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Purpose: To assess the extent to which accelerated diagnostic protocols (ADPs), compared to
traditional care, identify patients presenting to emergency departments (EDs) with chest pain
who are at low cardiac risk and eligible for early ED discharge.

Patients and methods: Retrospective study of 290 patients admitted to hospital for further
evaluation of chest pain following negative ED workup (no acute ischemic electrocardiogram
[ECG] changes or elevation of initial serum troponin assay). Demographic data, serial ECG and
troponin results, Thrombolysis in Myocardial Infarction (TIMI) score, cardiac investigations, and
outcomes (confirmed acute coronary syndrome [ACS] at discharge and major adverse cardiac
events [MACEs]) over 6 months of follow-up were analyzed. A validated ADP (ADAPT-ADP)
was retrospectively applied to the cohort, and processes and outcomes of ADP-guided care were
compared with those of care actually received.

Results: Patients had mean (£SD) TIMI score of 1.8 (£1.7); six (2.0%) patients were diagnosed
with ACS at discharge. At 6 months, one patient (0.3%) re-presented with ACS and two (0.6%)
died of non-coronary causes. The ADAPT-ADP defined 97 (33.4%) patients as being at low
risk and eligible for early ED discharge, but who instead incurred mean hospital stay of 1.5
days, with 40.2% in telemetry beds, and 21.6% subject to non-invasive testing with only one
positive result for coronary artery disease. None had a discharge diagnosis of ACS or developed
MACE at 6 months.

Conclusion: Compared to traditional care, application of the ADAPT-ADP would have allowed
one-third of chest pain patients with initially negative investigations in ED to have been safely
discharged from ED.

Keywords: chest pain, accelerated diagnostic protocol, investigation, coronary outcomes

Plain language summary

Chest pain accounts for about 1 in 12 presentations to emergency departments (EDs). In ruling
out acute coronary events and preventing any complications after discharge, most patients have
traditionally either had prolonged stays in ED or been admitted for further evaluation. But most
will be shown to have a non-coronary condition. Accelerated diagnostic protocols (ADPs) can
identify low-risk patients eligible for safe, early discharge from ED. But do hospitals actually
use these protocols, and if not, how many patients may be subject to unnecessary overnight
stays and low-yield investigations? We analyzed care received by 290 patients presenting to
ED with chest pain who did not have coronary events confirmed on arrival. They compared
care actually received with care patients would have received if an ADP had been followed.
They found that only 2% of these patients had a coronary event diagnosed by the time of

hospital discharge, and none died from a coronary event up to 6 months later. If the ADP had
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been applied, a third of these patients could have been discharged
from ED. Instead, they incurred an average stay in hospital of 1.5
days and a fifth underwent tests for coronary artery disease (CAD)
which were negative in 99% of cases. This study indicates that for
patients presenting to ED with chest pain, decisions to admit them
to rule out coronary disease should not rely on clinical judgment
alone but incorporate ADPs in reducing unnecessary hospital stays

and investigations.

Introduction

Presentations with chest pain for further evaluation are
one of the most common reasons for hospital admission
from emergency departments (EDs).! In Australia, around
500,000 patients present each year with possible cardiac
chest pain to EDs nationwide, accounting for around 8%
of all ED presentations.? The majority will incur a hos-
pital stay to undergo further assessment,® with up to half
being admitted overnight to inpatient wards.* While chest
pain may be the first manifestation of an acute coronary
syndrome (ACS), no more than 15% of such patients will
have this diagnosis subsequently confirmed.*> However,
clinical findings alone cannot definitively rule out ACS,°
and discharging patients from ED, in the absence of more
extensive investigation, raises anxiety about missing a
diagnosis of ACS and incurring the clinical and medicolegal
risk of subsequent major adverse cardiac events (MACEs).
On the other hand, unnecessary inpatient cardiac workup
in patients with low-risk chest pain delays discharge from
hospital, causing congestion in ED and receiving medi-
cal wards, such as medical assessment and planning units
(MAPUs), and incurring costs.*

