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Abstract

Background: Triage decisions for chest pain patients receiving usual care are based
on a dynamic and comprehensive strategy performed in the physician's mind. It
remains controversial whether simple, structured risk tools can surpass real, complex
judgments.

Hypothesis: The potentially used History, Electrocardiogram, Age, Risk factors, Tro-
ponin (HEART) score would help identify low-risk patients for discharge.

Methods: Patients with acute, non-traumatic chest pain managed according to usual
care were consecutively enrolled in a tertiary university hospital in China from August
24, 2015 to September 30, 2017. Major adverse cardiac events (MACE) included
death, acute myocardial infarction, revascularization, and significant coronary stenosis
(>50%) within 30 days. We compared the efficacy and safety of usual care and the
potentially used HEART score in this population.

Results: Of 2185 patients analyzed, 926 (42.4%) patients were directly discharged by
usual care, whereas HEART<3 would have identified 524 (24.0%) patients as low-risk
(P < .001). The MACE rate in discharged patients was 2.2% (20/926) and would have
been 5.2% (27/524) in those with HEART=<3 (P = .002). For discharged patients, the
MACE rates in HEART<3 vs HEART>3 groups were not significantly different (1.5%
vs 2.7%, P = .225). Negative predictive value (NPV) was higher with usual care than
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regard to efficacy.
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1 | INTRODUCTION

Acute chest pain is one of the most common reasons for emergency
department (ED) evaluation. Only a small proportion of patients
receive a final diagnosis of acute coronary syndrome (ACS).1? Reliably
detecting patients with ACS remains a diagnostic dilemma.® Inappro-
priate admission of patients with benign disease is neither indicated
nor cost-effective, whereas inadvertent discharge of patients with
ACS from the ED is associated with increased mortality and liability.*>
Previous studies have shown that between 2.1% and 4.6% of patients
with acute myocardial infarction (AMI) in the ED are mistakenly dis-
charged.#%” Montassier et al found that 3.7% of patients were mis-
takenly discharged and presented with major adverse cardiac events
(MACE) within 60 days.® The accurate and safe identification of
patients who can be directly discharged from the ED is a challenge for
physicians.

Current guidelines recommend the use of structured risk stratifi-
cation tools to evaluate and triage patients with suspected ACS pre-
senting to the ED.”'! Previous studies have indicated that the
performance of the History, Electrocardiogram (ECG), Age, Risk fac-
tors, Troponin (HEART) score seems superior to other risk prediction
scores.??2 |t has been recommended that patients with a HEART
score <3 should be discharged without further diagnostic testing,
including no second cardiac troponin (cTn) measurement.'”-18

However, triage decisions for chest pain patients using usual care
are based on a comprehensive strategy performed in the physician's
mind. After all, dynamic variations can appear in every aspect of a
patient's clinical condition, including symptoms, signs, ECG, markers,
intentions to receive care, and others. It takes time to observe these
changes, but currently used risk stratification scores merely focus on
one cross-section of the timeline during an ED stay.®2° To solve this
problem, a triage pathway, such as the HEART pathway, based on a
clinical score and two serial cTn tests have been developed and evalu-
ated.2*?2 Only the change in cTn over time is considered. Therefore,
it remains controversial whether simple, structured risk tools can sur-
pass real, complex judgments.t>17:2%

The performance of disposition decision protocols to discharge
low-risk patients mainly depends on efficacy (defined as the propor-

tion of patients discharged) and safety (quantified by the sensitivity

with the HEART score (P = .003), but sensitivity was similar. For 340 patients with

serial troponins, usual care was superior to the potentially used HEART score in

Conclusions: At this institution, usual care identified many more patients for dis-
charge than the HEART score would have without apparently different outcomes in
discharged patients with lower vs higher HEART scores. The HEART score would not

appear to provide helpful risk stratification.

chest pain, discharge, emergency department, HEART, usual care

and negative predictive value [NPV] for MACE).2* In this study, we
aimed to compare the efficacy and safety of usual care with the
potentially used HEART score and pathway to identify patients for
direct discharge in a tertiary hospital.

