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Figure 1 Patients inclusion. ED, emergency department;
LRHSs, low-risk heart scores; NISI, non-invasive stress
imaging.

with LRHSS7; in this study, MACE was defined as coro-
nary revascularisation, myocardial infarction (MI), or
all-cause death. Consequently, these statistics cannot be
disregarded.®’

In clinical practice, patients with LRHS (scores 0-3)
represent a challenging subgroup, imposing a burden on
healthcare facilities with their recurrent visits for chest
pain, and presenting a clinical dilemma regarding the
optimal diagnostic approach to be employed.®

Prominent cardiovascular organisations continue to
recommend non-invasive stress imaging (NISI) assess-
ments for inpatients with acute chest pain or after hospital
discharge given its high value in ruling-out obstructive
coronary artery disease (CAD) and ability to predict
short-term and long-term MACE.? The most commonly
employed NISI examinations encompass stress echocardi-
ography (SE), single-photon emission CT (SPECT), posi-
tron emission tomography and cardiovascular magnetic
resonance imaging.” NISI provides crucial insights into
both the burden of CAD and myocardial ischaemia, facil-
itating the refinement of risk assessment and guiding
subsequent management decisions.'’

Despite the growing interest in using downstream NISI
for risk stratification in patients with low HEART risk
scores, there remains a paucity of evidence regarding their

Table 1 Other baseline characteristics of the study
population

Variables

B4=14
714 (51.6%)

Age /years mean+SD

Men, n (%)

Race/ethnic background
White 605 (43.7%)
Black 104 (7.5%)
Others 675 (48.8)

Diabetes, n (%) 251 (18.1%)

Hypertension, n (%) 740 (53.5%)

Dyslipidaemia, n (%) 640 (46.2%)

Smoking, n (%) 236 (17.1%)

Family history of coronary artery disease, n (%) 370 (26.7%)

previous history of coronary artery disease, n (%) 184 (13.3%)

(
(
(
(

HEART score=0 102 (6.9%)
HEART score=1 476 (35%)
HEART score=2 520 (37.6%)
HEART score=3 286 (20.5%)

Stress test imaging, n (%)

Stress echocardiography 988 (72%)

SPECT 411 (29.7%)
Stressing methods, n (%)

Dipyridamole 731 (52.8%)

Treadmill 617 (44.6%)

Dobutamine 36 (2.6%)
ECG changes during stress, n (%) 95 (6.9%)
Hypertensive response to stress test, n (%) 110 (7.9%)

clinical effectiveness and impact on patient outcomes.
This highlights the need for further research to evaluate
the role of NISI in this specific patient population and to
assess its potential to enhance risk stratification and clin-
ical decision-making. Therefore, this study aims to inves-
tigate the effectiveness of downstream NISI in stratifying
risk and predicting cardiac events in patients presenting
with chest pain who were discharged early from the ED
due to LRHSs.

Material and methods

Study design and population

We conducted a prospective single-centre interventional
study in Ontario province, Canada. Between March 2019
and March 2021, an assessment was conducted to deter-
mine the eligibility for study enrolment of all patients who
presented to the ED with suspected cardiac chest pain.
ED physicians used the HEART score for risk stratifica-
tion and ACS probability assessment. The initial evalua-
tion included five key components: the presenting history
of the patient, ECG, age, cardiovascular risk factors and
troponin levels. Patients with LRHSs (defined as scores
of d3) were discharged from the ED in <6hours without
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Table 2 Univariable Cox regression analysis for prediction primary endpoints (MACE; death, non-fatal Ml and significant

coronary stenosis)

