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ARTICLE INFO ABSTRACT

Article history: Background: Many of the clinical risk scores routinely used for chest pain assessment have not been validated in
Received 28 March 2018 patients at high risk for acute coronary syndrome (ACS). We performed an independent comparison of HEART,
Received in revised form 10 May 2018 TIMI, GRACE, FRISC, and PURSUIT scores for identifying chest pain due to ACS and for predicting 30-day death
Accepted 7 June 2018 or re-infarction in patients arriving through Emergency Medical Services (EMS).

Keywords: Methods and results: We enrolled consecutive EMS patients evaluated for chest pain at three emergency depart-

ments. A reviewer blinded to outcome data retrospectively reviewed patient charts to compute each risk score.
HEART . . . . ..
TIMI The primary outcome was ACS diagnosed during the primary admission, and the secondary outcome was
death or re-infarction within 30-days of initial presentation. Our sample included 750 patients (aged 59 +
17 years, 42% female), of whom 115 (15.3%) had ACS and 33 (4.4%) had 30-day death or re-infarction. The c-
statistics of HEART, TIMI, GRACE, FRISC, and PURSUIT for identifying ACS were 0.87, 0.86, 0.73, 0.84, and 0.79, re-
spectively, and for predicting 30-day death or re-infarction were 0.70, 0.73, 0.72, 0.72, and 0.62, respectively. Sen-
sitivity/negative predictive value of HEART 2 4 and TIMI > 3 for ACS detection were 0.94/0.98 and 0.87/0.97,
respectively.
Conclusions: In chest pain patients admitted through EMS, HEART and TIMI outperform other scores for identify-
ing chest pain due to ACS. Although both have similar negative predictive value, HEART has better sensitivity and
lower rate of false negative results, thus it can be used preferentially over TIMI in the initial triage of this
population.
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1. Introduction insufficient to eliminate the possibility of ACS, a large proportion of

chest pain patients are admitted to the hospital for further evaluation

Nearly 7 million Americans visit emergency departments (ED) an-
nually with a chief complaint of chest pain. The focus of initial chest
pain assessment is to identify those with acute coronary syndrome
(ACS) to accelerate necessary treatment. Given that the initial clinical
examination, ECG results, and initial cardiac enzyme levels are often

Abbreviations: ACS, acute coronary syndrome; ECG, electrocardiogram; EMS,
Emergency Medical Services; ED, emergency department; FRISC, fast revascularisation in
instability in coronary disease; GRACE, global registry of acute coronary events; HEART,
history-ECG-age-risk factors-troponin; MACE, major adverse cardiac events; PURSUIT,
platelet glycoprotein IIb/Illa in unstable angina: receptor suppression using integrilin ther-
apy; TIMI, thrombolysis in myocardial infarction.
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[1-3]. Many well-established clinical risk scores (e.g., HEART, TIMI,
etc.) have been used to stratify risk in such undifferentiated chest pain
populations [4], and the HEART score has been shown to possess the
highest negative predictive value for adverse cardiac events compared
to other risk scores [5]. However, nearly one quarter of chest pain pa-
tients are admitted through Emergency Medical Services (EMS). This
latter group tends to have higher prevalence of ACS events and subse-
quent hospital readmission, as well as three-fold increased risk of
death compared to those who self-transport [6-8]. As such, clinicians
have very low threshold to admitting these patients for further evalua-
tion. Despite the established value of clinical risk scores in stratifying
risk in unselected ED populations, these risk scores were not specifically
validated in high risk chest pain patients admitted through EMS. Still,
these risk scores are frequently associated with prognosis at 30 days
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rather than with diagnostic performance during hospitalization. Ac-
cordingly, we sought to perform a comparison of PURSUIT, TIMI,
GRACE, FRISC, and HEART risk scores for (1) identifying chest pain due
to ACS, (2) predicting the occurrence of subsequent cardiac events,
and (3) predicting all-cause readmissions.

