hospital setting by HEART score assessment and a single
point-of-care troponin’ (ARTICA) randomized trial assessed the
30-day healthcare costs and incidence of major adverse cardiac events
(MACE) of a pre-hospital rule-out strategy for patients with suspected
NSTE-ACS.

Methods

Trial design

The ARTICA trial is an investigator-initiated, multicentre, open-label,
randomized controlled trial in five ambulance regions in the
Netherlands, with a total of 112 ambulances and 552 ambulance para-
medics. Combined, these regions have a population of ~2.5 million
people. All ambulance paramedics were trained as sub-investigators
in order to be able to include patients in the trial. The mandatory train-
ing for ambulance paramedics consisted of on-site sessions, online ses-
sions, scheduled online ‘frequently asked questions’ sessions, an
instruction video and an e-learning module with a final test. The train-
ing was designed to instruct the ambulance paramedics on how to cal-
culate the HEAR score, how to perform informed consent, how to
perform randomization and how to perform POC troponin measure-
ments. Examples of the training materials are available in the
Supplementary material online, Supplementary Appendix. In the
Netherlands, ambulance paramedics are registered nurses with bach-
elor degrees in nursing and at least two subsequent specializations in
critical care nursing. Every participating ambulance region had at least
one ambulance paramedic who was appointed to coordinate the
ARTICA trial within their respective region. The trial design has been
published previously.' A clinical research organization (Radboud
University Technology Centre Clinical Trials) was responsible for main-
taining and monitoring the patient data. An independent and blinded
Clinical Events Committee (CEC) was installed to adjudicate MACE.
A Data and Safety Monitoring Board (DSMB) oversaw the trial and per-
formed interim analyses after 200, 500 and 750 recruited patients.

Following each of these board meetings, the DSMB concluded after
analysis of the number of adverse events and serious adverse events
that there were no safety issues and that the trial could continue as
planned. The members of the DSMB and CEC are listed in the
Supplementary material online, Supplementary Appendix. The study
was conducted according to the principles of the Declaration of
Helsinki and in accordance with the Medical Research Involving
Human Subjects Act (WMO) and the statements of the
Dutch Central Committee on Research Involving Human Subject
(CCMO). The trial was approved by the medical ethics committee
Oost-Nederland, the Netherlands on 27 November 2018
(NL66755.091.18).

HEAR clinical risk score

The HEAR score includes the history, ECG, age and risk factors compo-
nents of the total HEART score (see Supplementary material online,
Figure ST). The history component was given 2 points for highly suspi-
cious symptoms, 1 point for moderately suspicious symptoms and
0 points for slightly suspicious symptoms. The ECG component was gi-
ven 2 points in case of significant ST-segment depressions, 1 point in case
of non-specific repolarization disturbances, a left bundle branch block or
a ventricular paced rhythm and 0 points in case of a normal ECG. The age
component was given 2 points if the patient was 65 years or older,
1 point if the patient was 45 to 64 years and O points if the patient
was below 45 years. The risk factors component was given 2 points if
the patient had a history of atherosclerotic disease (coronary revascular-
ization, myocardial infarction, stroke, or peripheral artery disease) or
three or more risk factors, 1 point if the patient had one or two risk fac-
tors and O points in the absence of risk factors. The risk factors that were
scored were active or recent (<90 days) smoking, hypertension, dia-
betes mellitus, obesity [body mass index (BMI) > 30 kg/m?], hyperchol-
esterolaemia and positive family history. Before informed consent was
provided, the individual components of the HEAR score were entered
into the case report form, resulting in an automatically calculated
HEAR score.

Participants

The study population consisted of low-risk chest pain patients with sus-
pected NSTE-ACS, who had an onset of symptoms at least 2 h before am-
bulance presentation. Low-risk was defined as a HEAR score <3. The
patients either called the emergency number or were reported by their
general practitioner (GP) for emergency evaluation by ambulance person-
nel. In all patients, an on-site 12-lead ECG was performed and evaluated
by ambulance paramedics and if there was any doubt, the ECG could be
transmitted for immediate evaluation by an independent cardiologist. The
patients were screened by ambulance paramedics, after which the patients
were invited to participate in the study by the ambulance paramedics. In or-
der to aid the ambulance paramedics in informing the patients, an animated
version of the trial information for patients was available in all ambulances.
Patients were not eligible for inclusion if they were suspected of another
diagnosis requiring ED presentation [e.g. aortic dissection or pulmonary
embolism (PE)] or if they were unable to provide written informed consent.
The complete list of inclusion and exclusion criteria is provided in the
Supplementary material online, Supplementary Appendix (Supplementary
material online, Table S1).

