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Aims Although pre-hospital risk stratification of patients with suspected non-ST-elevation acute coronary syndrome
(NSTE-ACS) by ambulance paramedics is feasible, it has not been investigated in daily practice whether referral
decisions based on this risk stratification is safe and does not increase major adverse cardiac events (MACE). In
Phase III of the FamouS Triage study, it was investigated whether referral decisions by ambulance paramedics based
on a pre-hospital HEART score, is non-inferior to routine management.

...................................................................................................................................................................................................
Methods
and results

FamouS Triage Phase III is a non-inferiority study, comparing the occurrence of MACE before (Phase II) and after
(Phase III) implementation of referral decisions based on a pre-hospital HEART score. In Phase II, all patients were
risk-stratified and referred to the hospital; in Phase III, low-risk patients (HEART score <_ 3) were not referred.
Primary endpoint was MACE (acute coronary syndrome, revascularization, or death) within 45 days. A total of
1236 patients were included. Mean age was 63 years, 43% were female, 700 patients were included in the second
phase and 536 in the third phase in which 149 low-risk patients (28%) were not transferred to the hospital.
Occurrence of 45 days MACE was 16.6% in Phase II and 15.7% in Phase III (P = 0.67). Percentage MACE in low-risk
patients was 2.9% in Phase II and 1.3% in Phase III. After adjustments for differences in baseline variables, the hazard
ratio of 45 days MACE in Phase III was 0.88 (95% confidence interval 0.63–1.25) as compared to Phase II.

...................................................................................................................................................................................................
Conclusion Pre-hospital risk stratification of patients with suspected NSTE-ACS, avoiding hospitalization of a substantial

number of low-risk patients, seems feasible and non-inferior to transferring all patients to the hospital.
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Introduction

Emergency department (ED) overcrowding is worldwide an increas-
ing challenge, leading to increased length of stay, high costs and
reduced patient satisfaction. A substantial part, approximately 10% of

all ED admissions, consists of patients with chest pain, suspected for
non-ST-elevation acute coronary syndrome (NSTE-ACS).1 About
65% of these patients are observed for hours or even hospitalized for
further diagnostics, despite the fact that about 80% are at low risk
and do not have an acute coronary syndrome.2–4 Several studies

Graphical Abstract

Referral Decisions Based On a Pre-hospital HEART Score in 
Suspected Non-ST-Elevation Acute Coronary Syndrome:

Final Results of the FamouS Triage study

Conclusion: Pre-hospital risk stratification of patients with suspected NSTE-ACS, avoiding 
hospitalization of a substantial number of low-risk patients, seems feasible and non-inferior 
to transferring all patients to the hospital. This pre-hospital triage strategy might improve 
value-based healthcare.

Phase II
N = 700

•Control group before 
implementa�on

•HEART ≤ 3 all transferred to 
hospital n = 172 (24.6%)

Phase III
N = 536

•Treatment group a�er 
implementa�on

•HEART ≤ 3 not transferred to 
hospital n = 149 (28%) (a�er 
2 ambulance visits)

Differences between patients with low risk (HEART score  3) 
In phase II (before) and phase III (after) implementation of referral decisions 

based on a pre-hospital HEART score 

Phase II 
Transferred 
n=172 

Phase III 
Not transferred 
n=149 

Phase III 
Transferred 
n=53 

p-
value*1

‘Gut feeling’ paramedic / 
consultation cardiologist 

18 (34)  
(1 MACE) 

Referred by GP    17 (32.1) 
(0 MACE) 

Other 3 (5.7) 
(0 MACE) 

After 2nd ambulance visit    17 (32.1) 
(4 MACE) 

MACE, n (%) 5 (2.9) 2 (1.3)  5 (9.4)  0.006 
    ACS 4 (2.3) 1 (0.7) 3 (5.7) 0.025 
    PCI 4 (2.3) 1 (0.7) 5 (9.4) 0.001 
    CABG 0 (0) 0 (0.0) 1 (1.9) 0.093 
    Death (%) 0 (0) 1 (0.7) 0 (0) 0.55 