2 | METHODS

2.1 | Study population
This study was a retrospective analysis of a prospective observational
cohort. Patients were consecutively recruited from the ED of Qilu
Hospital of Shandong University, a tertiary university hospital that has
24 hours access to interventional angiography, between August
24, 2015 and September 30, 2017. All adult patients with acute, non-
traumatic chest pain or other symptoms suggestive of ACS occurring
in the previous 24 hours and for whom the attending physician
requested cTn for suspected ACS were included. Other symptoms
suggestive of ACS may include shortness of breath, nausea, vomiting,
jaw pain, and others.2> Patients were excluded if they were unwilling
to provide informed consent, had an initial impression of ST-segment
elevation myocardial infarction (STEMI), died in the ED, were trans-
ferred to other hospitals or left against medical advice.

This study was approved by the ethics committee of Qilu Hospital
of Shandong University, and all patients provided written informed

consent.

2.2 | Data collection

Clinical data were collected on a standardized case report form (CRF)
in accordance with clinical data standards by trained research assis-
tants.2> All the elements of the HEART score were included. The dis-
position after ED evaluation was categorized into discharged and
undischarged. Undischarged included hospitalization and referral to a
cardiologist. Hospitalization was defined as admission to an inpatient
unit or to an observation room in the ED for at least 24 hours.?®
Follow-up after 30 days was conducted by trained research assistants

to acquire information about adverse events, hospital revisits, and
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readmission over the telephone. The relevant medical records were
obtained if a hospital admission was reported during the follow-up
period. Local death registry data were checked to ensure whether

patients lost to contact were deceased.

2.3 | Decision strategies

Every subject in this study was managed by usual care (discharged or
undischarged) and retrospectively evaluated to be low or high risk
according to the potentially used HEART score (<3 or > 3).

Usual care was defined as the clinical practice of the physicians
on duty. Direct discharge of a patient indicated stratifying the patient
as low risk. Physicians assessed the risk of MACE in patients with
suspected ACS by integrating patients' history; the results of a
dynamic evaluation of symptoms, signs, ECG, and laboratory measure-
ments; and their clinical expertise or intuition. Measurement of cTn
for each patient was at the discretion of the attending physicians and
not at established time intervals. No quantitative assessment
approach was used. The length of stay (LOS) in the ED was calculated
as the interval between discharge and presentation.

The methods for calculating the HEART score and HEART path-
way have been previously described.?* The HEART score consisted of
five elements: history, ECG, age, risk factors, and troponin. The history
component was scored using a list of predefined chest pain character-
istics that were categorized as typical or atypical. The ECG component
was scored based on the impression of the first ECG by treating phy-
sicians. The first cTn results and the 99th percentile of the upper ref-
erence limit (URL) were used to calculate the scores. The overall
HEART scores were retrospectively determined by the SAS program
to guarantee their veracity and consistency. Patients with a HEART
score of O to 3 were categorized as low-risk of developing MACE and
considered eligible for direct discharge from the ED without further
diagnostic testing. The HEART pathway (—) indicated patients were
low risk if their HEART score was <3 and two cTn tests were both
negative (the first and second cTn values after presentation). Since
the use of the HEART score would have indicated discharge immedi-
ately after the low-risk score was assigned, the time of the initial cTn
report (completing the HEART score) was taken as the discharge time

in the HEART score group.

24 | Clinical outcome

The primary outcome was MACE within 30 days after initial presenta-
tion, including death from all causes, index (being the cause for the ini-
tial presentation) or subsequent (occurring during the follow-up) AMI,
revascularization (emergency/urgent/elective percutaneous coronary
intervention [PCI] or coronary artery bypass grafting [CABG]), and
coronary angiography revealing significant stenosis (>50%) with con-
servative treatment. The secondary outcome was the composite of
death from all causes, index or subsequent AMI and emergency revas-

cularization within 30 days. Each event in MACE was adjudicated by
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two independent cardiologists for all patients in accordance with the
definitions following a review of all available medical records.2>28 In
case of disagreement, a third cardiologist reviewed the record. AMI
referred to a type 1 myocardial infarction and was defined as myocar-
dial necrosis in the context of myocardial ischemia due to a definite or
highly suspected plaque rupture and coronary thrombosis. Myocardial
necrosis was diagnosed based on the rise and/or fall (a delta of 220%
was used) of cTn with at least one value above the diagnostic