Randomization

After providing written informed consent, patients were randomized to ei-
ther the pre-hospital rule-out strategy or the ED rule-out strategy using
Castor Electronic Data Capture (Castor EDC). The randomization algo-
rithm performed a 1:1 randomization and included a variable block random-
ization with block sizes of 4, 6 or 8.
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Intervention
In the pre-hospital rule-out strategy, patients underwent an on-site POC
troponin T measurement. If POC troponin T was low (<40 ng/L), the
care for the patient was transferred to the GP, as is the normal procedure
in patients who are not transported. If POC troponin T was elevated
(>40 ng/L), the patient was mandatory transported to the ED.

Patients in the ED rule-out strategy were transferred directly to the ED
for evaluation without POC troponin measurement and evaluated accord-
ing to standard practice.

Procedures

In the pre-hospital rule-out strategy, POC troponin T was measured using
the Cobas h232 (Roche diagnostics, Basel, Switzerland). The detection lim-
its are 40-2000 ng/L. Concentrations of 40-2000 ng/L on this assay are
comparable to high-sensitivity troponin T concentrations in the labora-
tory."” The 99th percentile of normal on the laboratory high-sensitivity
troponin T assay is 14 ng/L, which is below the detection limit of the
Cobas h232. All ambulances were equipped with a refrigerator to store
the strips at 2-8°C. Blood (150 pL) was obtained in a heparinized tube
by venepuncture or venous line. The results were available after 12 min.
Every seven days, the Cobas h232 was automatically locked until functional
testing of the optical system was performed with an internal quality control.
Every year, all devices were maintained and tested with external quality
controls.

In the ED rule-out strategy, high-sensitivity troponin (T or |) was mea-
sured at the ED according to the prevailing guidelines. Additional diagnostic
tests were at the discretion of the cardiologist.

Follow-up was performed for all patients after 30 days by contacting the
patients by telephone and e-mail. If patients visited a hospital, that hospital
was contacted to collect all data on procedures and events. In case of non-
response of the patient, the GP and hospital were contacted. Data were
collected on all healthcare resource use and productivity losses (assessed
by the Institute for Medical Technology Assessment Productivity Cost
Questionnaire).18'20

Healthcare resource use and cost prices

Healthcare resource use data were collected for all randomized patients.
The cost prices were determined according to the 2018 reference list of
the Dutch National Healthcare Institute.?’ Hospital procedure costs
were based on standard 2018 list prices and the diagnosis-treatment com-
bination, which is the current reimbursement system in the Netherlands.
This diagnosis—treatment combination is comparable to the diagnosis-
related group system in other countries.”> No standard cost prices were
available for a POC troponin measurement and an ambulance visit without
transporting the patient. Since no formal costing was available for these ele-
ments, the current cost analysis did not take into account additional costs
for the POC troponin measurement, nor additional savings for not trans-
porting the patient in the pre-hospital rule-out strategy. Hence, in the cur-
rent analysis, the costs for the index ambulance visit were considered equal
in both strategies. Supplementary material online, Table S2 shows a detailed
description of the average prices of ambulance transportations, hospital vis-
its, procedures, hospitalizations, GP visits and additional tests.

Outcomes

The primary outcome was costs from a healthcare perspective at 30 days.
Healthcare costs consisted of all costs related to healthcare consumption
in-hospital, diagnostic tests and GP consultations. MACE at 30 days were
a secondary outcome, which was defined as one or more of the following
events: ACS, unplanned revascularization or all-cause death. MACE at
30 days were compared between groups in the total population and in
the ruled-out ACS population (all patients for whom an ACS was ruled
out, either in the pre-hospital setting or in the ED). Costs from a societal
perspective were a secondary outcome, which was defined as the sum of
the healthcare costs and the productivity loss costs.