*1 p-value transferred vs not transferred  in patients with low risk (HEART score ≤ 3) in phase III 
MACE: major adverse cardiac event; GP: general practitioner; ACS: acute coronary syndrome; PCI: 
percutaneous coronary intervention; CABG: coronary artery bypass grafting 
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showed that additional diagnostics in low-risk patients lead to a lon-
ger length of stay and higher costs without reducing clinical events.5–8

In patients with suspected NSTE-ACS, pre-hospital risk assess-
ment is feasible and has comparable accuracy to in-hospital risk as-
sessment.9–13 History, ECG, Age, Risk factors, and Troponin
(HEART) score calculation (Table 1), including point-of-care (POC)
troponin assessment can be used pre-hospitally by paramedics.9,13–15

It adequately stratifies patients in low-, intermediate-, and high risk
for major adverse cardiac events (MACE).2,10,16 It has, however, not
yet been studied in daily practice whether selected low-risk patients
with suspected NSTE-ACS can safely stay at home based on pre-
hospital risk assessment, avoiding ED presentation.

In Phase II of the FamouS Triage study, the pre-hospital acquired
HEART score was incorporated in routine patient assessment, but
without treatment consequences.10,17 Phase III of the FamouS Triage
study is the first study in which paramedics used a pre-hospital
acquired HEART score for referral decisions (low-risk patients were
not transferred). The current analyses compare MACE within
45 days between Phase II (all patients transferred) and Phase III (low-
risk patients observed at home).

Methods

Study design
FamouS Triage is a non-inferiority, controlled before-after multicentre
study with a sequential design with the aim to assess feasibility and safety
of pre-hospital risk assessment by paramedics using the HEART score.
The design has been described previously.18 The study was performed in

two hospitals in The Netherlands (Deventer Hospital and Isala hospital)
and 33 emergency medical services vehicles from 2 regional ambulance
services (Ambulance IJsselland and Witte Kruis ambulancezorg) staffed
by approximately 110 paramedics which are registered nurses, special-
ized in pre-hospital care. In FamouS Triage II,17 a pre-hospital HEART
score including POC troponin was prospectively assessed by paramedics
without treatment consequences. These patients formed the control (be-
fore) group. In the treatment (after) group, a HEART score was calcu-
lated in the same way, but patients with a HEART score of <_3 were
asked to give informed consent to be observed at home instead of being
transferred to the hospital. In those patients, a second HEART score was
assessed at home 3–12 h after inclusion. The reason for a second re-
assessment was that previous results showed that patients who were
included shortly after onset of symptoms might have false negative tropo-
nin results.17 When patients were not referred, their general practitioner
was informed and patients were instructed by the paramedic to contact
their general practitioner to investigate the cause of their complaints, par-
ticularly when complaints persisted. Patients with a HEART score of >3
were transferred to a nearby hospital.

Regulation statement
This study was conducted according to the principles of the current dec-
laration of Helsinki and in accordance with Dutch law on Medical
Research Involving Human Subjects Act (WMO). The study was
approved by the Institutional Review Board (medical ethical committee
of the Isala clinics, Zwolle, the Netherlands, METC No.170526), and sub-
sequently by the boards of the participating hospitals.

Point-of-care troponin
A cardiac troponin T assay was performed on site using the Roche
CARDIAC POC troponin T test on the cobas h 232 POC system with a
limit of detection of 40–2000 ng/L. The device is able to work properly in
a temperature range from 18�C to 32�C, a relative humidity of 10–85%
(no condensation) and maximum altitude of 4300 m. The POC testing
strips are sustainable for 7 days after removal from the refrigerator. POC
test results are available in 8–12 min.

An outcome of 40 ng/L with this assay is comparable to 40 ng/L of a
high-sensitivity cardiac troponin T assay with a 99th percentile of 14 ng/L.
This means that a positive result on the POC device will have a value of
40 ng/L or higher. Therefore, all patients with a positive POC result im-
mediately received two points in the HEART score on the ‘Troponin’
element. Patients with a positive POC troponin result were transferred
to the hospital whether or not the total HEART score was <_3.