threshold.1028

2.5 | Statistical analysis

Continuous variables are presented as the mean + SDs or median
(interquartile range), and categorical variables are summarized as num-
bers and percentages. The outcome rates were compared with a y?
test between groups. Diagnostic accuracy with a 95% confidence
interval (Cl) for usual care and the potentially used HEART score or
pathway for MACE were determined, including sensitivity, specificity,
NPV, and positive predictive value (PPV). The efficacy (proportion of
patients identified as low risk), sensitivity, and specificity of the differ-
ent strategies were compared using the McNemar test based on
paired 4-fold tables.?’ The NPV and PPV of the different strategies
were compared using Xz tests for the respective proportions. A P-
value less than .05 (two-sided significance testing) was considered
statistically significant. All statistical analyses were performed using
SAS V.9.4 (SAS Institute, Inc., Cary, North Carolina).

3 | RESULTS

3.1 | Study population

A total of 2752 patients with acute, non-traumatic chest pain, and ini-
tial cTn tests presented to the ED of Qilu Hospital from August
24,2015 to September 30, 2017. Patients were excluded for denial of
informed consent (56), an initial diagnosis of STEMI (214), dying in the
ED (12), being transferred to other hospitals (35), or leaving against
medical advice (221). There were 20 patients with insufficient infor-
mation to calculate the HEART score, and nine patients were lost to
follow-up. The remaining 2185 patients were included in the analysis
(Figure 1). The baseline characteristics of the entire analyzed cohort
are presented in Table 1.

3.2 | Efficacy of usual care vs the HEART score

Usual care triaged 926 (42.4%) patients to be directly discharged with-
out further testing. If the HEART score was used in the entire cohort,
524 (24.0%) patients would have been identified as low risk (Figure 1).
Based on the paired 4-fold table stratifying chest pain by usual care vs
the potentially used HEART score (Table S1), the difference between
these two percentages was significant (P < .001). The specificity of
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Consecutive chest pain
patients with cTn
n=2752

Excluded
» 56 denial of consent
» 214 STEMI
» 12 died in ED
» 35 transferred to other hospitals
» 221 left against medical advice

Eligible patients
n=2214

Excluded
» 20 no ECG
» 9 lost to follow-up

\ 4

Analyzed patients

n=2185
MACE 615 (28.2%)
Discharged HEART<3
n=926(42.4%) n=524(24.0%)
MACE 20(2.2%) MACE 27(5.2%)
Undischarged HEART>3
n=1259(57.6%) n=1661(76.0%)
MACE 595(47.3%) MACE 588(35.4%)
FIGURE 1 Flowchart used for patient analysis. cTn, cardiac

troponin; ECG, electrocardiogram; ED, emergency department;
HEART, History, ECG, Age, Risk factors, Troponin; MACE, major
adverse cardiac events; STEMI, ST-segment elevation myocardial
infarction

usual care to rule in events was 0.577 (0.553, 0.602), which was supe-
rior to the HEART score with 0.317 (0.294, 0.340) (P < .001) (Table 2).
The baseline characteristics of the low- vs high-risk groups catego-
rized by usual care or the potentially used HEART score are shown in
Table S2, and the median LOS of patients discharged by usual care
was 5.5 (1.7, 8.7) hours, which was longer than the assumed time
using a HEART score < 3, 1.5 hours (1.4,1.7). For the composite of
death, AMI and emergency revascularization, the specificity of usual
care outperformed the HEART score (Table S3).

3.3 | Outcomes

A total of 615 (28.2%) patients had 30-day MACE in this chest pain
cohort (Figure 1). As shown in Table 3, the MACE rate in patients dis-
charged by usual care was 2.2% (20/926), and the rate would have
been 5.2% (27/524) in those with a low HEART score (P = .002). For
patients deemed to be low risk by usual care (discharged), the MACE
rates in the HEART score < 3 vs HEART score > 3 groups were not

