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ABSTRACT

Background Numerous strategies have been
developed to rapidly rule-out acute coronary syndrome
(ACS) using high-sensitivity troponin. We aimed to
establish their performance in terms of emergency care
length of stay (LOS) in real-world practice.

Methods A multicentre observational cohort study in
94 UK sites between March and April 2023. Recruitment
was preferably prospective, with retrospective
recruitment also allowed. Adults presenting to the ED
with chest pain triggering assessment for possible ACS
were eligible. Primary outcome was emergency care LOS.
Secondary outcomes were index rate of acute myocardial
infarction (MI), time to be seen (TTBS), disposition and
discharge diagnosis. Details of ACS rule-out strategies in
use were collected from local guidelines. Mixed effects
linear regression models tested the association between
rule-out strategy and LOS.

Results 8563 eligible patients were recruited,
representing 5.3% of all ED attendances. Median LOS
for all patients was 333 min (IQR 225, 510.5), for
admitted patients was 460 min (IQR 239.75, 776.25)
and for discharged patients was 313 min (IQR 221, 451).
Heterogeneity was seen in the rule-out strategies with
regard to recommended troponin timing. There was

no significant difference in LOS in discharged patients
between rule-out strategies defined by single and serial
troponin timing (p=0.23 and p=0.41). The index rate of
acute Ml was 15.2% (1301/8563). Median TTBS was
120min (IQR 57, 212). 24.4% (2087/8563) of patients
were partly managed in a same day emergency care unit
and 70% (5934/8563) of patients were discharged from
emergency care.

Conclusion Despite heterogeneity in the ACS rule-

out strategies in use and widespread adoption of

rapid rule-out approaches, this study saw little effect

on LOS in real-world practice. Suspected cardiac

chest pain still accounts for a significant proportion

of UK ED attendances. ED system pressures are likely

to be explanatory, but further research is needed to
understand the reasons for the unrealised potential of
these strategies.

INTRODUCTION

Non-traumatic chest pain is a common ED presenta-
tion. Acute coronary syndrome (ACS) is confirmed
in approximately 15% of such patients' and is chal-
lenging to exclude with clinical gestalt alone.> ACS
rule-out pathways have been in a continual state of
development over the past decade.’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Since the introduction of high-sensitivity
troponin assays, multiple acute coronary
syndrome (ACS) rapid rule-out strategies have
been developed aiming for reduced emergency
care length of stay (LOS).

= The diagnostic performance of these strategies
is well established.

= While implementation studies have shown an
effect on LOS, these include tightly controlled
conditions and specialised environments.

= There is little evidence describing their effect on
LOS in UK real-world practice.

WHAT THIS STUDY ADDS

= There is heterogeneity in the approach to ACS
rule-out in emergency care across the UK.

= This real-world assessment of the effectiveness
of ACS rule-out strategies showed little
difference in LOS between strategies, despite
this heterogeneity.

= Suspected cardiac chest pain remains a
significant proportion of ED presentations,
in this study accounting for 5.3% of all adult
attendances.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Further research should focus on why
there is little difference seen between rule-
out strategies and whether they can be
implemented in a manner that results in the

intended reduced emergency care LOS.

To support the implementation of high-sensitivity
troponin (hs-cTn) assays, numerous strategies have
been developed to help facilitate rapid ACS rule-out
and reduce unnecessary admissions. Most have been
derived from observational studies offering little
insight into clinical effectiveness in terms of length
of stay (LOS). Some have been tested in implemen-
tation studies, but their real-world performance
may not be similar.*”

There remains heterogeneity between guideline
recommendations about timing of troponin tests,
rule-out thresholds and risk scores.®” The real-
world impact of ACS rule-out strategies on emer-
gency care LOS is yet to be explored in the context
of current UK emergency care system pressures.
Although the adoption of hs-cTn assays is now well
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Screened for eligibility
n = 8848

Ineligible
n =238

Withdrew via opt-out
consent

] n=47

Missing data on primary
outcome (length of stay)
n=144

Eligible for inclusion
n = 8563

Included in primary
analysis
n=8419

Followed up to 28 days
n =8419

Figure 1  Study flow chart.

established,'® the use of, and adherence to, rapid rule-out path-
ways is poorly understood.