Study population
The inclusion criteria were out-of-hospital patients aged >_18 years visited
by an ambulance with a pre-hospital suspicion of NSTE-ACS. The exclu-
sion criteria were electrocardiographic ST-elevation, pregnancy, coma-
tose state, cognitive impairment, shock, cardiac asthma, ventricular
tachyarrhythmia, end-stage renal disease, an obvious non-cardiac cause
for complaints, or a strong suspicion of either aortic dissection or pul-
monary embolism.

Study hypothesis and endpoints
The hypothesis was that referral decision based on the pre-hospital
HEART score in suspected NSTE-ACS is feasible and non-inferior to rou-
tine management according to the current guidelines19 with regards to
the occurrence of MACE within 45 days. MACE consisted of the follow-
ing events: myocardial infarction, unstable angina, percutaneous coronary
intervention (PCI), coronary artery bypass grafting, and death by all
causes. Adjudication of the final diagnosis was performed by applying

Table 1 Calculation of the HEART score

HEART

History (anamnesis) Highly suspicious 2

Moderately suspicious 1

Slightly suspicous 0

ECG Significant ST-segment deviation 2

Non-specific repolarization

disturbance/LBBB/PM

1

Normal 0

Age >_65 years 2

>45 and <65 years 1

<_45 years 0

Risk factorsa >_3 risk factors or history of

atherosclerotic disease

2

1 or 2 risk factors 1

No known risk factors 0

Troponin >_3� normal limit 2

1–2� normal limit 1

Normal limit or lower 0

Total

ECG, electrocardiogram; HEART, History, ECG, Age, Risk factors, and initial
Troponin; LBBB, left bundle branch block; PM, pacemaker.
aRisk factors: hypercholesterolaemia, hypertension, diabetes mellitus, cigarette
smoking, family history of atherosclerotic disease, BMI >30 kg/m2.

162 R.T. Tolsma et al.
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current guidelines and the third universal definition of myocardial infarc-
tion.19–22 ST-segment elevated myocardial infarction (STEMI) was deter-
mined by paramedic ECG judgement. Non-STEMI (NSTEMI) diagnosis
was adjudicated when high-sensitive cardiac troponin value was above
the 99th percentile upper reference limit (URL) with a significant delta
(>_20%) as well as a clinical setting consistent with myocardial ischaemia.
Unstable angina was diagnosed when there was a clinical setting consist-
ent with myocardial ischaemia but if high-sensitive cardiac troponin was
normal or above the 99th percentile URL without a significant delta. All
cases with possible endpoints were reviewed by two independent adjudi-
cators, without knowledge of the HEART score. In case of disagreement,
the case was discussed in a plenary adjudication committee meeting,
composing at least two cardiologists that were not related to the study,
until consensus was reached.

Follow-up
A follow-up duration of 45 days was chosen because the HEART score
was validated previously to predict MACE within 6 weeks. Any informa-
tion that indicated possible endpoints were further investigated through
hospital charts and information obtained from general practitioners.

Statistical analysis
Primary analysis

Primary analysis aimed to study whether pre-hospital HEART manage-
ment will not cause more MACE than routine management. The primary
outcome was the absolute difference in 45 days MACE incidence be-
tween the control (before) and treatment (after) group.

Secondary analyses

Because of the design of the study, there may be differences in baseline
characteristics partly due to a discrepancy in the time of enrolment.
Hence, we have to account for potential confounding. To adjust for po-
tential confounders, multivariable analyses were performed by a Cox re-
gression model, with calculating hazard ratios (HRs) with 95% confidence
intervals (CIs).