2. Methods
2.1. Sample and settings

Subjects for this sub-analysis were recruited from the EMPIRE study
(ECG Methods for the Prompt Identification of Coronary Events). The
methods of EMPIRE were described in detail elsewhere [9]. In short,
EMPIRE is a prospective observational cohort study that enrolled con-
secutive, non-traumatic chest pain patients transported by EMS to one
of three University of Pittsburgh Medical Center-affiliated tertiary care
hospitals (UPMC Presbyterian, Mercy, and Shadyside hospitals) in Pitts-
burgh, PA between May 2013 and August 2014 (N = 2065). The current
secondary analysis is based on patients on whom a 12-lead ECG was ob-
tained upon first medical contact by EMS and transmitted to the UPMC
medical command center as part of the acute evaluation of chest pain (n
= 750). Independent reviewers abstracted the key in-hospital data ele-
ments recommended by the American College of Cardiology for mea-
suring the management and outcomes of patients with ACS [10]:
demographics, anthropometrics, past medical history, home medica-
tions, clinical presentation and course of hospitalization, laboratory
tests, imaging studies, cardiac catheterization, treatments, and in-
hospital complications. There were no modifications to routine medical
care. Patients were enrolled through a waiver of informed consent and
the study was approved by the University of Pittsburgh Institutional Re-
view Board.

2.2. Clinical outcomes

The first primary outcome was the presence of ACS (myocardial in-
farction or unstable angina) during the primary indexed admission, de-
fined as the presence of symptoms of ischemia (i.e., diffuse discomfort
in the chest, upper extremity, jaw, or epigastric area for >20 min) and
at least one of the following criteria: (1) elevation of cardiac troponin
(ie., >99th percentile), (2) subsequent development of labile, ischemic
ECG changes (e.g., ST-T changes, new bundle branch block, new Q
wave) during hospitalization, (3) imaging evidence of new loss of viable
myocardium or new regional wall motion abnormalities, or (4) coronary
angiography or nuclear imaging demonstrating >70% stenosis of a major
coronary artery with or without treatment [11,12]. The second primary
outcome was the occurrence of major adverse cardiac events (MACE)
within 30 days of presentation, defined as (1) resuscitated or un-
resuscitated sudden cardiac arrest, (2) all-cause death, or (3) post-
discharge re-infarction requiring cardiac revascularization. The second-
ary outcome was all-cause readmission or observation stays within 30-
days of initial presentation.

To adjudicate study outcomes, two independent reviewers were
provided full access to patient index and discharge records, serial
ECGs, results of cardiac diagnostic tests (e.g., imaging scans and cathe-
terization laboratory reports), and other information pertinent to the
course of hospitalization (e.g., interventions, procedures, and prescribed
medications). Patients who did not have complete evaluation within
30 days (e.g., discharged from ED) were classified as negative for
MACE and ACS if they had no 30-day adverse events. Patients who
died without explanation within 30 days were classified as positive for
both outcomes. All disagreements were resolved by a third reviewer.

2.3. Calculating risk scores

Risk scores were calculated retrospectively through chart review by
an independent reviewer who was blinded to outcome data. We

followed the methods described in the derivation studies for calculating
each risk score [4,5,13-17]. Each of the five risk scores used some criteria
based on (1) cardiac enzymes and (2) the presenting 12-lead ECG. We
used the first cardiac troponin I result at the ED, with the 99th percentile
cutoff point specified at each participating UPMC hospital. As recom-
mended by current guidelines for the management of patients with
suspected ACS, we used the initial prehospital 12-lead ECG upon first
medical contact. The ECG item in each risk score was given a full score
if it met the diagnostic cutoff values specified in the universal definition
of myocardial infarction: [12] two contiguous leads with (1) ST eleva-
tion 20.2 mV (in V2-V3) or 20.1 mV (in other leads), (2) horizontal/
down-sloping ST depression >0.5 mV, or (3) T-wave inversion
>0.1 mV. If the ECG revealed a bundle branch block, a paced rhythm, a
ventricular rhythm or left ventricular hypertrophy (based on
Sokolow-Lyon voltage criterion), then the ECG item was not given a
score unless it was specified in that risk score (i.e., HEART gives partial
ECG score). All other scoring variables (i.e., age, sex, past medical his-
tory, clinical presentation, and diagnostic lab results) were obtained
from the in-hospital records. A brief description of each risk score and
with any adjustments we made is summarized in Table 1.