Statistical analysis

For the primary outcome, the mean cost difference was estimated to be
€507 in an intention-to-treat analysis.'® A small effect size [0.2 standard de-
viation (SD)] and equal SD in both groups were assumed. A sample size of
392 per group was estimated to achieve 80% power to detect a difference
of €507 between both groups with an alpha of 0.05 using a two-sample
t-test. To compensate for potential loss to follow-up, the sample size was
increased to a total of 866 patients. The complete statistical analysis plan
is included in the Supplementary material online, Supplementary Appendix.

For the cost analysis, mean differences and 95% confidence intervals (Cls)
for differences were calculated (univariable analysis). To take potentially
skewed distribution into account as well as possible heteroscedasticity, a
generalized linear model (GLM) with gamma distribution was included.
Continuous data were summarized as means + SD or medians [interquartile
ranges (IQRs)]. Categorical data were summarized by frequencies and percen-
tages. Categorical variables were reported as (relative) frequencies and com-
pared using the chi-squared test or Fisher’s exact test, whichever was most
appropriate. Pre-specified subgroups included sex, diabetes mellitus and age
(<64 years vs. >65 years). For the subgroups, mean cost differences and
95% Cl for differences were calculated. Data analyses were performed using
the software package Stata version 16 (StataCorp LLC, College Station, TX,
USA) or SPSS statistics version 25 (IBM, Armonk, NY, USA).

For the MACE endpoint, 30-day incidence was calculated in both groups
in the total population and in the ruled-out ACS population. Risk differences
were calculated along with 95% CI.

In post hoc analyses, the ambulance on-scene time, transportation time
and time to availability were calculated and expressed as medians (IQR).
On-scene time was defined as the interval (in minutes) from the time of ar-
rival at the location of the patient to the time of departure. Transportation
time was defined as the interval (in minutes) from the time of departure
from the location of the patient to the time of arrival at the hospital.
Time to availability was defined as the interval (in minutes) from the time
of arrival at the location of the patient to the time the ambulance was avail-
able for a new call. On-scene times and times to availability were compared
between both strategies using the Wilcoxon rank sum test.

Patient and public involvement

A patient member of the Harteraad (a Dutch patient federation for cardio-
vascular patients) was involved in the development of patient information.
During the development of the trial information (i.e. patient information let-
ters, letter to the general practitioner), valuable feedback was given which
helped to improve the quality of these documents. During the conduct of
the trial, the patient representative provided advice to the ambulance per-
sonnel on how to perform informed consent and how to increase commu-
nication skills from a patient perspective.

Results

Participants

From 1 March 2019 to 4 May 2022, 1138 patients were screened and a
total of 866 randomizations were performed. Three patients were ex-
cluded from the analyses because of withdrawn informed consent (n =
3). No patients were lost to follow-up, resulting in a total of 863 patients
available for analyses. The consort flow chart is depicted in Figure 1. Mean
age was 54 + 13 years and 57% of the patients were female. Median
HEAR score was 3 (IQR 2-3). Median on-scene time was 63 min (IQR
52-73) in the pre-hospital rule-out strategy and 39 min (IQR 32-48) in
the ED rule-out strategy (P < 0.001). The median ambulance time to avail-
ability was 70 min (IQR 58-88) in the pre-hospital rule-out strategy and
76 min (IQR 63-89) in the ED rule-out strategy (P=0.006). The median
on-scene times and times to availability are shown in Figure 2. Median
transportation time was 15 min (IQR 8-19). Elevated POC troponin


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad056#supplementary-data
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1138 Patients assessed for eligibility