Sample size

The aim of this study was to assess whether pre-hospital referral deci-
sions (treatment group) according to the HEART score is feasible and
does not lead to an increase in MACE within 45 days of presentation
compared to routine management (control group). Our sample size cal-
culation was therefore based on demonstrating that the proportion of
MACE in the treatment group is non-inferior to the proportion observed
in the control group. Preliminary results of the second phase of FamouS
Triage showed within 45 days 15.7% (95% CI, 13.1–18.6) MACE,17 and
we used the expected incidence of 15.7% as the point estimate (meaning
no difference between control and intervention) and set the non-
inferiority-margin at 7.5% which means that the upper limit of the one-
sided 97.5% CI of the difference in MACE between Phases II and III is not
above 7.5%. This is comparable to other research.23–27 If there is truly no
difference in incidence of MACE between the control and treatment
groups, a total of 990 patients was required to be 90% sure that the upper
limit of a one-sided 97.5% CI (or equivalently a 95% two-sided CI) would
exclude a difference in favour of the control group.28,29 The expected
number of patients with loss of follow-up or missing data was estimated
to be 10%. Therefore, the total sample size had to be at least 1090 (545
in each group). The control group, composed of FamouS Triage Phase II,
consisted of 700 participants. In Phase III, the intention was to include at
least 545 participants.

Results

FamouS Triage II (before implementation of HEART score-based re-
ferral decisions) was performed from January 2016 until July 2017.
During this period, 700 patients were included. A detailed description
was published earlier.17

In FamouS Triage III, 588 participants were included from
September 2018 to May 2020 (Figure 1). Fifty-two patients (8.8%)
were excluded from the analysis because of false registration proced-
ure (n = 2), detention (n = 3), absence of written informed consent
(n = 17), withdrawn informed consent (n = 6), double inclusion (in
time frame follow-up 6 months previous inclusion, n = 14), leaving
536 patients to be analysed in Phase III.

Together, a total of 1236 patients were included in Phases II and III.
Mean age was 63 years, 43% were female. Differences in baseline
characteristics are summarized in Table 2.

In FamouS Triage III, a total of 149 low-risk patients (28%) were
not transferred to the hospital. The HEART score of these 149
patients was 0 (2%), 1 (17.4%), 2 (27.5%), and 3 (53%). Of the 387
patients who were transferred to the hospital, 53 patients (13.7%)
had a HEART score <_3: 0 (1, 0.3%) 1 (4, 1.0%), 2 (12, 3.1%), and 3
(36, 9.3%). In Table 3 differences between patients in Phase III who
were transferred or not transferred to the hospital are summarized.
Transferred patients were older, more often male, and had more
often diabetes and a history of hypercholesterolaemia.

Fourteen patients (2.6%) with a HEART score >3 were, in most
cases after consultation with the cardiologist in the hospital, not
transferred to the hospital.

Clinical endpoints
In 200 (16.2%) of the 1236 patients included in either Phase II or
Phase III, a MACE occurred within 45 days. Differences between
patients with and without MACE are summarized in Table 4. Patients
with a MACE within 45 days were older, more often male, and had
more often diabetes or hypercholesterolaemia. Occurrence of
45 days MACE was 16.6% in Phase II and 15.7% in Phase III (P = 0.67).
The absolute difference in MACE was therefore 0.9% (95% CI -5.0%
to 3.2%). The upper limit of 3.2% is under 7.5% meaning non-
inferiority can be declared.

Percentage MACE in low-risk patients was 2.9% in Phase II and
1.3% in Phase III. In those patients, the absolute difference in MACE
was 1.6% (95% CI -1.5% to 4.7%). Table 5 summarizes the differences
between the low-risk patients in Phases II and III, including the differ-
ences between transferred and not transferred low-risk patients in
Phase III.

Of the patients included in FamouS Triage III, a total of three
patients died within 45 days. Two of them were transferred to the
hospital (HEART score 8 and 9), one patient was not transferred to
the hospital (HEART score 3) and died 5 days after inclusion while
under treatment by the general practitioner on suspicion of
pneumonia.

No MACE endpoint occurred in the 14 patients who were not
transferred to the hospital with a HEART score of >3.