We sought primarily to describe the ACS rule-out strategies
in use in the UK and establish the associations between each
strategy and LOS in real-world practice. Secondary aims were
to establish the frequency of acute myocardial infarction (MI)
in those presenting with suspected cardiac chest pain and the
distribution of alternative diagnoses.

METHODS

Design and setting

A multicentre observational cohort study recruiting adults
presenting with suspected cardiac chest pain to 94 UK EDs.
Identification of eligible patients was preferably prospective;
this was also allowed retrospectively to maximise consecutive
recruitment. The study was delivered by the Royal College of
Emergency Medicine Trainee Emergency Research Network.

Participants

Patients =18 years of age were eligible if they presented to the ED
with chest pain triggering testing to rule-in or rule-out a cardiac
cause. Exclusion criteria were as follows: clear non-ACS cause
at presentation, another medical condition requiring admission,
lacking capacity to consent, prisoners and non-English speakers
where translation was unavailable.

Patients managed in a same day emergency care (SDEC)
setting were included if they initially presented to the ED. Such
patients were streamed to SDEC from triage or transferred after
initial assessment in the ED.

Screening for eligible patients was performed by trained ED
clinicians and research nurses. Clinicians confirmed eligibility
where there was any doubt. Sites selected a 7-day recruitment
period between 13 March and 24 April 2023. Identification of
participants was preferably done prospectively by study teams
within the ED, retrospective identification via ED attendance
logs was also allowed to ensure identify missed cases and ensure
consecutive recruitment. Recruitment was via opt-out consent
with opt-out information provided during ED attendance and

Table 1 Patient demographics and diagnoses
Characteristic N=8563
Age
Mean (SD) 55(18.2)
Missing n (%) 26 (0.3)
Sex assigned at birth n (%)
Female 4030 (47.1)
Male 4477 (52.3)
Other 3(0.0)
Missing 53 (0.6)
Gender identity
Cisgender, n (%) 8549 (99.8)
Non-binary, n (%) 10 (0.1)
Transgender, n (%) 4(0.0)
Ethnicity, n (%)
Asian or Asian British 659 (7.7)
Black, Black British, Caribbean, African 242 (2.8)
Mixed or multiple ethnic groups 66 (0.8)
White 5899 (68.9)
Other ethnic group 198 (2.4)
Missing 1493 (17.4)
ACS via fourth universal definition of MI, n (%) 1301 (15.2)
Clinical discharge diagnoses, n (%)
Cardiovascular
STEMI 120 (1.4)
NSTEMI 386 (4.5)
Unstable angina 260 (3.0)
Unspecified ACS 137 (1.6)
Stable angina 587 (6.9)
Non-specific chest pain 342 (4.0)
Other cardiac 930 (10.9)
Aortic dissection 9(0.1)
Respiratory
PE 116 (1.4)
LRTI/Pneumonia 481 (5.6)
Pneumothorax 11 (0.1)
Other respiratory 157 (1.8)
Gastrointestinal 799 (9.3)
Musculoskeletal 1298 (15.2)
Haematology/Oncology/Dermatology 38 (0.4)
Psychiatric/Toxicology 319 (3.7)
No abnormality detected 1648 (19.2)
Other 794 (9.3)
Missing 131 (1.5%)

ACS, acute coronary syndrome; LRTI, lower respiratory tract infection; MI,
myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; PE,
pulmonary embolism; STEMI, ST-elevation myocardial infarction.

hospital stay or sent via mail. On receipt of an opt-out request,
participants were immediately withdrawn.

Outcome measures
The primary outcome was emergency care (ED and SDEC) LOS.
The secondary outcomes were frequency of acute MI as per the
fourth universal definition of ML clinical discharge diagnosis
as recorded in the patient’s notes, time to be seen (TTBS) and
disposition from the ED.