TABLE 1 Baseline characteristics of the analyzed cohort
Total n = 2185
Age (y), mean £ SD 63.8+13.6
Male, n (%) 1096 (50.2)
Risk factors, n (%)
Current smoker 313 (14.3)
Obesity (BMI = 28 kg/m?) 420 (19.2)
Diabetes 560 (25.6)
Hypertension 1320 (60.4)
Hyperlipidemia 222(10.2)
Family history of premature CAD 391(17.9)
Medical history, n (%)
Ml 500 (22.9)
Catheterization with stenosis >50% 584 (26.7)
PCI 449 (20.5)
CABG 53 (2.4)
PAD 3(0.1)
Stroke 295 (13.5)
Vital signs at presentation, mean + SD
SBP (mm Hg) 150.5 + 26.5
DBP (mm Hg) 83.8+16.0
HR (bpm) 80.4 £ 18.7
Negative troponin, n (%) 1780 (81.5)
Normal ECG, n (%) 669 (30.6)
LOS (h), median (IQR) 9.4 (4.0,23.0)
HEART, median (IQR) 5(4,6)
HEART = 3, n (%) 524 (24.0)
Discharged, n (%) 926 (42.4)

Abbreviations: BMI, body mass index; CABG, coronary artery bypass
grafting; CAD, coronary artery disease; DBP, diastolic blood pressure;
ECG, electrocardiography; HEART, History, ECG, Age, Risk factors,
Troponin; HR, heart beat; IQR, interquartile range; LOS, length of stay; M,
myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous
coronary intervention; SBP, systolic blood pressure.

TABLE 2 Diagnostic accuracy for 30-day MACE of usual care and
the potentially used HEART score

Usual care HEART P-value
Sensitivity ~ 0.967 (0.953,0.981)  0.956 (0.940,0.972) 311
NPV 0.978 (0.969,0.988)  0.948 (0.930,0.967) .003
Specificity ~ 0.577(0.553,0.602)  0.317 (0.294,0.340)  <.001
PPV 0.473 (0.445,0.500)  0.354(0.331,0.377)  <.001

Abbreviations: HEART, History, ECG, Age, Risk factors, Troponin; NPV,
negative predictive value; PPV, positive predictive value.

significantly different (1.5% vs 2.7%, P = .225). For patients with a low
HEART score, the MACE rate in the discharged group was much
lower than that in the undischarged group (1.5% vs 17.1%, P < .001).
The incidence of the composite of death, AMI, and emergency
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TABLE 3 Outcomes in low-risk patients identified by usual care (discharged) and the potentially used HEART (<3)

Discharged HEART =<3
Total HEART=<3 HEART>3 Total Discharged  Undischarged P-
n=926 n=401 n =525 P-value n=524 n=401 n=123 P-value value *
MACE, n (%) 20(2.2) 6(1.5) 14 (2.7) 225 27(5.2) 6(1.5) 21(17.1) <.001 .002
Index AMI 3(0.3) 1(0.2) 2(0.4) 1.000 7(1.3) 1(0.2) 6(4.9) .001 .042
Subsequent AMI 2(0.2) 0(0) 2(0.4) .508 1(0.2) 0(0) 1(0.8) 235 1.000
Death 0(0) 0(0) 0(0) - 0(0) 0(0) 0(0) - -
Emergency PCI 1(0.1) 0(0) 1(0.2) 1.000 1(0.2) 0(0) 1(0.8) .235 1.000
Urgent/elective PCI 14(1.5) 4(1) 10(1.9) 262 15(29) 4(1) 11 (8.9) <.001 .078
CABG 0(0) 0(0) 0(0) - 0(0) 0(0) 0(0) - -
Conservatively treated stenosis 3(0.3) 1(0.2) 2(0.4) 1.000 7 (1.3) 1(0.2) 6(4.9) <.001 .042
(>50%)
Composite of death, AMI and 5(0.5) 1(0.2) 4(0.8) .396 8(1.5) 1(0.2) 7 (5.7) <.001 .079

emergency revascularization

Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; HEART, History, ECG, Age, Risk factors, Troponin; MACE, major

adverse cardiac events; PCI, percutaneous coronary intervention.
*P-value for usual care (discharged) vs the potentially used HEART (<3).