Differences in clinical endpoints in the second and third phase of
FamouS Triage are summarized in Table 6. The incidence of the pri-
mary outcome, MACE within 45 days, was 16.6% in Phase II and
15.7% in Phase III (P = 0.67). Univariate Cox regression analysis

Referral decisions based on a pre-hospital HEART score 163
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resulted in an HR of 0.94 (95% CI 0.69–1.27) to have a MACE within
45 days in Phase III vs. Phase II. Multivariate Cox regression including
age and gender, resulted in an HR of 0.93 (95% CI 0.68–1.27).
Multivariate Cox regression including age, gender, body mass index,
hypercholesterolaemia, and hypertension, resulted in an HR of 0.88
(95% CI 0.63–1.25) for MACE in Phase III vs. Phase II.

As part of the secondary endpoints, follow-up was also conducted
after 6 months, this revealed equal results.

Discussion

FamouS Triage is the first study in which a complete HEART score
was implemented in the pre-hospital referral decision making. The
study confirmed that pre-hospital triage using the HEART score and
leaving low-risk patients at home seems non-inferior to standard care
in which all patients are transferred to the hospital.

NSTE-ACS is a potentially life-threatening condition in which early
risk assessment is essential. Currently, several studies, demonstrated
that in patients with suspected NSTE-ACS pre-hospital risk

assessment is feasible, and that outcome is comparable with risk
assessments performed in the hospital.30,31 Although previous stud-
ies showed promising results, structured pre-hospital risk assessment
is not yet implemented in routine daily practice.

Although 28% of patients in Phase III were not transferred to the
hospital, a substantial part of patients were still transferred to the
hospital despite a low-risk classification. Most of these patients (18)
were transported based on a, according to the paramedics, suspi-
cious anamnesis for either a cardiac or other serious diagnosis and/or
after telephonic consultation with a cardiologist in the hospital.

Seventeen patients already were referred by their general practi-
tioner but besides that included in the study. No MACE endpoints
occurred in the low-risk patient group referred by the general practi-
tioners. In the Netherlands, in general, general practitioners neither
have the ability to take an ECG, nor the possibility to measure tropo-
nin, nor use a validated risk stratification tool in deciding whether or
not to refer a patient.

Also one patient with a low HEART score was transported to the
hospital based on a positive POC troponin measurement and turned
out to have a pulmonary embolism.

N = 588

N = 573

N = 556

N = 550

N = 536

N = 14 double inclusion (in time frame follow up     
6 months previous inclusion) 

N = 2 False registration in data management system
N = 3 False inclusion (patients in detention)
N = 10 False inclusion by ambulance

N = 17 (HEART > 3) : After oral informed 
consent no written informed consent

N =  5 : (HEART > 3) Withdrawn informed consent
N = 1 : (HEART ≤ 3) Withdrawn informed consent

N = 536 patients included in analysis

N = 163 not referred to ED after 2 
ambulance visits

N = 14 HEART > 3
N = 149 HEART ≤ 3

N = 373 referred to ED
N = 38 HEART ≤ 3
N = 335 HEART > 3

Figure 1 Flow chart of patient inclusion in Phase III.

164 R.T. Tolsma et al.
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..Seventeen patients were transferred to the hospital after the se-
cond ambulance visit. In 12 of the 17 cases a higher HEART score
was observed due to, for example, a dynamic ECG or an increase in
complaints. In the other five patients, another diagnosis was sus-
pected at the second visit for which analysis seemed justified.

In our study, patients with complaints suspicious for NSTE-ACS
with a low HEART score were not transported to a hospital which
may mean that current guidelines sometimes are not followed. For
example, current guidelines recommend rhythm monitoring up to
24 h or to PCI (whichever comes first) in confirmed NSTEMI patients
at low risk for cardiac arrhythmias (I C recommendation). However,
since we visited low-risk patient two times and a second complete
HEART score is performed, the risk of missing an NSTEMI is very
low. Patients visited by an ambulance because of suspected NSTE-