Studies indicate that accelerated diagnostic protocols
(ADPs), several of which use the Thrombolysis in Myocar-
dial Infarction (TIMI) score to stratify risk,” can reliably
identify low-risk patients who do not require inpatient
investigations and can be rapidly discharged from ED.% 1
These patients demonstrate 30-day MACE rates less than
1% — a figure most ED physicians'' and patients'? accept as
the safety threshold for early discharge with investigations
performed, as necessary, as an outpatient. Such protocols
have been endorsed in Australian,' United States,!* and
European's clinical practice guidelines, but the extent to
which they have been adopted is unclear. One ADP, named
ADAPT (2-hour Accelerated Diagnostic Protocal to Access
Patients with Chest Pain Symtoms Using Contemporary
Troponins as the Only Biomarkers), which used the TIMI
score and results of sensitive troponin assays performed at
least 2 hours apart from the time of ED presentation, was
shown in a prospective trial to be more than 99% sensitive

in identifying the 10-20% of patients who are at low risk
(<1%) of 30-day MACE among all patients presenting with
possible ACS to ED of study hospitals.’

The aim of this study was to determine the clinical char-
acteristics, risk level, investigations performed, and medium-
term outcomes of consecutive patients with possible ACS
admitted to a MAPU of a large tertiary hospital (received
care) and to compare care processes and outcomes with
those that may have transpired if the same cohort had been
subjected to the ADAPT-ADP (ADP-guided care).

Patients and methods

This retrospective study included all consecutive patients
with chest pain admitted for further evaluation to the MAPU
at Princess Alexandra Hospital between February 1, 2012
and June 1, 2012 in whom initial investigations in ED were
not confirmatory for ACS. The hospital has 640 acute beds
and services a catchment population of 600,000. During this
period, hospital practice was to admit patients with uncon-
firmed but possible ACS (no ischemic changes on initial
electrocardiogram [ECG] and non-elevated initial serum
troponin in ED) to the MAPU under a cardiologist or general
physician following consultation between an emergency phy-
sician and cardiology/general medical registrar. Excluding
patients with clear cut evidence of myocardial infarction or
other diagnoses on presentation, around a third of patients
with undifferentiated chest pain are discharged from ED after
sole review by emergency physicians, and the remainder are
admitted for further evaluation (Dr James Collier, Co-director
of Emergency Medicine, personal communication, March,
2012). During the study period, hospital guidelines stipulated
that all patients undergo at least two serial ECGs and two
troponin assays within the first 6 hours of ED presentation.
However, guidelines did not mandate calculation and docu-
mentation of TIMI scores on patients, or recommend how
patients should be managed in terms of cardiac investigations
or use of telemetry. Such decisions were left to the discretion
of the treating cardiologist/general physician.

Data were collected from medical notes, discharge sum-
maries, and electronic pathology (Auslab) and radiological
(WEB1000) databases and comprised demographic details,
initial description of chest pain (being either atypical or typi-
cal for ischemia based on history), results of serial ECGs and
troponin assays, cardiac investigations performed (including
exercise stress ECG test, rest or stress echocardiogram, myo-
cardial perfusion scan, computerized tomographic coronary
angiography [CTCA], and invasive coronary angiography),
use of telemetry, and length of hospital stay. TIMI scores
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were retrospectively calculated for all patients, with a range
of 0-7.7

Outcomes during the index admission were diagnosis
of ACS and all-cause death, yield of diagnostic tests, and
frequency of coronary revascularization (either percutaneous
coronary intervention [PCI] or coronary artery bypass graft-
ing [CABG]). Outcomes at 6-month follow-up were MACE
defined as all-cause death and readmission for ACS, new-
onset arrhythmia, or congestive heart failure to any public
hospital throughout the state, as ascertained using state-wide
public hospital electronic databases via Viewer software. As
access to death registries was not available, entries in Viewer
reporting deaths within 6 months or confirming survival
by any clinical encounter beyond 6 months were used to
ascertain all deaths.

The ADAPT-ADP, as described in Table 1,” was applied
retrospectively to the same cohort in identifying low-risk
patients whose clinical characteristics, investigations, and
outcomes at 6 months were evaluated and then compared to
those of the remaining non-low-risk patients.