Variable Events n=58 No events n=1326 HR (95% CI) P value
Age, years (mean=SD) 62.1+13 63.7+14 0.99 (0.97 to 1.01) 0.37
Men, n (%) 33 (56.9) 681 (51.4) 1.25(0.74 t0 2.11) 0.39
Diabetes, n (%) 17 (29.3) 234 (17.6) 1.92 (1.09 t0 3.38) 0.024
Hypertension, n (%) 30 (51.7) 710 (53.5) 0.93 (0.55 to 1.55) 0.76
Dyslipidaemia, n (%) 27 (46.6) 613 (46.2) 1.02 (0.61 t0 1.70) 0.94
Smoking, n (%) 9(15.5) 227 (17.1) 0.89(0.43101.81) 0.75
Family history of CAD 15 (25.9) 355 (26.8) 0.96 (0.53t0 1.71) 0.95
History of CAD, n (%) 15 (25.9) 169 (12.7) 2.29 (1.28t0 4.13) 0.006
HEART score=0, n (%) 4 (6.9) 98 (7.4) 0.1.1(0.34t0 1.67) 0.63
HEART score=1, n (%) 14 (24.1) 462 (34.8) 0.85(0.4510 1.21) 0.34
HEART score=2, n (%) 15 (25.9) 505 (38.1) 0.88 (0.46 t0 1.32) 0.52
HEART score=3, n (%) 25 (43.1) 261 (19.7) 1.52 (11110 2.13) 0.006
Presence of ECG change during stress test, n (%) 12 (20.7) 83 (6.3) 3.72(1.97 10 7.02) <0.0001
Hypertensive response, n (%) 1(1.8%) 109 (8.2) 0.21 (0.03 to 1.49) 0.11
Positive imaging stress test, n (%) 25 (43.1) 43 (3.2) 17.98 (10.69 to 30.28) <0.0001

CAD, coronary artery disease; MACE, major adverse cardiovascular events; Ml, myocardial infarction.

further intervention and were included in our anal-
ysis. All included patients provided a written informed
consent to participate in the study and agreed to undergo
the NISI test. They were followed up after <30 days by a
cardiologist in a dedicated chest pain clinic designed for
the study. The exclusion criteria were as follows: patients
with obvious non-cardiac chest pain, such as musculoskel-
etal or traumatic cases; see figure 1.

Non-invasive stress imaging

All the included patients underwent SE or SPECT, as
these are the most commonly available NISI in real-world
clinical practice. The treadmill was the recommended
exercise method for physically active patients, while
pharmacological stress agents (dobutamine for SE and
dipyridamole for SPECT) were used for physically inac-
tive individuals. The choice of imaging modalities (SE vs
SPECT) was primarily determined through patient—physi-
cian conversations (radiation risk and anthropometric
implications on test diagnostic accuracy), test booking
capacity and patient preferences.

SE results were assessed according to the American
Society of Echocardiography guidelines."" The studies
were defined as normal (normally augmented myocar-
dial segments), abnormal (new regional wall motion
abnormalities suggestive of stress-inducible myocardial
ischemia) or inconclusive (uninterpretable images).
SPECT scan was performed using Technetium-99m
with a 2-day stress/rest protocol. The reporting of the
SPECT studies adhered to the guidelines of the Amer-
ican Society of Nuclear Cardiology.'® Results were cate-
gorised as normal (no reversible perfusion defects),
abnormal (presence of >5% reversible perfusion defects

or transient left ventricular dilatation without perfusion
defects) or inconclusive (uninterpretable images).

Chest pain clinic follow-up

Following NISI testing, a cardiologist examined all patients
atadedicated chest pain clinic. Patients with stress-induced
ischaemia involving >1 segment in SE or the presence of
reversible perfusion defects in>10% of the myocardium in
MPI were classified as high-risk scans. The ultimate deci-
sion for further evaluation using invasive coronary angi-
ography (ICAG) was based on the results of the NISI tests,
symptom recurrence and the presence of multiple risk
factors. Patients with normal and low-risk NISI scans, or
those with insignificant coronary artery stenosis detected
through ICAG, received ongoing medical treatment.
Conversely, patients with haemodynamically significant
coronary artery lesions underwent coronary revasculari-
sation, guided by angiographic findings and a consensus
reached by a multidisciplinary ‘Heart Team’.

Outcomes

The study cohorts were prospectively followed up for 2
years to assess primary and secondary endpoints. The
primary outcome included cardiac death, non-fatal MI,
or unplanned revascularisation (3 months after NISI) for
significant coronary stenosis (defined as stenosis >70% or
fractional flow reserve <0.8).® The secondary outcome
was defined as repeated ED visits or hospital admissions
related to cardiovascular events, including chest pain and
arrhythmia.7

Statistics analysis
Continuous data are expressed as means and SD, while
categorical variables are presented as numbers and

Abazid RM, et al. Open Heart 2024;11:€002735. doi:10.1136/openhrt-2024-002735

3

“ybuAdoo Aq paroaioid 1sanb Aq 120z ‘ST Jaquiardas uo jwoo’fwgesyuadoy/:dny wolj papeojumoq ‘20z 1snbny Gz uo G£/200-120z-Myuado/ogTT 0T Se payslignd 1siiy :LesH uado


http://openheart.bmj.com/

Open Heart

3

Table 3 Univariable and multivariable Cox regression analysis for prediction of secondary endpoints (cardiovascular-related

readmission or emergency department visit)