The central study team determined which participants, across
the whole cohort regardless of disposition, met the fourth
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Table 2  ACS rule-out strategies in use

Serial troponin strategy:
recommended time
between tests

0-1hour

Sites

N (%)
7(7.4)
13(13.8)

Single troponin strategy: minimum
time from symptoms

0hour

3hours (a)

6hours

0hour

0-2 hours (
1 hour 4 (
3hours (b) 4(4.
6 hours 1(
12 hours 1(
3(

No single rule-out recommendation in

guideline
0-3 hours 0hour (c) 5(
1 hour 3(
2 hours (d) 16
3hours 10
6 hours (e) 14
12 hours (
(

No single rule-out recommendation in
guideline
0-6hours 6hours
No single rule-out recommendationin 2 (2.1)
guideline
No single rule-out recommendation in
guideline

3hours

0-12 hours

0 variable

No guideline No guideline

Single troponin strategies are grouped by minimum time from symptom onset after
which ACS could be ruled out with a single sufficiently low troponin. Serial troponin
strategies are grouped by recommended time between tests.

Rule-out guidelines: (a) ESC 0—1 hour algorithm, (b) ESC 0-2 hours algorithm, (c)
T-MACS (Troponin-only Manchester Acute Cornary Syndromes Decision Aid), (d)
High-STEACS (High-Sensitivity Troponin in the Evaluation of patients with suspected
Acute Coronary Syndrome), (e) ESC 0-3 hours algorithm.

ACS, acute coronary syndrome; ESC, European Society of Cardiology.

universal definition from troponin results, symptoms, ECG and
further investigation findings such as echocardiography, angi-
ography and cardiac imaging collected by site teams. A rise or
fall of 50% of the 99th centile for the troponin assay used was
considered significant.'?

Data sources

Local study teams collected LOS, TTBS and clinical discharge
diagnoses from ED systems and discharge summaries. Investiga-
tion results, including troponin results, and ECG findings were
collected from pathology reporting systems and patient records.
Anonymised patient data were entered into Research Electronic
Data Capture, a General Data Protection Regulation compliant
database."

Sites submitted guidelines and completed a site-level survey
from which two members of the central study team extracted
rule-out strategy details including troponin assay, intended
troponin timings and risk scores. Local teams examined patient
notes to determine whether a risk score result was documented.
Sites also submitted the overall number of adult ED attendances
during their recruitment period. To report LOS in relation to
ACS rule-out strategy, sites were grouped in terms of single and
serial troponin rule-out approach. Single troponin strategies
were grouped by minimum time from symptom onset after which

ACS could be ruled out with a single sufficiently low troponin.
Serial troponin strategies were grouped by recommended time
between tests.

Participants were followed up to 28 days after ED presenta-
tion to collect results of investigations such as angiography and
to record discharge diagnosis for those admitted to hospital.
Working diagnosis at 28 days was recorded from hospital notes
for those still admitted.

Study size

No sample size calculation was included in the study design.
Based on engagement with previous TERN studies, we aimed to
recruit from 100 EDs. Chest pain has previously been estimated
to account for 6% of UK ED attendances.' It was estimated that
100 sites would therefore recruit 10500 patients.

Statistical methods

Patient characteristics are reported using number (n) and
proportion (%) for categorical variables and median and IQR for
continuous variables. LOS was defined as time from arrival to
discharge or admission in minutes and summarised using median
and IQR for each single and serial troponin rule-out strategy for
all patients and separately by disposition. Patients were excluded
from the LOS analysis if they had missing disposition, emergency
care LOS equivalent to hospital stay or emergency care LOS was
missing.

Linear mixed effects models were used to assess the associa-
tion between rule-out strategies and LOS, with random effects
to account for clustering of patients within sites. LOS was log-
transformed to address non-normality of model residuals. Two
models were applied. Model 1 assessed the association between
initial troponin timing strategy and LOS in patients with a single
troponin measure. Model 2 assessed association between serial
troponin timing strategy and LOS in patients who underwent
more than one troponin test.

Troponin timing strategy was entered as an unordered cate-
gorical variable in both models. In model 1, this variable repre-
sented the minimum time from symptoms after which ACS could
be ruled out with a single sufficiently low troponin. In model 2,
this variable represented the recommended time between serial
troponin tests. Both models also included patient disposition
(admitted or discharged), and the interaction between troponin
timing and disposition as fixed effects to allow the effect of
troponin timing on LOS to be assessed separately for admitted
and discharged patients.