Chi-square/Fisher’s exact test and Student’s #-tests were
used to compare proportions and normally distributed means
involving binary or continuous variables, respectively. As this
study was originally intended as a quality assurance review and
retrospectively analyzed routinely collected data on completed
episodes of care with reporting of anonymized data and no need
for informed patient consent or patient contact, need for ethical
approval was waivered by the Director of Clinical Governance.

Results

A total of 290 patients with initially negative cardiac workup
in ED (no ischemic changes on ECG and non-elevated initial
troponin assay) were included in the study. Their characteristics
are summarized in Table 2. Mean age was 58.6 (£SD 14.4) years
and 168 (58.0%) patients were male. All patients underwent two

Table | ADAPT-ADP score

Criteria

All criteria have to be negative for the ADP to be considered negative

and for the patient to be identified as low risk:

|. Serum troponin at 0 and 2 hours below institutional cutoff for an
elevated troponin concentration

2. No new ischemic changes on initial ECG in ED

3. TIMI score = 0 where criteria f and g of the TIMI score are redundant
on the basis of criteria | and 2, where initial serum troponin in ED (at
0 hours) is not elevated and initial ECG shows no ischemic changes,
ie, maximum TIMI score =5

Note: Data from Than M, Cullen L, Aldous S, et al. A 2-hour Accelerated Diagnostic
Protocol to Assess Patients with Chest Pain Symptoms Using Contemporary Troponins
as the Only Biomarker: the ADAPT Trial. | Am Coll Cardiol. 2012;59(23):2091-2098.°
Abbreviations: ED, emergency department; ECG, electrocardiogram; TIMI,
Thrombolysis in Myocardial Infarction; ADP, accelerated diagnostic protocol.

serial ECGs and two serial troponin assays within 6 hours of ED
presentation. One hundred seventy-one (59.0%) patients were
admitted under cardiologists and the remainder under general
physicians. The mean length of hospital stay was 1.6 (£SD 1.2)
days and 121 (41.3%) were admitted to telemetry beds. Sixty-
seven (23.1%) patients had a previous diagnosis of CAD, of
whom 16 (5.5%) had undergone previous PCI and 30 (10.3%)
previous CABG. The mean (£SD) TIMI score was 1.8 (£1.7).

Received care analysis

Of'the 290 patients, six (2.0%) were subsequently confirmed as
having ACS at discharge as a result of elevated troponin assays
performed within 6 hours following the initial non-elevated
assay in ED (n=4), new ischemic ECG changes and elevated
troponin (n=1), and one patient diagnosed with unstable angina
who underwent coronary angiogram and PCIL.

Non-invasive testing

A total of 112 patients (38.6%) underwent non-invasive
testing: 53 (18.3%) underwent exercise stress ECG tests of
whom only two (3.8%) showed positive results (Figure 1).
Other dynamic tests performed in 16 patients included
exercise stress echocardiograms (n=5), dobutamine stress

Table 2 Patient characteristics, care processes, and clinical
outcomes (n=290)

Characteristics

Age (years) 58.6t14.3
Males 168 (58.0)
Known CAD 67 (23.1)
Typical ischemic chest pain 62 (21.3)
Atypical chest pain 228 (78.6)
Hypertension 98 (33.7)
Diabetes mellitus 44 (15.1)
Dyslipidemia 51 (17.5)
Smoking 57 (19.6)
Family history of CAD 35 (12.0)
Use of telemetry beds 121 (41.3)
Length of hospital stay 1.6 (£1.2)
TIMI score 1.8 (£1.7)
Non-invasive testing 112 (38.6)
Non-invasive testing with positive results 4(1.3)
Coronary angiography 5(1.7)
Coronary angiography with positive results 4(1.4)
Confirmed diagnosis of ACS at discharge 6 (2.0)
Major adverse events at 6 months 6 (2.1)
All-cause death 2 (0.7)
Acute coronary syndrome 1(0.3)
New-onset arrhythmia 2 (0.6)
Heart failure 1 (0.3)
Coronary revascularization at 6 months 1(0.3)

Note: Results expressed as number (percentage) or mean (£SD).
Abbreviations: CAD, coronary artery disease; ACS, acute coronary syndrome;
TIMI, Thrombolysis in Myocardial Infarction.
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Figure | Investigations performed with results.