TABLE 4 Performance of usual care and the potentially used HEART pathway in patients with serial troponin tests
Usual care HEART pathway P-value
Low-risk patients/total patients (%) 88/340 (25.9) 39/340 (11.5) <.001
MACE rate in low-risk patients, n (%) 3(3.4) 3(7.7) .370
Sensitivity 0.980 (0.957,1.000) 0.980 (0.957,1.000) 1.000
NPV 0.966 (0.928,1.000) 0.923 (0.839,1.000) .370
Specificity 0.445 (0.375,0.516) 0.188 (0.133,0.244) <.001
PPV 0.579 (0.518,0.640) 0.485 (0.429,0.542) .032

Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; HEART, History, ECG, Age, Risk factors, Troponin; MACE, major
adverse cardiac events; NPV, negative predictive value; PCI, percutaneous coronary intervention; PPV, positive predictive value.

revascularization was similar in patients discharged by usual care and
in patients with the potentially used HEART score < 3 (0.5% vs 1.5%,
P =.079) (Table 3).

3.4 | Safety of usual care vs the HEART score

The sensitivity of usual care was 0.967 (0.953, 0.981) and would have
been 0.956 (0.940, 0.972) for the potentially used HEART score
(P =.311). The difference in NPV was significant (P = .003) between
usual care at 0.978 (0.969, 0.988) and the HEART score at 0.948
(0.930, 0.967) (Table 2). For the composite of death, AMI, and emer-
gency revascularization, the sensitivity and NPV showed no significant

differences between the two strategies (Table S3).

35 |
pathway

Performance of usual care vs the HEART

As shown in Table 4, among 340 patients who received serial cTn

tests, the proportion of low-risk chest pain identified by usual care

was 25.9% (88/340), whereas use of the HEART pathway would have
noted only 11.5% (39/340) of patients as low risk (P <.001). The
MACE rate in discharged patients was similar to that would have been
in the HEART pathway low-risk group (3.4% vs 7.7%, P =.370)
(Table 4). For discharged patients, the difference in the MACE rates
between the HEART pathway (—) and HEART pathway (+) groups was
not significant (0% vs 4.7%, P = .559). For patients with a negative
HEART pathway, the MACE rate in the discharged group was lower
than that in the undischarged group (0% vs 20.0%, P < .050)
(Table S4). The corresponding specificities of these two strategies
were 0.445 (0.375, 0.516) and 0.188 (0.133, 0.244) (P < .001). The
sensitivities were equal at 0.980 (0.957, 1.000), and NPV showed no
difference at 0.966 (0.928, 1.000) and 0.923 (0.839, 1.000), respec-
tively (P = .370) (Table 4).

4 | DISCUSSION
This study was a retrospective analysis of a prospective, consecutive
cohort of patients with acute, non-traumatic chest pain, or other

symptoms suggestive of ACS presenting to the ED. The efficacy and
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safety of usual care and the potentially used HEART strategies to dis-
charge low-risk patients were compared. In this Chinese tertiary hos-
pital, usual care identified a much larger proportion of patients to
directly discharge needing no further investigations than the HEART
score would have. The rate of MACE in discharged patients was lower
than that would have been in those with a low HEART score (<3). For
discharged patients, the high HEART score (>3) group showed no
apparent difference in outcomes compared with the low HEART score
(<3) group. On the contrary, for patients with a low HEART score,
those deemed low risk by usual care (discharged) did have lower
MACE rate than high-risk (undischarged) patients.

Previous studies have demonstrated that clinician gestalt alone is
insufficient or not superior for identifying patients who are safe to
discharge from the ED.1>233031 However, the unstructured assess-
ment used in these studies is generally a scale or an impression code
of ACS probability completed based on history, symptoms, and physi-
cal examination performed by physicians. It has been shown that med-
ical history, risk factors, symptoms, and physical examination do not
have a sufficient discriminatory ability to “rule-in” or “rule-out” ACS in
the ED.32 Furthermore, this kind of gestalt is mainly presented as an
initial judgment after patients' arrival and does not convey the sophis-
ticated evaluation performed after making a series of observations of
various aspects before the discharge decision. Although usual care in
this study cannot be structurally described, it combined clinical mani-
festations with the initial ECG and cTn levels and, if necessary, with
the serial ECG and cTn levels. Importantly, physicians following usual
care should pay close attention to any changes that occur in emotions,
symptomes, signs, ECG, markers, or other conditions.