272 Excluded
¢ 147 HEAR score >3

* 21 onset symptoms <2 hours ago
* 15 met exclusion criteria
* 89 provided no IC

\ 4

- 866 Randomised —

A 4

A 4

435 Pre-hospital rule-out strategy
(POC troponin measurement)

431 ED rule-out strategy
(immediate transfer to ED)

1 Excluded from analysis
* 1IC withdrawn

A 4

.| 2 Excluded from analysis
| » 21IC withdrawn

A 4

434 Included in primary analysis

429 Included in primary analysis

A 4

A 4

15 ACS ruled-in
419 ACS ruled-out

12 ACS ruled-in
417 ACS ruled-out

Figure 1 Flow chart of recruitment and participants. ED, emergency department; HEAR score, History Electrocardiogram Age Risk factors score; IC,

informed consent; POC, point-of-care.

was observed in 4.1% of patients in the pre-hospital rule-out strategy and
these patients were all transported to the ED. 8.5% of patients in the pre-
hospital rule-out strategy were transferred to the ED because of elevated
POC troponin (n = 18), failed POC troponin test (n = 12) or decision of
the GP (n=7). In 836 patients (96.5% of the total population), ACS was
ruled-out, either in the pre-hospital setting or at the ED. Baseline charac-
teristics were well balanced and are shown in Table 1.

MACE in the total population

In the total population, MACE within 30 days occurred in 17/434 (3.9%)
patients in the pre-hospital rule-out strategy vs. 16/429 (3.7%) patients
in the ED rule-out strategy, with a point estimate for the risk difference
of 0.2% (95% Cl —2.4% to 2.7%, P=0.89) (Figure 3). In the pre-hospital
rule-out strategy, 17 (3.9%) patients had an ACS, of which four patients
(0.9%) had an ST-segment elevation myocardial infarction (STEMI), 12
(2.8%) patients received unplanned revascularization and no patients
died. A total of 15 of these 17 patients were directly transferred to
the ED because they did not have low POC troponin.

Safety of the pre-hospital rule-out strategy
In the ruled-out ACS population, MACE within 30 days occurred in 2/
419 (0.5%) patients in the pre-hospital rule-out strategy vs. 4/417

(1.0%) patients in the ED rule-out strategy, with a point estimate for
the risk difference of —0.5% (95% Cl: —1.6% to 0.7%, P=0.41). In the
pre-hospital rule-out strategy, two (0.5%) patients had an ACS, two
(0.5%) patients received unplanned revascularization and no patients
died after an ACS was ruled-out in the pre-hospital setting. In the ED
rule-out strategy, three (0.7%) patients had an ACS, three (0.7%) patients
received unplanned revascularization and one (0.2%) patient died after an
ACS was ruled-out at the ED. Of the four patients with a STEMI, three
patients had normal ECGs and elevated POC troponin concentrations at
home, after which ST-segment elevations were observed in the ED. In
one patient, the GP decided not to refer the patient to the ED because
the ECG and POC troponin measurement were normal. Two days later,
the patient called the emergency number because of recurrence of chest
pain, after which the ECG showed ST-segment elevations. In the ED rule-
out strategy, 15 (3.5%) patients had an ACS, of which zero patients had a
STEMI, 13 (3.0%) patients received unplanned revascularization, and one
(0.2%) patient died after an out-of-hospital cardiac arrest 1 week after
visiting the ED.

PE occurred in 2/434 (0.5%) patients in the pre-hospital rule-out strat-
egy and in 1/429 (0.2%) patient in the ED rule-out strategy. No aortic dis-
sections occurred in the total study population. Final diagnoses of all
patients are provided in Supplementary material online, Table S3.
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Table 1 Baseline characteristics

Age (years), mean = SD

Female sex, n (%)

HEAR score, median (IQR)

History score*, median (IQR)

ECG score*, median (IQR)

History of atherosclerotic disease, n (%)
Hypertension, n (%)

Diabetes mellitus, n (%)

Current smoker, n (%)
Hypercholesterolaemia, n (%)

Family history, n (%)

BMI >30 kg/m?, n (%)

Onset of symptoms >24 h, n (%)
Onset of symptoms <24 h, n (%)
Onset (hours) of symptoms (if onset <24 h), mean + SD
Elevated troponin, n (%)