Abbreviations: EST, exercise stress ECG; CTCA, computerized tomographic coronary angiography; ESE, exercise echocardiogram; DSE, dobutamine stress echocardiograph;

MPS, myocardial perfusion scan; ECG, electrocardiogram.

echocardiograms (n=9), and myocardial perfusion scans
(n=2), none of which were positive for CAD. CTCA was
performed in 45 (15.5%) patients with two (4.5%) returning
a positive result. Two patients had non-conclusive exercise
stress ECG tests, with one undergoing myocardial perfusion
scan and the other CTCA, both of which were negative. Of
all 114 tests performed (two patients had more than one test),
only four (3.5%) were positive for CAD. Comparing baseline
characteristics of the112 patients who underwent testing with
the 178 who did not (Table 3), the only significant difference
was a higher prevalence of past history of CAD among those
not tested (28.6% vs 5.3%, p<0.001).

Invasive testing and management

Five (1.5%) underwent coronary angiography, with one
undergoing PCI and none referred for CABG. Of the six
patients diagnosed with ACS, four demonstrated CAD on
angiography, one of whom had prior history of PCI. Mean
TIMI score for all patients undergoing invasive coronary
interventions was 3.4 (£2.7). The remaining patients with
ACS presumptively diagnosed during their hospital stay
received medical management, as did the two patients with
positive CTCA.

Follow-up period

All 290 patients were followed up for a 6-month period
after discharge. Two patients (0.7%) subsequently died, one
receiving palliative care for advanced multi-morbidity and
the other from long-standing refractory congestive heart
failure. Forty-seven of 290 (16.2%) patients were readmitted,

Table 3 Characteristics of patients who underwent non-invasive
testing vs no testing

Characteristics Non- invasive No test
tests (n=112) (n=178)
Age (years) 57.1 (£12.7) 58.8 (x13.3)
History of CAD 6 (5.3) 51 (28.6)*
Males 69 (61.6) 109 (61.1)
Typical ischemic chest pain 17 (12.7) 24 (13.4)
TIMI score 1.8£1.6 1.7£1.5

Notes: Results expressed as number (percentage) or mean (+SD); *p<0.05 for
comparison of groups.

Abbreviations: CAD, coronary artery disease; TIMI, Thrombolysis in Myocardial
Infarction.

one with confirmed diagnosis of ACS (0.3%) who underwent
urgent PCI (TIMI score =4), and 46 with non-ACS diagno-
ses which included stable angina (n=4), atypical chest pain
(n=22), gastro-esophageal reflux (n=4), musculoskeletal
chest pain (n=8), and other non-cardiac causes (n=7). One
patient underwent a second PCI as an elective procedure for
known CAD.

ADP-guided care analysis

All patients in our cohort met the first two criteria of the
ADAPT-ADP (Table 1) which stipulate that the initial ECG in
ED shows no ischemic changes and the initial and subsequent
troponin assays were not elevated. The third criteria required
TIMI score of 0, and all three criteria were met in 97 (33.4%)
patients. The characteristics, management, and outcomes of
these 97 patients are listed in Table 4 and compared with those
of patients with a TIMI score of 1 or more. The majority (81
[83.6%]) presented with atypical chest pain, almost half (39
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Table 4 Clinical characteristics, care processes, and outcomes
of patients deemed low risk by accelerated diagnostic protocol
compared to non-low-risk patients