Estimated marginal mean (and 95% Cls) was calculated from
the resulting model for each rule-out strategy, separately for
admitted and discharged patients. The marginal means repre-
sent the mean LOS for each strategy adjusted for other factors
in the model to allow for comparison between groups. Marginal
means, their Cls and p values were calculated on the log scale
and back-transformed to the original scale. Post hoc tests were
used to identify which pairs of rule-out strategies had signifi-
cantly different LOS. P values from the post hoc tests were
adjusted for multiple comparisons using Tukey’s method.

All analyses were conducted using R V.4.2.3. Study findings
are reported in line with the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.™

Missing data

Sites were contacted to complete key missing or clearly erro-
neous data. Apart from disposition, participants were not
excluded from the analysis based on missing data.
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RESULTS

Participants

In total, 8610 patients met inclusion criteria at 94 UK sites
(online supplemental table 1) and 47 patients opted out. 8563
eligible patients were therefore recruited and 8419 included in
the primary LOS analysis (figure 1). Patient demographics are
shown in table 1.

ACS rule-out strategies

Almost all sites used an hs-cTn assay, with hs-cTn-T used at 50
(53.2%) sites and hs-cTn-I at 43 (45.8%). One site used a point-
of-care troponin assay in an urgent care centre linked to a type
1 ED. Further detail on troponin assays is included in online
supplemental table 2.

There was heterogeneity in the serial troponin rule-out strat-
egies (table 2,online supplemental table 3). A 0-1hour strategy
was in use at 22 (23.49%) sites, all using the ESC algorithm.® A
0-2hour strategy was in use at 12 (12.8%) sites, four (4.3%)
using the 99th centile and eight using the ESC algorithm.® A
0-3 hour strategy was in use at 54 (57.4%) sites, 47 (50.0%)
using the 99th centile as part of either the European Society of
Cardiology (ESC) algorithm" or the High-STEACS pathway,'®
five (5.3%) using the T-MACS pathway.!” Three (3.2%) sites
used 0—6hours troponin timings with the 99th centile as the
rule-out threshold. One (1.1%) site used 0-12hours with the
99th centile as the rule-out threshold.

There was similar heterogeneity in the single troponin rule-out
strategies (table 2, online supplemental table 3 online supple-
mental file 1). Eight (8.5%) sites allowed rule-out regardless
of time from symptom onset with a troponin below (or near)
the limit of detection (LOD). Seven (7.4%) sites used the LOD
at >=1hour; 16 (17.0%) sites used the LOD at =2hours; 27
(28.7%) sites allowed rule-out at =3 hours, 24 (25.5%) using the
LOD and three (3.2%) using the 99th centile; 17 (18.1%) sites
allowed rule-out at =6 hours, three (3.29) using the LOD and
14 using the 99th centile. Two (2.1%) sites used the 99th centile
at =12 hours. Five (5.3%) sites used the T-MACS pathway. Four
(4.3%) sites did not have guidelines including recommendations
on single troponin rule-out.

One (1.1%) site had no guideline and both serial and initial
troponin rule-out strategy was left to the discretion of the
assessing clinician.

A risk score was included in the guideline at 55 (58.5%) sites,
from which 5668 patients were recruited. The most commonly
used was the HEART score'® (History, ECG, Age, Risk factors
and Troponin, 42 sites, 44.7%), followed by T-MACS'
(Troponin-only Manchester Acute Coronary Syndrome Deci-
sion Aid, five sites, 5.3%), TIMI'® (Thrombolysis in Myocardial
Infarction, four sites, 4.3%), Angina score (locally developed,
two sites, 2.1%) and EDACS*® (Emergency Department Assess-
ment of Chest Pain Score, two sites, 2.1%). No score was docu-
mented in 77.5% of these patients (4390/5668, missing data in
424).

Disposition from the ED

Discharge from emergency care (ED or SD) occurred in 69.3%
(5934/8563) of patients (figure 2). A single troponin test was
performed in 59.1% (5058/8563) and 48.8% (4179/8563) were
discharged after only one troponin. 24.4% (2087/8563) were
managed in an SDEC setting having been streamed there from
triage or transferred after initial ED assessment.