ACS that are at low risk have most likely benign chest pain. The most
common non-cardiac causes of the complaints include gastrointes-
tinal or musculoskeletal disorders, pulmonary embolism, panic dis-
order and anxiety.32 In some patients, urgent diagnostic tests may be
mandatory, to exclude other potentially dangerous diagnoses such as
pulmonary embolism. The decision to perform other diagnostic tests
or to transfer a patient to the ED can be made by either the ambu-
lance paramedic or the general practitioner and may be particularly
of importance in case of persisting complaints. Patients with no recur-
rence of symptoms and none of the very high or high-risk criteria
listed in the recommendation table regarding timing of invasive strat-
egy are to be considered at low risk of short-term acute ischaemic
events. A selective invasive strategy after appropriate ischaemia test-
ing or detection of obstructive coronary artery disease by coronary

....................................................................................................................................................................................................................

Table 3 Differences in baseline characteristics of 149 low-risk patients who were not transferred to the hospital
compared to the transferred patients included in Phase III

Characteristics Not transferred Transferred P-value

n 5 149 n 5 387

Demographics

Mean age, years (SD) 53.8 (14.6) 66.4 (13.2) 0.01

Male, n (%) 75 (50.3) 235 (60.7) 0.03

Cardiac risk factors, n (%)

Diabetes mellitus 8 (5.4) 66 (17.1) 0.01

Obesity (body mass index

>_ 30 kg/m2)

14 (9.4) 48 (12.4) 0.33

Hypercholesterolaemia 20 (13.4) 112 (28.9) 0.01

Hypertension 69 (46.3) 161 (41.7) 0.34

Positive family history 49 (32.9) 139 (35.9) 0.51

Current smoking 39 (26.2) 78 (20.2) 0.13

.................................................................................................

Table 4 Comparison of patients with and without
MACE within 45 days in 1236 patients with suspected
ACS who had pre-hospital risk assessment

MACE No MACE P-value

n 5 200 n 5 1036

Demographics

Mean age, years (SD) 68.7 (11.8) 62.2 (14.3) 0.01

Male, n (%) 152 (76) 559 (54) 0.01

HEART > 3 188 (94) 674 (65) 0.01

Cardiac risk factors, n (%)

Diabetes mellitus 46 (23) 148 (14.6) 0.01

Obesity (body mass index

>_30 kg/m2)

38 (20) 164 (18) 0.50

Hypercholesterolaemia 89 (45) 318 (31) 0.01

Hypertension 102 (51) 500 (49) 0.52

Positive family history 73 (37) 439 (43) 0.10

Current smoking 44 (22) 229 (23) 0.95

HEART, History, ECG, Age, Risk factors, and initial Troponin; MACE, major ad-
verse cardiac event.

.................................................................................................

Table 2 Comparison of baseline characteristics of
patients included in Phase II (FT2) or Phase III (FT3)

Characteristics FT2 FT3 P-value

n 5 700 (%) n 5 536 (%)

Demographics

Mean age, years (SD) 63.6 (13.6) 62.9 (14.7) 0.13

Male, n (%) 401 (57.3) 310 (57.8) 0.85

Cardiac risk factors, n (%)

Diabetes mellitus 120 (17.1) 74 (13.8) 0.07

Obesity (body mass index

>_ 30 kg/m2)

140 (20.0) 62 (11.6) 0.01

Hypercholesterolaemia 275 (39.3) 132 (24.6) 0.01

Hypertension 372 (53.1) 230 (42.9) 0.01

Positive family history 324 (46.3) 188 (35.1) 0.01

Current smoking 156 (22.3) 117 (21.8) 0.62

Mean HEART score (SD) 4.7 (1.7) 4.3 (1.9) 0.01

HEART score >3 528 (75.4) 334 (62) 0.01

HEART, History, ECG, Age, Risk factors, and initial Troponin.
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computed tomography (CT) angiography is recommended in
patients considered at low risk. Out-patient ischaemia testing can be
examined by either a cardiologist or a general practitioner, depend-
ent on the local situation and protocols. In our area, general practi-
tioners have the opportunity to refer patients for exercise testing or
even coronary CT angiography.