24. Statistical analysis

For continuous type variables, measures of central tendency and dis-
persion were reported as mean = SD for normally distributed variables
and median [25th-75th IQR] for non-normally distributed variables.
Categorical variables were described using frequencies and percentages
and reported as n (%). Each outcome was treated as a dichotomous var-
iable (yes/no) and each risk score was treated as a continuous variable
in analyses. ACS groups were compared using the chi-square test of in-
dependence for categorical variables, the independent samples t-test for
normally distributed continuous variables, and the Mann-Whitney test
for non-normally distributed continuous variables. The discriminatory
power to identify each primary outcome using each risk score was eval-
uated using the area under the receiver-operator characteristic curve.
Areas under the ROC curve (AUC) for the different risk scores were com-
pared using the nonparametric method developed by DeLong, DeLong,
and Clarke-Pearson with post-hoc multiple pairwise comparisons at
Bonferroni adjustment at p < 0.005 (=0.05 / 10) [18]. Previously pub-
lished cutoff limits for each risk score were used to compute and report
diagnostic accuracy values as per STARD guidelines [19], including sen-
sitivity, specificity, as well as positive (PPV) and negative (NPV) predic-
tive values. We used 1000 samples bootstrap technique for generating
the 95% CI limits for each diagnostic accuracy value. The pairwise

Table 1
Scoring criteria for computing each clinical risk score.
Criteria PURSUIT  TIMI GRACE FRISC HEART
[17] [15]  [14] [13] [16]
Age X X X X X
Sex X X
Past medical history X X X
Risk factors X X
Medication use X
CSS/Killip class X X
Signs & symptoms X X
Patient history X
Cardiac arrest upon X
admission
Vital signs X
ECG findings X X X X X
Cardiac enzymes X X X X
Creatinine level X
Possible range of scores 0-18 0-7 0-372 0-5° 0-10
Cutoff for high-risk >10 >3 >109 >2 >4

@ FRISC score uses interleukin-6 or CRP in the scoring criteria, which were missing from
our data, yielding a possible score of 0-5 rather than 0-6 as described in the original
method.
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agreement between different scores was evaluated using the
McNemar's test. The significance level was set at 0.05 for two-tailed hy-
pothesis testing. All analyses were conducted using IBM SPSS Statistics
version 24 (IBM, Corp., Armonk, NY) and SAS version 9.4 (SAS Institute,
Inc., Cary, NC).

3. Results

The final sample included 750 patients (age 59 + 17 years; 42% fe-
male, and 40% Black). Hypertension (68%) and smoking (58%) were
the most prevalent risk factors for ACS, followed by dyslipidemia
(35%), known CAD (33%), prior MI (27%), prior revascularization proce-
dure (28%), diabetes (26%), and heart failure (18%). Table 2 summarizes
the demographic and clinical characteristics of the study sample.

Overall, 115 patients (15.3%) were diagnosed with ACS during the
primary admission (31 had STE on presenting ECG and 84 had NSTE).
Compared to those with no ACS, patients with ACS were older and
were more likely to have a prior history of diabetes mellitus, prior MI,
or prior revascularization procedure (Table 2). The initial cardiac tropo-
nin was positive in only 50% of patients with ACS; repeated troponin es-
says were positive in 87% of this group (i.e., 13% had unstable angina).
More than half (53%) of ACS cases were treated by primary percutane-
ous coronary intervention, and only 6% were treated by coronary bypass
surgery.

A total of 42 MACE events occurred in 33 patients (4.4%) within 30-
days: 12 developed fatal ventricular arrhythmia upon admission; 4 ex-
perienced arrhythmic death; 5 died during primary admission; and 21
experienced post-discharge new infarctions with unplanned repeat re-
vascularization. There were no differences between patients with or

Table 2
Demographic and clinical characteristics of study sample.
Clinical characteristics All patients  Final diagnosis p value
(N=750) ACS No ACS
(n=115) (n =635)
Age (years) 59 4+ 17 64 + 15 58 4+ 17 <0.001
Male sex 433 (58%) 71 (62%) 362 (57%) NS
White race 431 (57%) 89 (77%) 342 (54%) <0.001
Past medical history
HTN 519 (69%) 76 (67%) 443 (70%) NS
DM 196 (26%) 39 (34%) 157 (25%) <0.05
Smoker 436 (58%) 66 (57%) 370 (58%) NS
Dyslipidemia 259 (35%) 42 (37%) 217 (35%) NS
Heart failure 130 (18%) 18 (16%) 112 (18%) NS
Known CAD 248 (33%) 41 (36%) 207 (33%) NS
Prior MI 205 (27%) 40 (35%) 165 (26%) <0.05
Prior PCI/CABG 207 (28%) 44 (39%) 163 (26%) <0.001