Univariable Cox regression Multivariable Cox regression

Patients with

Patients without

secondary secondary
endpoint endpoints

Variable n=60 n=1324 HR (95% CI) P value HR (95% Cl) P value
Age, years 62.1+13 63.7+14 1.00 (0.98 t0 1.02) 0.98 1.01 (0.66 to 1.03) 0.64
Male, n (%) 34 (56.7%) 680 (51.4) 0.79 (0.48 t0 1.33) 0.39 0.84 (0.49 10 1.43) 0.53
Diabetes, n (%) 11 (18.3) 240 (18.1) 1.05 (0.54 t0 2.01) 0.89 1.19(0.59 to 2.41) 0.62
Hypertension, n (%) 28 (476%) 712 (53.8) 0.75 (0.45 to0 1.25) 0.27 0.66 (0.35t0 1.23) 0.19
Dyslipidaemia, n (%) 26 (43.3) 614 (46.4) 0.89 (0.53 to 1.48) 0.65 0.91(0.48t0 1.71) 0.77
Smoking, n (%) 10 (16.7) 226 (17.1) 0.93 (0.4910 1.91) 0.92 0.98 (0.49 to 1.99) 0.97
Family history of CAD, n (%) 13(21.7) 357 (27) 0.76 (0.41 t0 1.39) 0.73 0.77 (0.42 to 1.44) 0.41
History CAD, n (%) 10 (16.7) 174 (13.1) 1.34 (0.68 t0 2.64) 0.39 1.52 (0.71 t0 3.24) 0.28
HEART score=0, n (%) 5 (6.6) 97 (7.3) 78 (0.56 to 1.48) 0.62 0.81 (0.57 t0 1.34) 0.53
HEART score=1, n (%) 22 (36.7) 454 (34.4) 1.02 (0.73 to 1.56) 0.34 1.01 (0.64 to 1.63) 0.32
HEART score=2, n (%) 18 (30) 502 (37.8) 0.89 (0.34 10 2.01) 0.53 0.92 (0.41 t0 1.99) 0.56
HEART score=3, n (%) 15 (26.7) 271 (20.5) 0.95(0.34 10 2.02) 0.61 0.89 (0.44 t0 1.87) 0.47

ECG changes, n (%) 6 (10) 89(6.7) 1.63 (0.70 to 3.80) 0.25 1.55 (0.67 t0 3.63) 0.30
HTN responses, n (%) 5(8.3%) 105 (8) 1.01 (0.41 to 2.52) 0.98 1.03 (0.46 t0 2.44) 0.75
Positive NISI, n (%) 6 (10) 62 (4.7) 3.07(1.32t0 7.15) 0.009 3.06 (1.311t07.14) 0.01
CAD, coronary artery disease; NISI, non-invasive stress imaging.

percentages. To compare categorical variables, the x* test ~ three multivariate Cox regression analyses were

was employed, and for continuous variables, the Student’s
t-test was used.

HR with 95% Cls were calculated using univariate
Cox regression models to assess the association between
clinical and stress variables and the time-to-event of the
primary and secondary endpoints, considering the ED as
the initial time index for our Cox model. Subsequently,

conducted, with adjustments made for clinical variables
(age, gender, traditional CAD risk factors, history of CAD
and HEART scores), stress test variables (ischaemic ECG
changes, hypertensive response to stress test and positive
imaging test for ischaemia), and both clinical and stress
test variables. Finally, survival curves were generated
using Kaplan-Meier analysis. Statistical significance was
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Figure 2 Kaplan-Meier survival analysis showed that abnormal non-invasive stress imaging can significantly predict primary

events at (A)1-year and (B) 2-year follow-up with p value <0.0001.
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Figure 3 Kaplan-Meier survival analysis showed that
abnormal non-invasive stress imaging can significantly
predict secondary events with p value <0.001. MACE, major
adverse cardiovascular events.

set at p<0.05. All data analyses were performed using the
Statistical Package for Social Sciences (SPSS V.22).

RESULTS

Study population

Overall, 1384 patients were included in the final analysis.
Among them, 670 (48.4%) were women, with a mean age
of 64+14 years (range: 20-98 years). The median time
between the ER visit and the stress test was 20 days, with
an IQR of 6 days. The mean follow-up period was 634+104
days. Table 1 summarises other baseline characteristics of
the study population.