Any subsequent examination via that route may then still lead to a
coronary angiography and possibly an elective intervention (and thus

a MACE). The question is whether this is undesirable or actually even
a better routing of necessary care.

Strengths and limitations
Our study has several strengths. First, it is the first prospective non-
inferiority study on referral decisions based on pre-hospital risk as-
sessment in suspected NSTE-ACS. Since patients in the area of two
large hospitals, covering rural as well as more densely populated
urban areas of the Netherlands, were included, the results are well
generalizable.

Our study also has several limitations. We did not randomize
patients, but used historical controls. As was demonstrated, there
were some significant differences in baseline characteristics between
the two phases of the study. In Phase III, a lower risk population was
included, possibly because in the first period of Phase III, higher-risk
patients were not included (but directly transferred to the hospital).
But also patients who in the normal daily practice were already left at
home (without using the HEART score) were now included in the
study. We adjusted for the known potential confounders in the analy-
ses, and demonstrated that also after multivariate analyses there was
no increased risk of 45 days MACE in Phase III. However, in this de-
sign of study, there is always a risk that unidentified factors cause se-
lection bias also considering the possible learning curve of

....................................................................................................................................................................................................................

Table 5 Differences between patients with low risk (HEART score � 3) in Phases II and III

Phase II Phase III Phase III P-valuea

Not transferred Transferred

n 5 172 n 5 149 n 5 53

Demographics

Mean age, years (SD) 53.9 (12.2) 53.8 (14.6) 54.4 (14.3) 0.65

Male, n (%) 86 (50.0) 75 (50.3) 32 (60.4) 0.21

Cardiac risk factors, n (%)

Diabetes mellitus 9 (5.3) 8 (5.4) 0 (0) 0.085

Obesity (body mass index >_ 30 kg/m2) 33 (27.7) 14 (9.4) 5 (9.4) 0.99

Hypercholesterolaemia 46 (27.4) 20 (13.4) 8 (15.1) 0.76

Hypertension 62 (36.5) 69 (46.3) 24 (45.3) 0.90

Positive family history 77 (45.8) 49 (32.9) 18 (34.0) 0.89

Current smoking 44 (26.2) 39 (26.2) 15 (28) 0.76

‘Gut feeling’ paramedic/consultation cardiologist 18 (34)

(1 MACE)

Referred by GP 17 (32.1)

(0 MACE)

Other 3 (5.7)

(0 MACE)

After 2nd ambulance visit 17 (32.1)

(4 MACE)

MACE, n (%) 5 (2.9) 2 (1.3) 5 (9.4) 0.006

ACS 4 (2.3) 1 (0.7) 3 (5.7) 0.025

PCI 4 (2.3) 1 (0.7) 5 (9.4) 0.001

CABG 0 (0) 0 (0.0) 1 (1.9) 0.093

Death (%) 0 (0) 1 (0.7) 0 (0) 0.55

ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; GP, general practitioner; MACE, major adverse cardiac event; PCI, percutaneous coronary
intervention.
aP-value transferred vs. not transferred in patients with low risk (HEART score <_ 3) in Phase III.

.................................................................................................

Table 6 Clinical endpoints within 45 days in patients
included in either the second phase (FT2) or third phase
(FT3)

Characteristics FT2 FT3 P-value

n 5 700 (%) n 5 536 (%)

MACE, n (%) 116 (16.6) 84 (15.7) 0.67

ACS 100 (14.3) 73 (13.6) 0.74

PCI 70 (10.0) 56 (10.4) 0.80

CABG 24.3 (3.4) 15 (2.8) 0.53

Death 6 (0.9) 3 (0.6) 0.54

ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; MACE,
major adverse cardiac event; PCI, percutaneous coronary intervention.
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paramedics that participated in Phases II and III. We do think the
HEART score is a clear and easy to determine tool what should limit
the effect of a learning curve, but still this cannot be excluded.
Furthermore, our sample size was too small to perform sub-analyses,
for example in age groups or male vs. female. Moreover, we are not
certain whether our results can be extrapolated to other countries.
In the Netherlands, ambulance paramedics have bachelor degrees in
nursing with at least two subsequent specializations in critical care
nursing.30,33 Furthermore, the paramedics in our study were familiar
with the HEART score since 2012 and they were additionally trained
in assessing the HEART score including troponin assessment before
start of this phase of the FamouS Triage project. Despite this, a sub-
stantial proportion of low-risk patients were still referred to the hos-
pital. In addition to the HEART score, which is an important tool, the
professional judgement and ‘gut feeling’ of the paramedic may be ob-
viously still important.