If low-risk patients are identified and directly discharged without
compromising safety, the family, and health care burdens are signifi-
cantly reduced.*3® Therefore, assessment approaches to stratify
patients with acute chest pain have been heavily researched.®? Like
other risk stratification models, HEART is a structured objective scor-
ing tool to help physicians confidently select dischargeable patients
without further diagnostic testing.*® This score consists of five ele-
ments, history, ECG, age, risk factors, and troponin, each of which can
be assigned 0O, 1, or 2 points. A previous randomized trial observed
non-inferior safety and no significant difference in early discharge
when using the HEART score compared with usual care. The limited
effect on health care resources was possibly due to physicians' hesita-
tion to adhere to management recommendations from HEART.'” To
some extent, this hesitation demonstrated a possible conflict between
physicians' subjective judgment and the objective scores. In our
cohort, the efficacy of usual care was superior to the potentially used
HEART score with a lower MACE incidence. Patients who were dis-
charged were older, with more risk factors and atherosclerosis than
patients who would have been categorized as low-risk by the HEART
score (<3). Again, this finding showed that history did not help to
stratify the risk level of undifferentiated chest pain. Additionally, the
HEART score is a snapshot of the patient's initial condition rather than
a complete picture of the ED stay. Undoubtedly, a snapshot is much
faster and cheaper, but not all patients provide a complete picture at

presentation. A higher rate of missed index AMI and conservatively

treated stenosis demonstrated that the snapshot lacked the ability to
identify important information hidden in changes. A higher HEART
score (>3) would not have indicated a higher MACE rate than a lower
HEART score (<3) in discharged patients. Although usual care was
more time-consuming to perform than determining the HEART score,
for the low-risk group, making a decision sooner may be not better.

Since cTn serves as the cornerstone of diagnosing AMI and has a
kinetic release profile, serial cTn tests have been incorporated into
clinical scores to make the assessment models safer, such as the
HEART pathway.?? In our study, when serial cTn tests were consid-
ered, usual care was still superior to the potentially used HEART path-
way in regard to efficacy. It is understandable that ignorance of the
dynamic changes in complex aspects other than cTn may indicate an
area to improve for risk scores and pathways.

It should be mentioned that to capture all clinically relevant end
points, urgent/elective PCl, CABG, and coronary angiography revealing
significant stenosis were included in our definition of MACE. Varying
definitions of MACE could lead to different results.>* If MACE only
included all-cause death, AMI, and emergency revascularization, the
incidence of MACE in patients discharged by usual care would have
decreased from 2.2% to 0.5% (5/926), with a sensitivity of up to 98.9%
and NPV of 99.5%. This level of safety would be acceptable (>99%) to
most physicians according to an international survey.®> The specificity
of usual care still outperformed the HEART score with a similar level of
safety. However, safe discharge is not only the avoidance of acute criti-
cal events (like AMI or death) but also potential events to which coro-
nary stenosis may lead. Therefore, it is more appropriate to cover all
these events to evaluate the performance of strategies to directly dis-
charge chest pain patients without further diagnostic testing.!” A meta-
analysis demonstrated that a HEART score of O to 3 could miss 1.6%
MACE (range 0.9%-5.9%) with a pooled sensitivity and specificity of
96.7% (range 75.5%-100%) and 47.0% (range 31.8%-67.5%), respec-
tively.3¢ In our analysis, the incidence of MACE in patients with a low
HEART score would have been much higher (5.2%) with lower sensitiv-
ity and specificity than the pooled values mentioned above. The possi-
ble reasons for these disparities may be the different definition of
MACE and ACS prevalence.>2%” After all, the percent of patients suf-
fering 30-day MACE in our study was 28.2%, which was higher than
that in most prior research.*¢

There were several limitations in the study. First, this study was a
single-center observational study, which may limit the generalizability
of the findings. The performance of usual care and clinical scores in
broader patient populations should be determined by further studies
of heterogeneous groups. In particular, the findings need to be con-
firmed in a randomized trial. Our report may provide implications for
improving clinical risk stratification tools, of which objectivity and
repeatability may overcome the variability between physicians and
between hospitals. Second, we did not invite the discharged patients
to take cTn tests and ECGs in a follow-up assessment. Therefore, it
was possible that the incidence of MACE was underestimated. How-
ever, to reduce this underestimation, we reviewed all relevant medical
records to determine the occurrence of any outcome if patients

revisited a hospital during the follow-up period.
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