Heart rate (bpm), mean + SD

Systolic blood pressure (mm Hg), mean + SD

Pre-hospital rule-out strategy

ED rule-out strategy

n=434 n=429
............. 537(131)532(125)
247 (56.9) 248 (57.8)
3(2-3) 3(2-3)
0 (0-1) 1(0-1)
0 (0-0) 0(0-0)
34 (7.8) 23 (5.4)
85 (19.6) 71 (16.6)
22 (5.1) 14 (33)
112 (25.8) 110 (25.6)
37 (85) 35(82)
155 (35.7) 152 (35.4)
86 (19.8) 80 (18.6)
130 (30.0) 123 (28.7)
304 (70.0) 306 (71.3)
7.1 (5.2) 6.8 (5.3)
18 (4.1) 24 (5.6)
77.9 (13.2) 774 (13.4)
146.0 (20.5) 1451 (21.2)

BMI, body mass index; ECG, electrocardiogram; ED, emergency department; HEAR, History, ECG, Age and Risk factors; IQR, interquartile range; SD, standard deviation. *According to

the HEAR score.

Healthcare costs

Costs from a healthcare perspective at 30 days were significantly
lower in the pre-hospital rule-out strategy (€1349 +€2051 vs.
€1960 + €1808), with a mean difference of €611 (95% Cl: €353 to
€869), P<0.001) (Table 2). This difference was mainly driven by
the costs of ED visits and their associated diagnostic tests (ECGs,
screening blood tests, second troponin measurements and chest
X-rays). Of all patients in the pre-hospital rule-out strategy, 13.6%
had one ED visit (n=159), 1.2% had two or more ED visits (n=15),
7.4% were hospitalized (n = 32) and 4.8% were hospitalized directly
after the initial transport to the hospital (n=21). Of all patients in
the ED rule-out strategy, 95.8% had one ED visit (n=411), 4.2%
had two or more ED visits (n=18), 9.8% were hospitalized (n=
42), and 8.4% were hospitalized directly after the initial transport
to the hospital (n = 36). The individual components of the healthcare
costs are listed in Table 3. The GLM showed similar results to the
T-tests: costs difference of €611 (standard error €131, 95% Cl:
€353-€869).

Costs of productivity losses showed no significant difference be-
tween the groups (€785 + €1646 vs. 893€ + €1757), with a mean differ-
ence of €108 (95% Cl: €-128-€344, P=0.37). Costs from a societal
perspective were significantly lower in the pre-hospital rule-out strat-
egy (€2157 +€2900 vs. €2842 +€2819), with a mean difference of
€685 (95% Cl: €289-€1081, P=0.001).

The pre-specified subgroup analyses were underpowered but are
available in Supplementary material online, Table $4.

Prescribed medications (in the hospital or by the GP) are shown in
Supplementary material online, Table S5. Proton pump inhibitors, analge-
sics and other medications (e.g. antiemetics and inhaled medications)
were significantly more frequently prescribed in the ED rule-out strategy,
whereas aspirin, P2Y12-inhibitors, statins, betablockers and antihyper-
tensive medication did not differ between both strategies.

Discussion

Principal findings

Our trial shows that pre-hospital rule-out of NSTE-ACS in low-risk pa-
tients by a single POC troponin measurement results in a significant re-
duction of healthcare costs in the first 30 days and that incidence of
MACE is low in both strategies (Structured Graphical Abstract). In pa-
tients for whom an ACS was ruled out (either at home or at the
ED), MACE at 30 days was very low and occurred in only 0.5% of
the patients in the pre-hospital rule-out strategy, vs. 1.0% of the pa-
tients in the ED rule-out strategy. In this study, 8.5% of the patients
in the pre-hospital rule-out strategy were directly referred to the ED
of whom only seven patients (1.6%) with a low POC troponin were re-
ferred to the ED by the GP.

Safety

Previous observational studies have shown that HEAR score assess-
ment in combination with a POC troponin measurement by ambulance
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paramedics is a feasible stt’alteg)f.“""17 The HEART score has been
shown to have a very strong overall inter-operator reliability between
physicians and nurses and compared with physicians at the ED, ambu-
lance paramedics tend to overestimate the history and ECG compo-
nents of the HEART score.'>?3 Also, the risk of mortality and
myocardial infarction is very low in patients with a HEART score
<3.19162% T4 prevent missing very early onset myocardial infarction
with a risk of a low troponin result, patients with symptom onset short-
er than two hours before presentation were excluded from our trial.