It is important to state that the HEART score will be helpful to
paramedics, but the score itself is not leading. Of course, it remains
important to take into account differential diagnoses indicating other
diagnoses that require further analysis in the hospital. However, it is
expected that using a validated risk stratification instrument, more
patients will not need to be referred than is currently occurring based
solely on clinical judgement/feeling.

The phenomenon that the recommendation of the score is not al-
ways adhered to was also seen in clinical studies by Poldervaart et al.2

Possible explanations given for this are also valid in the pre-clinical
setting. A possible explanation for non-adherence can be the diffi-
culty in changing behaviour. Getting used to calculations and adapting
to new algorithms takes time. If the approach is implemented for a
longer period and more low-risk patients are not transported with-
out compromising safety, confidence in this new approach is likely to
increase.

All patients who were not referred were instructed to contact the
dispatch centre again in case of new or worsening symptoms.
Unfortunately, it was not registered whether the paramedics had also
not referred a patient without the knowledge that a second check-up
visit would follow. This monitoring visit proved to be a safety net on
more than one occasion.

In order to comply with the current NSTEMI guideline, which rec-
ommends a second troponin measurement when complaints started
within 6 h, a second HEART score including troponin measurement
was performed in our study. However, the original HEART score val-
idation studies did not assess a second troponin measurement.16,34

Although the currently used POC troponin measurement is deemed
sufficient for pre-hospital risk stratification with the HEART score,35

a high-sensitive POC measurement can even better risk stratify
patients. Because of the lesser sensitivity of the current POC assay,
our findings may overestimate the number of patients with a HEART
score of <_3 compared with what would be observed with a high-
sensitivity assay. The development of high sensitive POC troponin
measurement may result in a modified T-score within the total
HEART score, based on new and safer cut-off values. Especially if the
under reference limit of troponin detection of these devices is below
the 99th percentile. This will further improve quality and safety of re-
ferral decisions. Apart from that, new insights are emerging that single

troponin tests instead of serial testing in managing patients suspected
for NSTE-ACS appears to be safe and is a reasonable strategy to pos-
sibly improve efficiency without an adverse association with patient
outcomes.36

Future implications
Through early identification of patients with suspected NSTE-ACS
who in fact need neither (cardiology) admission nor hospital diagnos-
tics, unnecessary transfer to a hospital can be avoided. This can re-
duce healthcare expenditures, which is an important focus for
improvement of the current healthcare system.37–39 Another point
of interest may be pre-hospital identification of high-risk patients in
need of acute revascularization which can lead to direct transfer to
an interventional centre with subsequent reduction and reduction of
costly interhospital transfers.19

Future studies should explore the importance of the added value
of the clinical judgement of paramedics in deciding to refer a low-risk
patient and whether the occurrence of MACE is still low if more low-
risk patients are not transferred to the hospital when following risk
stratification more consistently.

Finally, the expectation is that risk stratification can improve even
further as soon as it is possible to determine POC high-sensitive
troponin. This, in combination with the use of a validated risk stratifi-
cation tool such as the HEART score, could then function even for a
single medical assessment by a paramedic.

Summary

The FamouS Triage study showed that pre-hospital risk stratification
of patients with suspected NSTE-ACS, with not transferring low-risk
patients to a hospital, seems feasible and non-inferior to transferring
all patients to the hospital. If this observation is confirmed by other
studies, ambulance guidelines can be adapted with considerable de-
crease of ED presentations.
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