Non-invasive stress test results

All patients underwent at least one NISI test. Among the
1384 patients, 988 (72%) underwent SPECT, 411 (29.7%)
underwent SE and 15 underwent SPECT and SE owing to
inconclusive results. The stress methods employed were
as follows: dipyridamole, used in 731 (52.8%); treadmill,
used in 617 (44.6%); and dobutamine, administered in
36 (2.6%). Inducible ischaemia was positive in 28/411
(6.8%) patients based on SE results with 19 patients had
regional wall motion abnormalities in more than one
segment within a single coronary artery territory, while
9 patients had abnormalities in more than one region,
indicating multivessel territory affection. Regarding
SPECT scans, 63/998 (6.4%) patients exhibited revers-
ible ischaemia, with 30 showing mild defects (5%—-10%
of myocardial mass), 22 exhibiting moderate defects
(10%—-20% of myocardial mass), 11 having large defects
(>20% of the myocardial mass) and 21 experiencing
fixed defects.

Invasive coronary angiography

In total, 92/1384 (6.6%) patients underwent ICAG.
Among them, 53/92 (54.3%) patients exhibited signif-
icant coronary artery stenosis, 18 had non-obstructive
CAD and 21 had healthy coronary arteries. Among
patients with significant stenosis, the distribution across
the number of coronary arteries affected was as follows:
27 had single-vessel CAD, 10 with two-vessel CAD and
16 with three-vessel CAD. Regarding the management,
39 patients were treated with percutaneous coronary
intervention, 11 underwent coronary artery bypass graft
surgery and 3 were managed with medical therapy The
indications for undergoing ICAG were abnormal NISI
results in 40/92 (43.5%) patients and clinical indications
in 52/92 (56.5%) patients.

[Patients present to emergency department with chest pain and LRHS <3 ]

yes

HEART Score of 3. 1

Known diabetes mellites.

History of revascularization or CAD. J
yes

@

Are there any contraindications to treadmill test: }

Uninterpretable electrocardiogram, physical
limitations, etc..

Recurrent chest pain / recurrent ED visit }

[ Consider Non-invasive stress imaging N
| o I
\ L
~
~

l

[ Consider Treadmill test ]

l

[ Normal Treadmill test

\ﬁ
)

[Normal Noninvasive stress imaging ] * ~ .
[ Consider ICAG J yes
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Figure 4 Systematic approach to guide the management of patients with low-risk heart scores (LRHSs) after discharge. CAD,
coronary artery disease; ED, emergency department; ICAG, invasive coronary angiography.
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Primary and secondary outcomes

Throughout the follow-up duration, 58/1384 (4.2%)
patients developed 62 severe cardiac events, comprising
4 cardiac deaths (3 occurred in patients with a HEART
score of 3, and 1 death was recorded in the HEART score
of 2 group), 5 non-fatal Mls (two instances were observed
in patients with a HEART score of 3, 1 in the HEART
score of 2 group and 1 in the HEART score of 1 group),
and 53 significant CAD. Most events (89.5%) occurred
within the first year following the initial ED visit. After
excluding patients with primary outcomes, 60 (4.3%)
patients experienced secondary endpoints, including
49 readmissions/ED recurrent visits due to chest pain, 5
cases of cerebrovascular accidents and 6 hospitalisations
for arrhythmia.

Gox models for endpoints

Univariate Cox regression demonstrated that significant
predictors of primary endpoint events included diabetes,
a history of CAD, having HEART score of 3 and ECG
changes during the stress test, as well as abnormal NISI
test results (table 2). Similar findings were observed in
the three multivariable Cox models, which were adjusted
for clinical variables, imaging variables (abnormal
ECG, hypertensive response and abnormal NISI), and
both clinical and imaging variables. The latter demon-
strated that diabetes (HR: 2.38; 95%CI 1.25 to 4.49,
p=0.008), a HEART score of 3 (HR: 1.32; 95% CI 0.98
to 1.57; p=0.01), CAD history (HR: 2.75; 95% CI 1.40 to
5.41; p=0.003), ECG changes (HR: 5.11; 95% CI 2.61 to
10.01; p<0.0001) and abnormal NISI (HR: 16.4; 95% CI
9.56 to 28.03; p<0.0001) were all significant predictors
of primary endpoint events (online supplemental table
1). In contrast, the univariable and multivariable Cox
regression model, adjusted for clinical and imaging vari-
ables, revealed that abnormal NISI is the sole predictor
of secondary endpoint events (HR: 3.07; 95% CI 1.32 to
7.15; p=0.009and HR: 3.05; 95% CI 1.31 to 7.14; p=0.01,
respectively) (table 3). Kaplan-Meier survival analysis
revealed that abnormal NISI could significantly predict
primary events at l-year and 2-year follow-up (p<0.0001,
figure 2) and also predicted 2-year secondary endpoint
events (p=0.001, figure 3).