Clinical presentation

Typical chest pain 645 (86%) 102 (90%) 543 (86%) NS

Dyspnea 215 (29%) 32 (28%) 183 (29%) NS
Heart rate 85+ 24 80 + 21 85+ 25 <0.05
Breathing rate 19+5 20+ 4 18+5 <0.05
Laboratory findings
Sodium 137+ 6 137+ 3 137+ 6 NS
Potassium 39+ 06 4.0 + 0.6 39+0.5 NS
Creatinine 1.0[0.8-1.2] 1.1[0.8-1.3] 09[0.7-1.2] NS
Glucose 142 4+ 81 147 [113-205] 110[95-140] <0.001
Initial cTnl positive 95 (13%) 56 (49%) 39 (6%) <0.001
Peak cTnl positive 170 (23%) 99 (87%) 71 (11%) <0.001
Course of hospitalization
LOS 1[0.5-3] 3[0.5-4.5] 1[0.1-2] <0.001
PCI performed 65 (9%) 60 (53%) 5(0.8%) <0.001
CABG performed 9 (1.2%) 7 (6%) 2 (0.3%) <0.001
30-Day outcomes
MACE 33 (4.4%) 19 (16.5%) 14 (2.2%) <0.001
Readmission 146 (20%) 23 (20%) 123 (20%) NS

Values are mean == SD, median [25th-75th interquartile range], or n (%).

ACS: coronary artery syndrome; HTN: hypertension; DM: diabetes mellitus; CAD: coro-
nary artery disease; MI: myocardial infarction; PCI: percutaneous coronary intervention;
CABG: coronary bypass graft; c¢Tnl: cardiac troponin I; LOS: length of stay; CV:
cardiovascular.

without MACE regarding age, seX, race, or past medical history. The
rate of 30-day MACE was 16.5% in ACS patients, compared to 2.2% in
others (p < 0.001) (Table 2).

A total of 146 patients (20%) were readmitted to the hospital within
30-days of initial presentation. Approximately, one third (n = 47, 32%)
of these readmissions were chest-pain related. Overall, patients who
were readmitted were more likely to be males and to have a past med-
ical history of hypertension. There was no difference in 30-day readmis-
sion rates between those diagnosed with or without ACS in the primary
admission (Table 2).

Fig. 1 shows the differences in risk scores between patients with or
without the primary clinical outcomes. TIMI, GRACE, FRISC, and
HEART scores were higher in patients with ACS (all p < 0.001), in pa-
tients with 30-day MACE (all p < 0.001), and in patients with 30-day
readmissions (all p < 0.05). PURSUIT score was higher only in patients
with chest pain due to ACS (p < 0.001), but not in patients with 30-
day MACE or 30-day readmissions.

Fig. 2 compares the area under the ROC curve between the five risk
score. HEART (0.87), TIMI (0.86), and FRISC (0.84) had good discrimina-
tion power to classify ACS events; PURSUIT (0.79) and GRACE (0.73)
had a fair discrimination power. Overall these areas under the ROC
curves differed across the five risk scores (x> = 38.24, df = 4, p <
0.0001). For classifying 30-day MACE events, however, none of the
scores had a good discrimination power. TIMI (0.73), FRISC (0.72),
HEART (0.72), and GRACE (0.70) had fair discrimination power;
whereas PURSUIT (0.62) had poor discrimination power. These areas
under the ROC curves did not significantly differ across the five risk
scores (x* = 5.46, df = 4, p = 0.2435). Using previously published cut-
off values, we computed the diagnostic accuracy values for each risk
score to classify ACS and 30-day MACE (Table 3). For ACS detection,
HEART had the highest sensitivity (0.94) and NPV (0.98); whereas
TIMI had lower sensitivity (0.87) but comparable NPV (0.97). Similar re-
sults were observed for MACE prediction: HEART had better sensitivity
than TIMI (0.79 vs. 0.67), but both had comparable NPV (0.98 vs. 0.98).

Fig. 3 compares the numbers of misclassified events by each risk
score. HEART misclassified 7 out of the 115 ACS events (6%) and 7 out
of the 33 MACE events (21%); whereas TIMI misclassified 15 (13%)
and 11 (33%) of these events, respectively. Also, there was a significant
disagreement between how HEART and TIMI scores assigned risk cate-
gories (McNemar's y? = 237.4, df = 1, p < 0.001). Specifically, HEART
classified 429 (57%) patients as higher risk, compared to only 269
(36%) patients by TIMI. More than 40% of those classified as higher
risk by HEART (i.e., 175 of 429) were classified as lower risk by TIMIL.