Discharged
5,934

ED presentations
8,563

SDEC
2,087

Admitted
1,767

- ED observation ward
360

- Did not wait/self-discharged
197
__ Transferred
59
Figure 2 Sankey diagram: patient disposition and same day
emergency care (SDEC) setting use.

Emergency care length of stay

Median LOS was 333min (n=8419IQR 225-510.5) for all
patients, 313 min (n=6201, IQR 221-451) for those discharged
and 460 min (n=2166, IQR 239.75-776.25) for those admitted.
Median TTBS was 120 min (n=8086, IQR 57-212).

Median LOS and TTBS are shown in table 3 and visualised
in figure 3. Considering single troponin rule-out strategies by
minimum time from symptoms to first troponin test, median
LOS was as follows: 0hour; 287 min (IQR 206-434), 1hour;
344.5 min (IQR 233-571.75), 2 hours; 306 min (IQR 211-455),
3hours; 345min (IQR 230-533), 6hours; 346min (IQR
233-512.75), 12hours; 287min (IQR 207.5-392), T-MACS;
379min (IQR 250-602.5), no guideline; 339 min (IQR 234.5-
512.75). Considering serial troponin strategies by intended
time between troponins, median LOS was as follows: 0-1hour;
313min (IQR 216-492), 0-2hours; 324 min (IQR 224-503),
0-3 hours; 344 min (IQR 229-523), 0-6 hours; 327.5 min (IQR
224-513.25), 0-12 hours; 266.5 min (IQR 190-527.25), 0 vari-
able; 344.5min (IQR 262-467), no guideline; 322min (IQR
229-449).

In patients requiring only a single troponin test (n=4968),
mixed effects modelling identified an association between initial
troponin strategy and ED LOS in admitted (p<0.001) but not
discharged (p=0.23) patients. In patients requiring two or more
troponin tests (n=2942), the model to assess the association
between serial troponin strategy and LOS revealed no evidence
of an association between serial troponin strategy and ED LOS
in admitted (p=0.20) nor discharged patients (p=0.41). Esti-
mated means and model coefficients are included in online
supplemental tables 4-6.

Median TTBS was 120min (IQR 57-212) and median time
from arrival to the receipt of the first sample in the laboratory
was 87 min (IQR 54-141).

Diagnoses

The fourth universal definition of MI was met in 15.2%
(1301/8563) of patients. ACS, or probable ACS, was the clinical
discharge diagnosis or working diagnosis at 28 days in 10.5%
(903/8563) (table 1).

4

Emerg Med J 2025;0:1-8. doi:10.1136/emermed-2024-214616

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

" QUIDIPAN
Aauabiaw3 Jo 869|100 [eAoy e G20z ‘6T dunc uo /wod fwq way/:diy Wwoiy PapeojUMOQ ‘SZ0Z BUNC 8T UO 9T9YTZ-7202-PaWIdW/9ETT 0T Se paysiiand 1siy :¢ paN Biaws


https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
https://dx.doi.org/10.1136/emermed-2024-214616
http://emj.bmj.com/

Original research

Table 3 Emergency care LOS (in minutes) and time to be seen by rule-out strategy

Sites  Patients LOS missing LOS overall LOS admitted LOS, discharged Time to be seen
n n n Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Single troponin rule-out strategies
Time from onset
0 hour 8 905 18 287 (206, 434) 378 (216, 662.75) 270.5 (203.75, 387.5) 103 (54, 168)
1 hour 7 552 6 344.5 (233, 571.75) 327.5 (195, 822.25) 345 (251.5, 513.75) 95 (47.5,202.5)
2 hours 16 1430 20 306 (211, 455) 429 (227.25, 682.75) 279 (208, 396.5) 91.5 (35, 177.75)
3hours 27 2245 41 345 (230, 533) 481 (275.5, 880.5) 317 (221, 469) 132 (66, 238)
6hours 20 1906 35 346 (233, 512.75) 437.5 (239, 771) 332 (230.75, 465.25) 129 (68, 217)
12 hours 2 115 287 (207.5,392) 415 (262, 700) 245.5 (192.75, 345) 125 (50, 177.75)
T-MACS 5 672 379 (250, 602.5) 584 (347.25,957.75) 360 (240, 518.5) 151.5 (74, 277)
No guideline 9 594 18 339 (234.5,512.75) 514 (327, 817.5) 312 (223, 450) 125.5 (54, 220.75)
Serial troponin rule-out strategies
Timing of serial samples