Characteristics Low risk  Non-low
(n=97) risk
(n=193)
Age (years) 574 (x14.2) 59.2 (x144)
Male 52 (53.6) 116 (60.1)
Typical ischemic chest pain 16 (16.4) 46 (23.8)
Atypical chest pain 81 (83.6) 147 (76.2)
Use of telemetry beds 39 (40.2) 82 (42.4)
Length of hospital stay 1.5 (1.1) 1.6 (+1.2)
Non-invasive testing 21 (21.6) 91 (47.2)*
Non-invasive testing with positive results | (1.0) 3 (l.6)
Coronary angiography 0(0) 5(2.6)
Coronary angiography with positive results 0 (0) 4(2.1)
Confirmed diagnosis of ACS at discharge 0 (0) 6 (3.1)
In-hospital coronary revascularization 0(0) 1 (0.5)
Major adverse cardiac events at 6 months 0 (0) 6 (3.1)
Coronary revascularization at 6 months 0(0) 1 (0.5)

Notes: Results expressed as number (percentage) or mean (£SD); *p<0.05 for
comparison between groups.
Abbreviation: ACS, acute coronary syndrome.

[40.2%]) were admitted to telemetry beds, and a fifth (21;
21.6%) underwent non-invasive testing during a mean length
of stay of 1.5 days, of whom only one returned an equivocally
positive stress ECG test. None of these patients, including the
latter, had a discharge diagnosis of ACS, underwent coronary
angiography, or developed MACE at 6 months of follow-up.
Compared to non-low-risk patients (TIMI score of 1 or more),
low-risk patients were more often admitted to telemetry beds
(52.6% vs 37.3%, p=0.03) but underwent fewer non-invasive
tests (21.6% vs 47.2%, p<0.001).

Discussion
This review of consecutive patients admitted to a tertiary
hospital MAPU with chest pain following initially negative
investigations in ED yielded several key findings. Only 2%
were subsequently confirmed as having ACS, less than 4%
returned positive results for CAD on non-invasive testing,
only 2% demonstrated CAD at coronary angiography, and
less than 1% underwent coronary revascularization during
the hospital stay. There were no in-hospital deaths and all
subsequent deaths over the following 6 months were from
non-coronary causes; less than 1% re-presented with ACS.
If the ADAPT-ADP had been applied, a third of these
patients could have been safely discharged from ED following
a non-elevated 2-hour troponin level. Instead, they incurred
an overnight hospital stay of 1.5 days on average, occupied a
telemetry bed in almost half the cases, and underwent inves-
tigations at a rate of 1 in 5. Several studies have documented

the very low incidence of MACE in patients with chest pain
deemed to be at low to intermediate risk, ranging from less
than 1% to no more than 1.7%, respectively, at 30 days of
follow-up.>'%!” Our study involved longer follow-up with
no further increase in MACE rates above 1% at 6 months.

More evidence is emerging of the utility and safety of ADPs
which identify patients at low risk (<1%) of MACE at 30 days.
Combining the ADAPT-ADP with a clinical risk score based
on patient characteristics and presenting symptoms, the Emer-
gency Department Assessment of Chest Pain Score identifies
as many as 50% of patients presenting with possible cardiac
chest pain as being at low risk (<1%) for MACE at 30 days.'®
More recently, substituting high-sensitivity troponin assays for
sensitive assays at 0 and 2 hours after presentation identified
40% of patients with TIMI scores of either 0 or 1 as being at
low risk and eligible for early discharge."”

Adoption of ADPs helps to decongest EDs and MAPUs,
reduces patient inconvenience, and avoids adverse events
incurred by unnecessary and, in some cases, invasive man-
agement. A study of over 11,000 patients in the United
States identified a 15-fold risk of care-related complications
compared to benefits realized in terms of prevented MACE
among low-risk patients who were admitted for investiga-
tion.’ In addition, 40% of patients in our study occupied the
limited number of telemetry beds, despite definitive evidence
of the low utility of telemetry in low-risk patients in whom
less than 1% develop arrhythmias.?-2*