MACE occurred in 3.8% of the patients with similar percentages be-
tween groups. However, in the pre-hospital rule-out strategy, most of
the MACE were diagnosed by POC troponin measurement and there-
fore not missed. Hence, the safety of pre-hospital rule-out of
NSTE-ACS is best demonstrated by the comparison of the incidence
of MACE after an ACS is ruled-out in both groups. In the ruled-out
ACS population (96.5% of the total population), MACE occurred in
0.5% of the patients in the pre-hospital strategy vs. 1.0% of the patients
in the ED rule-out strategy, with a risk difference of —0.5% (95% Cl:
—1.6% to 0.7%) in favour of the pre-hospital rule-out strategy. MACE
were a secondary outcome measure and our trial was not formally
powered to conclude that the pre-hospital rule-out strategy is non-
inferior for safety. However, since the incidence of MACE in ruled-out
ACS patients was very low and the risk difference is at most 0.7% higher
in the pre-hospital rule-out strategy, the results of our trial demon-
strate that implementation of the pre-hospital rule-out strategy in rou-
tine practice is likely to be safe. Moreover, when designing a trial

100
+ Time to availabilit;
o - y

P=0.006
80 [ | . On-scene time

70
60
50
40
30
20

Median time (minutes)

Pre-hospital ED
rule-out rule-out
strategy strategy

Figure 2 Median on-scene time and time to availability. ED, emer-
gency department.

Table 2 Costs at 30 days

powered to show non-inferiority for MACE in low-risk patients with
ruled-out ACS by POC troponin measurement, the sample size should
be based on the incidence of MACE in the ruled-out ACS population.
Such a trial would require a total of 17 820 patients, based on a mean
incidence of MACE of 0.7% (observed in our ruled-out ACS popula-
tion) and upper limit of a two-sided 95% Cl to exclude a difference
of more than 0.35% (50% of the incidence). Although a large trial like
that is possible with a large number of international sites involved, it
will require significant funding and time. Another strategy that could
be considered is the implementation of a pre-hospital rule-out strategy
in a large multinational registry with very strict monitoring of clinical
outcomes.

Healthcare costs and overcrowding

Mean healthcare costs were significantly lower in the pre-hospital rule-
out strategy. This difference was mainly driven by the costs of the ED
visits and their associated diagnostic tests. Implementation of this pre-
hospital rule-out strategy in low-risk patients could achieve a significant
reduction in healthcare costs by more efficient use of ambulance ser-
vices and less ED visits.">** A recent study has shown that rule-out
of NSTE-ACS in emergency primary care is cost-effective, which is in
line with our results. In that study, the European Society of
Cardiology 0/1 h algorithm with a high-sensitivity troponin assay in a
hospital laboratory was used to identify low-risk patients, whereas
our study offers an algorithm that does not require a laboratory and
can be performed on-site."® A total of 91.5% of the patients in the pre-
hospital rule-out strategy were not transferred to the ED, while all of
these patients would have been transferred to the ED in the absence
of a pre-hospital strategy. Hence, the pre-hospital rule-out strategy re-
duces the number unnecessary ED visits, which contributes to a reduc-
tion in ED overcrowding. Moreover, no significant differences were
seen in downstream outpatient clinic visits, additional tests outside of
the ED and hospitalizations. Although the POC troponin test requires
the ambulance to stay longer on-site, the ambulance time to availability
was actually shorter in the pre-hospital rule-out strategy. Since the
study procedures (informed consent, case report form, and randomiza-
tion) were performed by ambulance paramedics, the on-scene times in
both strategies were longer than can be expected of routine ambulance
visits. In countries with longer transportation distances and therefore
longer transportation times, the time saved by pre-hospital rule-out
of ACS is expected to be even more. If the pre-hospital rule-out strat-
egy is implemented, considerable cost savings for transporting the pa-
tient will apply to the majority of cases, whereas the time to
availability is also reduced. According to the Dutch Healthcare
Authority, in the year 2018 almost 200000 patients in the
Netherlands were evaluated at the ED for chest pain without a cardiac
diagnosis.?® Given that 39.3% of all chest pain patients visiting the ED