0-1hour 22 2160 59 313 (216, 492) 449 (266.25, 772) 291 (210.75, 427.25) 111 (56, 192)
0-2hours 12 802 7 324 (224, 503) 360 (196.5, 652) 322 (235, 444.25) 89 (44.5,161.5)
0-3hours 54 5022 70 344 (229, 523) 484 (252, 813) 322 (224, 460.25) 127 (60, 226.5)
0-6hours 3 228 4 327.5 (224, 513.25) 456 (254.5, 699.25) 308.5 (208.5,487.25)  146.5 (81, 290.75)
0-12 hours 1 22 2 266.5 (190, 527.25) 938 (728, 1363) 218 (181, 337) 96 (45, 151.75)
0 variable 1 94 2 3445 (262.25,466.5)  328(193,514.5) 354.5 (280.5, 438) 134 (28, 229)
No guideline 1 91 0 322 (228.5, 449) 466 (319, 599) 297 (221.5, 402) 185 (86, 227.5)

Single troponin rule-out strategies are grouped by minimum time from symptoms after which ACS could be ruled out with a single sufficiently low troponin. Serial troponin rule-
out strategies are grouped by intended time between tests.

ACS, acute coronary syndrome; LOS, length of stay.

>

Single troponin rule-out strategy (time from symptom onset)

O

Serial troponin rule-out strategy (time between tests)

Figure 3  Emergency care length of stay by rule-out strategy visualised as raincloud plots. Box and whisker plots show median and IQR. Single
troponin rule-out strategies are grouped by minimum time from symptoms after which ACS could be ruled out with a single sufficiently low troponin.
Serial troponin rule-out strategies are grouped by intended time between tests. (A) Single troponin rule-out strategies, all patients. (B) Single troponin
rule-out strategies by disposition (admitted or discharged). (C) Serial troponin rule-out strategies, all patients. (D) Serial troponin rule-out strategies by
disposition (admitted or discharged).
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DISCUSSION

Our study of ACS rule-out strategies in 94 UK EDs saw wide-
spread adoption of hs-cTn assays and rapid rule-out strategies
with heterogeneity in recommended troponin timings. There
was little difference in median LOS between strategies. The
mixed effects models described a significant difference in LOS
among admitted patients only, who, given the study design, will
not have had ACS successfully ruled out. The median LOS was
just over 5.5 hours overall and just under 5.5 hours for those
discharged. A representative cohort was recruited, with a similar
proportion of patients meeting MI diagnostic criteria and the
study cohort accounting for a similar proportion of overall ED
attendances as previously seen.'

This study demonstrates continued adoption of hs-cTn
and rapid ACS rule-out strategies. A survey of English hospi-
tals published in 2020 reported 84% using hs-cTn and 75%
employing rapid rule-out serial troponin approaches (60%
0-3hours, 4% 0-2hours, 9% 0-1hours).'"’ In comparison,
our study reports near-universal hs-cTn use and 94% of sites
employing rapid rule-out serial troponin approaches (57.4%
0-3 hours, 12.8% 0-2hours, 23.4% 0-1hour). Our study also
reports widespread adoption of single troponin discharge guide-
lines (89.4%) with 8.5% of sites allowing ACS rule-out based
on an arrival troponin below the LOD regardless of symptom
timing. Rapid rule-out approaches appear widely acceptable to
clinicians with 69.3% of patients discharged from the ED or
SDEC, 48.8% after a single troponin.