DISCUSSION
In this prospective study, all patients with a low LRHS who
presented to the ED with chest pain, were discharged
early and underwent NISI were included. The study
revealed that diabetes, CAD history, ECG changes during
the stress test and abnormal NISI were significant predic-
tors of primary endpoints (including cardiac death,
non-fatal MI and severe coronary artery stenosis) and
cardiovascularrelated readmissions/ED recurrent visits.
Although multiple reports have validated the safety of
early discharge for patients with chest pain and LRHS,
with a substantially low MACE incidence of 1.7%,*
we found a significantly higher MACE rate of 4.2%,

consistent with that reported by de Hoog et al (4.6%).”
This incidence is approximately four times higher than
the acceptable MACE miss rate as defined by ED physi-
cians and the published guidelines.” Additionally, it was
almost three times greater than the rate of cardiac death
within 18 months following non-ST-segment ML

Few retrospective studies'* '* have examined the utility
of downstream NISI in patients with LRHSs. These studies
concluded that while there was an increase in ICAG and
revascularisation procedures, no substantial reduction in
MI occurrence during follow-up was observed. However,
recent studies challenged the practice of excluding coro-
nary revascularisation as an outcome in patients following
ED visits."* "7

Regarding cardiovascularrelated readmission, a small
retrospective analysis'® revealed that 20% of patients
with LRHSs experienced repeat ED visits within the first
year. Furthermore, in a prospective study conducted by
Wang et al,'! NISI was performed in 60% of patients with
LRHS, and they reported a 30% readmission rate over 6
months. Similarly, a randomised trial revealed that within
a 3-month timeframe, the rate of ED visits and readmis-
sions was 22%, and an additional 12% visited general
practitioners for cardiac-related symptoms.*’

In this study, the 2-year cardiovascularrelated admis-
sion or ED visit rate was 60/1384 (4.3%), significantly
lower than that reported previously."*™ This notable
reduction in readmission rates may be attributed to
patient reassurance following receipt of a negative NISI
test result and evaluation by cardiologists in a dedicated
chest pain clinic.

Following the HEART pathway, fewer NISI tests were
performed in the short term; however, these changes were
transient, as 40%-60% of the tested population subse-
quently had a form of NISI during their follow-up.'*'?*!
A retrospective analysis by Innocenti et al* represents the
sole report of the HEART score in the literature. In their
analysis, all 348 patients with LRHSs underwent NISI
testing in the ED and their follow-up was limited to only
30 days. Our study in turn is the largest prospective inves-
tigation to date, systematically evaluating the value of
NISI in all patients with LRHSs, and it includes a substan-
tial follow-up period.

In this study, we identified patients with LRHSs at higher
risk of MACE who may potentially benefit from under-
going the downstream NISI test. We identified three clin-
ical predictors (diabetes, HEART score of 3 and history of
CAD) and two testrelated predictors (ECG changes and
abnormal NISI) of MACE. Given the large percentage of
LRHSs among ED patients with chest pain, implementing
NISI for every LRHS case in clinical practice may pose
a significant logistical challenge; thus, the NISI should
be reserved for patients with LRHSs at a higher risk for
MACE. The findings of this study were incorporated into
the design of a systematic approach to guide the manage-
ment of patients with LRHSs after discharge (figure 4).

Our study has some limitations. First, there are insuf-
ficient data regarding the cost of procedures performed
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on patients. Second, although coronary CT angiography
is a useful imaging tool to risk stratify low-risk patients
which is commonly used in many centres across Canada,
it was not readily available in our institution. Third, owing
to the constraints imposed by the COVID-19 pandemic
and strict healthcare facility rules, most physically active
patients underwent dipyridamole stress tests (52.8%).
Further studies should consider this aspect.

CONCLUSIONS

Our findings emphasise the importance of risk stratifica-
tion in the patients with LRHSs and highlight the poten-
tial of NISI as a valuable tool for identifying those at
higher risk of adverse cardiac events. These insights have
the potential to inform more precise clinical decision-
making, improve patient outcomes and contribute to the
ongoing refinement of guidelines and practices in the
management of chest pain in the ED.
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