Finally, to evaluate the discrimination index of each risk score to
classify NSTE-ACS events, we repeated all analyses after excluding pa-
tients with diagnostic ST elevation on the presenting ECG who were di-
rectly referred for emergent catheterization (n = 31). We observed
similar results; only HEART, TIMI, and FRISC had good discrimination
power (Fig. 4). HEART had the highest sensitivity (93%), but the lowest
specificity (49%), whereas TIMI had a better balance between sensitivity
(85%) and specificity (73%).

4. Discussion

In this study, we compared the performance of five clinical risk
scores in high-risk chest pain patients transported by ambulance with
an ECG transmitted by EMS to the receiving hospital. We found that,
in this EMS population, clinical risk scores perform better in identifying
chest pain due to ACS, rather than predicting 30-day MACE. HEART
(AUC = 0.87) and TIMI (AUC = 0.86) scores had comparable power
and NPV to identify ACS events, but HEART had better sensitivity and
lower rate of false negative results. To our knowledge, this is the first
study to validate the use of clinical risk scores in a large EMS cohort of
patients with chest pain. The originality of our work lies in the compar-
ison of the diagnostic performances of five risk scores for optimal early
triage of patients with suspected ACS.
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Fig. 2. Diagnostic and prognostic value of each risk score to predict major clinical outcomes. This figure compares the area under the receiver operator characteristics curve (AUC) for each
risk score for detecting acute coronary syndrome (ACS, left panel), or 30-day major adverse cardiac events (MACE, right panel).

predicting 6-week MACE (17%) in a large cohort of patients (n = 2440).
In a fourth study, Sun and colleagues compared TIMI and HEART risk
scores for predicting MACE (6.2%) in nine U.S. hospitals (n = 8255)
[22]. They similarly found that HEART score had a higher discrimination
index (AUC = 0.75) compared to TIMI (AUC = 0.67). Our current find-
ings are congruent with these previous studies and demonstrate that
HEART and TIMI maintain superior discrimination power for identifying
ACS events in high-risk EMS cohorts of patients with chest pain.

One important comparison can be made between our data and pre-
vious studies. That is we observed relatively better performance for both
HEART (0.87) and TIMI (0.86) scores for predicting ACS compared to
previous studies (0.75-0.86 for HEART and 0.65-0.80 for TIMI). We
speculate that this might be due to the fact that our primary outcome in-
cluded only patients with ACS diagnosed at the index-visit, whereas
previous studies used a composite endpoint of 6-week ACS, invasive
coronary revascularization, post-discharge re-infarction, and all-cause
death. In fact, when we considered 30-day death or re-infarction the
c-statistic dropped significantly from 0.87 to 0.70 for HEART and from
0.86 to 0.73 for TIMI. In other words, the lower c-statistic observed in
the previous studies might be attributed to dilution effect introduced
by using a soft composite endpoints [23]. Interestingly, one of these pre-
vious studies [5] considered the occurrence of ACS within three months
(i.e., 93% of events were already diagnosed during the primary

admission) as a secondary outcome and found that the c-statistics for
HEART score increased from 0.83 for MACE prediction to 0.86 for ACS
prediction. Another interesting comparison can be seen in one of
these previous studies that excluded patients with ACS diagnosed at
the ED from their MACE endpoint [22]. As expected, the c-statistic
they observed for HEART (0.75) was relatively lower than what we ob-
served (0.87) and what most other studies previously reported
(0.75-0.86).

There are several important clinical implications of our findings. The
focus of chest pain assessment in the ED is to identify both low-risk and
high-risk patients. HEART and TIMI scores can be computed as soon as
the first lab results and initial ECG are obtained (<1 h), and hence can
play a significant role in diagnosing or excluding the possibility of ACS.
In high-risk patients transported by EMS providers, HEART score is
very useful in identifying which patients are more likely to have ACS
(warranting admission or further evaluation). Within this context,
HEART score also has a very high NPV (i.e., >97%) which suggests it
can be used to identify low risk patients who are less likely to experi-
ence adverse events. It is worth noting that HEART score tends to clas-
sify more patients as high-risk (57%) compared to other scores (36%
using TIMI), yielding low specificity (i.e., <50%) and raising concerns re-
garding increased resource utilization. Nevertheless, the gains associ-
ated with lower rates of false negatives would keep this score more

Table 3
Diagnostic accuracy of each risk score in predicting study outcomes.
AUC Sensitivity Specificity PPV NPV