Previous studies assessing the impact of rapid rule-out strate-
gies have seen effects on LOS; however, these were not UK based
and included specialised settings such as a chest pain assessment
units.”! These studies have demonstrated a reduced LOS with the
introduction of hs-cTn within 0-3 hours strategies and further
reductions with 0-2hours and 0-1hour strategies.”'* Median
LOS as low as 2.5 hours has been seen with the ESC 0-1hour
strategy, notably in the context of good pathway adherence and
median time between collection of first and second troponin
sample of 65 min.**

The lack of difference in LOS between rule-out strategies
in our study likely reflects system pressures and ED crowding.
Delays in seeing a clinical decision-maker and difficulties in
achieving intended troponin timings are likely contributory
factors. Median TTBS was 120 min (IQR 57-212) and median
time from arrival to the receipt of the first sample in the labora-
tory was 87 min (IQR 54-141). Initial troponin was collected as
early as 22 min after arrival in a German study testing the ESC
0-1hour strategy.” Adherence to intended troponin timings has
been an issue with implementation of this strategy in the UK.*
UK NHS laboratories are equally subject to intense demand and
experience delays in analysis. Variation in TTBS in our study
between rule-out strategies may confound the mixed effect model
LOS analysis, although the model included a random effect for
site which will partly mitigate this. The impact of system pres-
sures was recognised in the LoDED study, a UK randomised
controlled trial (RCT) considering single troponin rule-out
based on an arrival test irrespective of symptom onset time.* A
UK-based RCT as part of the High-STEACS study did however
see a reduction in median LOS of up to a third in all patients and
by half in those discharged.’ The low rate of risk score documen-
tation potentially implies pathway non-adherence alongside the
issue of system pressures.

Our study saw only 30.1% of patients with a LOS below the
current UK 4-hour target. The influence of this target is notice-
able in the visualisation of LOS, with a spike at, or just before

4 hours, especially among discharged patients, across rule-out
strategies (figure 2). The LOS visualisation also demonstrates a
shorter LOS in those attending the site with a 0-12 hour strategy
likely due to higher rates of inpatient admission for serial testing.
This site accounted for a small number of patients (n=22) and
LOS was not seen to be significantly different to other strategies
in the mixed effects modelling.

While our study did not assess diagnostic performance, both
serial and single troponin rapid rule-out approaches using
hs-cTn have been seen to be highly sensitive with low false nega-
tive rates.*> 272

A highly cited single-centre UK study published in 2005
reported chest pain accounting for 6.0% of ED attendances with
ECG evidence of ACS in 11.0% and clinically diagnosed ACS in
34.5%." Our study provides a more current and generalisable
estimate of these figures. We observed suspected cardiac chest
pain accounting for 5.3% (8563/160 669) of adult ED atten-
dances, 15.2% meeting the fourth universal definition of MI and
a clinical discharge diagnosis of ACS in 10.5%.

Future research should explore why ACS rule-out strategies
are not performing as intended, the impact of ED crowding and
whether pathway non-adherence contributes. Researchers and
clinical teams should consider whether rapid rule-out strategies
can be implemented in a manner that results in reduced LOS,
including the role of SDEC. The health economic impact of the
widespread adoption of rapid rule-out strategies should also be
considered.

Limitations and strengths

Our study did not measure major adverse cardiovascular events
beyond initial presentation or assess rule-out strategy safety.
Follow-up was limited to diagnostic investigations relevant to the
fourth universal definition of MI. ECGs were not centrally reviewed
and local senior clinician consensus was relied on. MI diagnostic rates
were similar to those in a comparable cohort.! The study recruited
over 6 weeks and therefore may be affected by seasonal variation in
emergency care activity.

Due to the strength of the TERN model, our study recruited
from a large number of UK EDs and is therefore highly generalis-
able within UK settings. To maximise consecutive recruitment, our
study used flexible recruitment dates and prospective and retrospec-
tive identification of participants, consistent with other observational
studies recruiting high-frequency ED presentations.”’ The propor-
tion of overall presentations recruited was consistent with previous
similar work despite a greater number of sites."

CONCLUSIONS

There is heterogeneity in ACS rule-out in the UK with widespread
adoption of a variety of rapid rule-out strategies. Despite this hetero-
geneity, little difference is seen in LOS between approaches, and
the median LOS is over 5.5 hours. Suspected cardiac chest pain
continues to represent a significant proportion of ED attendances
with the majority of patients discharged from the ED and SDEC.
Future research should consider why rapid rule-out strategies are
underperforming and whether they can be implemented in a manner
that results in the intended reduced LOS.
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