Pre-hospital rule-out strategy

n=434

Healthcare costs (€), mean +SD 1349.42 (2050.83)
784.66 (1646.18)

2157.08 (2899.75)

Productivity loss costs (€), mean + SD

Societal costs (€), mean + SD

ED rule-out strategy = Mean difference (95% CI)  P-value
n=429
e 1 96039 (1 80763) ............ 61 097 (35257_86937) ......... <0001 .
892.61 (1757.02) 107.95 (—127.67-343.56) 037
2842.27 (2815.61) 685.19 (289.30-1081.09) 0.001

Cl, confidence interval; ED, emergency department; SD, standard deviation.
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Table 3 Healthcare resource use at 30 days

Pre-hospital rule-out strategy ED rule-out strategy P-value
n=434 n=429
. One add mona| ambu|ance transport n ( % ) ........................................ 24(55%) ..................................... 10(23%) ........................ O 02 .

Two or more additional ambulance transports, n (%) 2 (0.5%) 0 (0.0%) 0.16
One ED visit, n (%) 59 (13.6%) 411 (95.8%) <0.001
Two or more ED visits, n (%) 5(1.2%) 18 (4.2%) 0.006
No. of additional tests at ED, mean + SD

ECGs 0.56 (1.82) 1.84 (1.87) <0.001

Screening blood tests 0.16 (0.43) 1.04 (0.22) <0.001

Second high-sensitivity troponin measurements 0.08 (0.31) 0.44 (0.51) <0.001

D-dimer measurements 0.04 (0.21) 0.27 (0.44) <0.001

Chest X-rays 0.17 (0.43) 0.62 (0.56) <0.001
One GP consultation, n (%) 338 (77.9%) 132 (30.8%) <0.001
Two or more GP consultations, n (%) 96 (22.1%) 31 (7.2%) <0.001
One outpatient clinic visit, n (%) 54 (12.4%) 46 (10.7%) 0.43
Two or more outpatient clinic visits, n (%) 5(1.2%) 3 (0.7%) 0.49
CT, n (%) 12 (2.8%) 17 (4.0%) 0.33
MRI, n (%) 1(0.2%) 0 (0.0%) 0.32
Echocardiography, n (%) 54 (12.4%) 44 (10.3%) 0.31
Treadmill, n (%) 41 (9.4%) 52 (12.1%) 0.21
Other additional tests, n (%) 61 (14.1%) 59 (13.8%) 0.90
CAG, n (%) 20 (4.6%) 20 (4.7%) 0.97
PCl, n (%) 13 (3.0%) 12 (2.8%) 0.86
CABG, n (%) 1(0.2%) 1(0.2%) 0.99
Hospitalization, n (%) 32 (7.4%) 42 (9.8%) 0.21
Length of hospitalization (days), median (IQR) 0 (0-0) 0 (0-0) 0.24

CABG, coronary artery bypass grafting; CAG, coronary angiography; CT, computed tomography; ED, emergency department; GP, general practitioner; IQR, interquartile range; MRI,

magnetic resonance imaging; PCl, percutaneous coronary intervention.

are low-risk patients, that the Netherlands has 714 ambulances and that
the POC devices can be used for at least five years, the estimated POC
troponin costs are €42,50 per measurement (all-in, including purchase
of 714 POC devices, materials, time for the measurement and time for
the maintenance of the device).'® Therefore, we believe that the reduc-
tion in ambulance costs will outweigh the additional costs for the POC
troponin test, which might further increase the cost savings of the pre-
hospital rule-out strategy. However, according to the current analysis
of the reduced healthcare costs (€611 per patient), the added value
of our pre-hospital rule-out strategy on the Dutch population already
would amount to an estimated €48000000 per year in the
Netherlands alone.