Predicting ACS
GRACE 0.73 (0.68-0.77)" 0.71 (0.63-0.79) 0.59 (0.55-0.63) 0.24 (0.20-0.29) 0.92 (0.89-0.94)
PURSUIT 0.79 (0.73-0.84) " 0.78 (0.70-0.85) 0.61 (0.57-0.65) 0.27 (0.22-0.32) 0.94 (0.91-0.96)
FRISC 0.84 (0.80-0.87) 0.80 (0.72-0.87) 0.77 (0.73-0.80) 0.38 (0.32-0.44) 0.96 (0.93-0.97)
TIMI 0.86 (0.82-0.89) 0.87 (0.80-0.92) 0.73 (0.70-0.77) 0.37 (0.32-0.43) 0.97 (0.95-0.98)
HEART 0.87 (0.83-0.90) 0.94 (0.89-0.97) 0.49 (0.46-0.53) 0.25 (0.21-0.29) 0.98 (0.96-0.99)
Predicting MACE
GRACE 0.72 (0.60-0.84) 0.70 (0.53-0.84) 0.55 (0.52-0.59) 0.07 (0.04-0.10) 0.98 (0.96-0.99)
PURSUIT 0.62 (0.51-0.74) 0.64 (0.47-0.79) 0.56 (0.52-0.59) 0.06 (0.04-0.09) 0.97 (0.95-0.98)
FRISC 0.72 (0.64-0.80) 0.61 (0.44-0.76) 0.69 (0.66-0.73) 0.08 (0.05-0.12) 0.97 (0.96-0.99)
TIMI 0.73 (0.66-0.80) 0.67 (0.50-0.81) 0.66 (0.62-0.69) 0.08 (0.05-0.12) 0.98 (0.96-0.99)
HEART 0.70 (0.61-0.73) 0.79 (0.63-0.90) 0.44 (0.40-0.47) 0.06 (0.04-0.09) 0.98 (0.96-0.99)

Values are mean + 95% CI using 1000 samples bootstrap technique; PPV: positive predictive value; NPV: negative predictive value.

* p <0.005 against HEART.
T p <0.005 against TIMI.
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Fig. 3. Comparing high and low risk categories in patients with major clinical outcomes. This figure compares the number of patients correctly classified as high risk or misclassified as low
risk by each risk score for detecting: (A) acute coronary syndrome (ACS), or (B) 30-day major adverse cardiac events (MACE). Error bars indicate the 95% CI of the count.

appealing for the development of clinical management algorithms com-
pared to other scores. Still, supplementing HEART score with recent
novel tools designed for non-invasive ischemia detection [24-26]
would potentially improve the specificity of this score for optimal clini-
cal utility. Finally, given that HEART computation relies more on subjec-
tive data, TIMI would provide more objective assessment when
clinicians cannot reliably obtain a detailed description of the chief com-
plaint (e.g., patient is poor historian).

4.1. Limitations

One limitation of this analysis is that all risk scores were computed
retrospectively, which is especially important for scoring the history
component of the HEART score. To address this issue, we used a system-
atic coding scheme by a reviewer blinded to clinical outcomes, and
reviewed all available ED records for complete assessment (i.e., EMS
charts, triage reports, ED progress notes, ED nursing notes, admission
notes, and ED discharge summary). Another limitation is the possibility

Predicting NSTE-ACS (n=84)

A

B

of loss to follow up due to the observational nature of our study. We
used inpatient and outpatient electronic medical records of UPMC net-
work to assure complete ascertainment, and our 30-day death or re-
infarction rate was 4.4%, which is comparable to the rate reported in
chest pain populations in the United States using Medicare billing data
(ie., 3.2-4.3%) [27].

5. Conclusion

In high-risk chest pain patients admitted through EMS, clinical risk
scores have superior discrimination index for identifying ACS as the
cause of chest pain during the primary admission, but poor discrimina-
tion index for predicting future death or re-infarction. Although HEART
and TIMI have comparable excellent discrimination power, HEART score
has better sensitivity and lower rate of false negative results, thus it can
be used preferentially over TIMI in the initial ED evaluation of this
population.

Comparison between HEART and TIMI
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Fig. 4. Predicting ACS in the absence of diagnostic ST elevation on the presenting ECG. (A) This figure compares the area under the receiver operator characteristics curve (AUC) for each
risk score for detecting non-ST elevation acute coronary syndrome (NSTE-ACS). (B) This figure compares the number of patients correctly classified as high risk or misclassified as low risk

by HEART and TIMI for detecting NSTE-ACS.
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