In hospitals in Queensland, Australia, initiatives aimed at
systematizing the use of ADPs have shown increased numbers
of low-risk patients being discharged more quickly from ED.
A study done in one hospital showed that with the introduc-
tion of an accelerated chest pain pathway, 19% of patients
with undifferentiated chest pain who were discharged from
ED within 3 hours (average of 163 minutes ED length of stay)
over a 7-month period suffered no MACE during a 4-week
follow-up period.? A more recent and extensive interrupted
time series evaluation of the use of the ADAPT-ADP across
16 Queensland hospitals showed that, over 12 months after
ADP implementation, 21% of patients presenting to ED
with chest pain were categorized as being at low risk and
eligible for early discharge.?® Change in practice resulted in
a decrease in hospital admission rate from 68.3% to 54.9%
and decrease in mean hospital length of stay from 57.7 to
47.3 hours (p<0.01 for both comparisons). Use of an ADP in
three EDs in the state of Victoria, which adopted TIMI score
<3 as low risk, allowed 83% of 1547 patients with low-risk
chest pain to be discharged from ED, with only one (0.09%)
suffering from MACE at 30 days, compared to discharge of
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only 31% of 747 similar low risk patients who were managed
using a traditional care pathway.?’ In a prospective observa-
tional study, use of a similar ADP in a regional hospital in
New Zealand resulted in early and safe discharge of 70% of
patients presenting to ED with undifferentiated chest pain.?®

Among patients classified as being at non-low risk,
the optimal and most cost-effective means of non-invasive
testing for stratifying risk of CAD remains unclear, as each
testing modality (stress ECG, CTCA, stress imaging) has
its strengths and limitations. Same-day exercise stress ECG
testing in patients who can exercise and have an interpretable
ECG, combined with an ADP, is widely available, safe and
efficient, and has high negative predictive value.?” Exercise
stress ECG testing can also be safely deferred to outpatient
settings in low-to-intermediate risk patients.?® However,
recent randomized trials suggest CTCA, in patients with
no contrast allergies or significant renal disease, is superior
to stress ECG in ruling out ACS and enabling more rapid
discharge from ED.*"* Guidelines for CTCA in the ED have
been developed,®® and recent reviews suggest CTCA may be
the more cost-effective testing option, although in low-risk
patients (TIMI score of 0), a no-testing strategy may be pre-
ferred.> In this study, exercise stress ECG (a dynamic test)
and CTCA (an anatomical test) were used in roughly equal
numbers of patients. However, irrespective of the test used,
the positive yield for CAD of all non-invasive tests combined
was less than 5%, and the only predictor of non-testing was
a known history of CAD. The reasons why clinicians chose
to test or not test were not able to be ascertained from chart
documentation.

This study has some limitations. It was a retrospective
analysis reliant on accuracy of medical notes, and diagnoses
of troponin-negative unstable angina made by treating clini-
cians, in the absence of objective verification, may have been
incorrect, although this applied to only one patient. Similarly,
rise and fall in elevated troponin levels were not scrutinized
by the authors to confirm myocardial infarction; instead we
accepted the discharge diagnosis assigned by the treating con-
sultant. The study focused on patients admitted to MAPU of
atertiary hospital with access to a range of testing modalities,
and our results cannot be generalized to other hospitals with
different testing modalities and admission policies. While we
were unable to ascertain in-hospital deaths or readmissions of
patients presenting to private hospitals or hospitals outside of
Queensland, all patients were Queensland residents lacking
private health insurance.

Study strengths included the detailed analysis of patient
characteristics and investigations performed and the long

follow-up of 6 months, with ascertainment of survival status
in every patient, providing further confirmation of the very
low medium-term mortality, or MACE rates in low-risk
patients.

Conclusion

This study demonstrates that the majority of patients with
chest pain admitted to a MAPU after initially negative inves-
tigations in ED are at low risk for ACS, either in hospital
or following discharge. Testing procedures for ruling out
CAD in such patients can be deferred to outpatient settings
but need to be highly selective, as current testing patterns
are associated with very low rates of positive results. If the
ADAPT-ADP had been applied, at least a third of patients
could have been safely discharged from ED. Contemporary
evidence and guidelines argue for a more systematic applica-
tion of ADPs centered on TIMI scores and initial ECGs and
troponin assays in identifying patients at low risk who can
be spared admission to MAPUs and subsequent low-yield
in-hospital cardiac testing.
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