Generalizability

We believe the results of our trial on pre-hospital rule-out of ACS in
low-risk patients are, in general, applicable on a global level, given a well-
functioning healthcare system is available. As mentioned, the HEART

score has a very strong overall inter-operator reliability, regardless of
the level of education.”® HEART score assessment has already been
shown to be applicable in the ED worldwide.'® Pre-hospital rule-out
of ACS has recently been shown to reduce healthcare costs in a trial
in Norway."® Implementation of routine pre-hospital POC troponin
measurement has been shown to effectively identify high-risk patients
in Denmark, whereas pre-hospital HEART score assessment including
a POC troponin measurement has been shown to adequately identify
low-risk patients in the Netherlands and the United States."®"”%”
The Netherlands is a country with highly developed ambulatory care
and short distances. However, despite the short distances, the pre-
hospital rule-out strategy showed significantly shorter ambulance
time to availability. In countries with less ambulance capacity and longer
distances, the benefit of pre-hospital rule-out of ACS could be larger. In
the Netherlands, GPs cooperate to provide urgent primary care on ro-
tation basis in so-called GP-posts, ensuring a gatekeeping function 24/
7.5 Implementation of the pre-hospital strategy therefore also de-
pends on the accessibility of primary care. Furthermore, the average
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Pre-hospital ED rule-out

rule-out Point estimate of the risk difference (95% CI) P-value
strategy
strategy
I
Total population I
|
Total (No) 434 429 !
|
MACE 17(3.9%) 16 (3.7%) L 0.2% (2.4% 10 2.7%)  0.89
|
Acsuytfldcrfrizary 17 (3.9%) 15 (3.5%) e 0.4% (2.1%t02.9%)  0.74
|
Wiploriied 1228%) 13 (3.0%) ol -03% (-2.5% 10 2.0%)  0.82
revascularization I
Death (all cause) 0 (0.0%) 1(0.2%) —t 0.2% (-0.7%t0 0.2%)  0.31
I
Patients with ruled-out ACS I
|
Total (No) 419 417 I
|
MACE 2 (0.5%) 4(1.0%) —— -0.5% (-1.6% 10 0.7%)  0.41
1
Acgl;z;r%fl‘;ary 2 (0.5%) 3(0.7%) —— 0.2% (-1.3%10 0.8%)  0.65
|
Umplbromedl 2.(0.5%) 3(0.7%) — 0.2% (-13% 10 0.8%)  0.65
revascularization I
Death (all cause) 0 (0.0%) 1(0.2%) —+ 0.2% (-0.7% 10 0.2%)  0.32
302 1 0 1 2 3
Favours pre-  Favours ED
hospital rule- rule-out
out strategy strategy

Figure 3 MACE at 30 days. MACE, major adverse cardiac events; ED, emergency department; ACS, acute coronary syndrome.

level of education of ambulance paramedics could be different in other
countries. Therefore, the local healthcare infrastructure should be ta-
ken into account when extrapolating the results of this trial to other
countries.

Limitations

The POC troponin assay is less sensitive than high-sensitivity assays in
the hospital laboratory. Therefore, patients with a low POC troponin
concentration could have mildly increased high-sensitivity troponin
concentrations, which is associated with an increased mortality risk
for which further investigation is necessary.29 However, the combin-
ation of this POC assay and the HEAR score has been shown to identify
low-risk chest pain patients with low MACE incidence. Moreover, all
patients with elevated POC troponin were directly transferred to
the hospital. The study algorithm was primarily focused on ACS rule-
out. However, the incidence of MACE and other emergent cardiovas-
cular events in ruled-out ACS patients in our trial is comparable with
previous observational studies.'®'® The current costs analysis did not
include the additional costs for the POC troponin measurement in
the pre-hospital rule-out strategy. However, additional cost savings
by not transporting the majority of patients were also not included
and we believe that this reduction in ambulance costs will outweigh
the costs of the POC troponin test, which might further increase the
cost savings of the pre-hospital rule-out strategy. Ambulance on-scene
times seem very long, however one should realize that all study

procedures (including data entry in Castor EDC) were performed on
site by the ambulance paramedics.

Conclusion

Pre-hospital rule-out of NSTE-ACS in low-risk patients with the use of
POC troponin testing in combination with a clinical risk score leads to
large healthcare cost reductions and is associated with a very low
MACE occurrence.
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