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Abstract:

Objective: About one out of every 10 patients with chest pain in the emergency department (ED) are finally
diagnosed with acute coronary syndrome (ACS). A HEART score of < 3 has been shown to rule out ACS with a
low risk of major adverse cardiac events (MACE) occurrence. It has been proposed that a negative CARE rule
(=1), which stands for the first four elements of the HEART score and excludes the troponin assay requirement,
may have similar rule-out reliability. This study aimed to externally validate the CARE rule.

Methods: In this multicenter, observational study a convenience sample consisting of patients over the age of
15 who had at least one troponin study were included. The performance of the CARE rule at the cut-off <1 for
MACE prediction was assessed and compared to a HEART score of <3 and physicians’ gestalt. MACE was defined
as myocardial infarction, coronary angioplasty, coronary artery bypass graft, and all-cause mortality in 6 weeks.
Results: The data of 154 patients was analyzed. Of these, 121 patients had a negative CARE score of <1 and
33 individuals had a positive CARE score. Of those with a negative CARE score, only 1 (3%) experienced an
adverse cardiac event while in those with a positive CARE score, 26 individuals (16.88 %) experienced MACE.
The sensitivity of the CARE rule was 96.15% and the specificity was 25% with a negative likelihood ratio (LR-) of
0.15. The indices for HEART score were 88%, 59.69%, and 0.2, respectively. In comparison, physicians’ gestalt
had a sensitivity of 96%, specificity of 49.22%, and a LR- of 0.08. Of note, utilizing the CARE rule with a cut-off of
<3 showed sensitivity of 96%, specificity of 41.86%, and a LR- of 0.1.

Conclusion: The CARE rule miss rate in MACE was more than 2% and while its performance was better than the
HEART score, physicians’ gestalt outperformed both rules for ruling out MACE.
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1. Introduction

which considers a patient’s history of present illness, ECG,
age, risk factors, and cardiac troponin (cTn) levels, was de-

Five to ten percent of all emergency department (ED) pa-
tients present with a chief complaint of chest pain (1,2).
Of this population, only 13% are ultimately diagnosed with
acute coronary syndrome (ACS). Given the notable preva-
lence of individuals presenting to the ED with chest pain, it’s
important for physicians to have a systematic way to sepa-
rate high-risk and low-risk patients in this population to con-
serve resources, forgo longer ED stay times, and avoid over-
crowding and its associated patient safety issues (3). Diag-
nostic protocols have been developed to assist with decision-
making in many conditions including ACS. The HEART score,

veloped in 2006 and is frequently used for this purpose. Each
item can be scored 0 to 2 and patients are considered low risk
if the sum remains <3.

Several studies have confirmed the ability of the HEART score
to risk stratify patients and help physicians discharge those
who are at low risk (4-6). Recent guidelines also recom-
mend its use in the ED for risk stratification (7). However,
the HEART score still requires a laboratory work up due to its
inclusion of the cTn value. When the sum of the items in the
HEART score, without considering cTn, is below 2 the final
score is always below 4 irrespective of the cTn result. This
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suggests that it may be possible for patients to be assessed
and risk stratified almost instantaneously while maintaining
the safety profile of the HEART score (8). We aimed to ex-
ternally validate the performance of the CARE rule, initially
developed and studied by Six et al. (9), in patients present-
ing with non-traumatic chest pain to the ED and compare its
performance with physicians’ gestalt.

2. Methods
2.1. Study design and setting

This is a multicenter, observational, prospective study which
took place at three urban EDs beginning in September 2019
and ending in February 2020 due to the coronavirus dis-
ease 19 (COVID-19) outbreak. The EDs were all academic
centers in two cities (Tehran and Qazvin) in Iran with 24/7
emergency care available. The two centers in Tehran, Imam
Khomeini hospital and Sina hospital, are teaching hospitals
with residents and an active ST-elevation myocardial infarc-
tion (STEMI) protocol in place. The STEMI protocol en-
sured a rapid electrocardiogram (ECG) after ambulance ar-
rival which was promptly reviewed by a cardiologist at emer-
gency medical service (EMS) dispatch center so that the pa-
tient could be transferred directly to the catheterization lab-
oratory in case of a STEMI. In contrast, there was no STEMI
protocol in the ED of Booali Sina hospital in Qazvin and
emergency physicians were the first physicians to evaluate
these patients and review their ECGs. The study was ap-
proved by the institutional review board at all three institu-
tions (IR.TUMS.IKHC.REC.1397.225).

2.2. Selection of participants

Patients over the age of 15 who presented to the ED with a
chief complaint of non-traumatic chest pain and who had
at least one cTn level ordered were considered eligible and
included. Patients were screened around the clock during
the investigators’ shifts. Those who did not give consent,
were unable to provide a history, or could not be followed
up were excluded. Patients’ enrollment began in Septem-
ber 2019 but was prematurely terminated in February 2020
due to the COVID-19 outbreak in the country, which caused a
dramatic decrease in patients presenting to the hospital with
chest pain.

2.3. Measurements

During the study period, there was no structured decision-
making tool in use at the study sites for chest pain, and pa-
tients would undergo a diagnostic workup according to the
discretion of the treating physician. Two emergency physi-
cians (HM and TM) and a post graduate year-2 (PGY-2) emer-
gency medicine resident (MC) separately collected the infor-
mation needed for the calculation of the CARE and HEART
scores. As mentioned above, the CARE rule incorporates the
same items as the HEART score with the exception of the
cTn level. Considering the maximum cTn score of 2, it is

Patients approached for inclusion
(n=169)

Excluded (n=8)

Unable to give consent (n=3)

Incomplete data (n=2)

Exclusion criteria (n=3)

Patients' data were collected
(n=161)

—| Lost to follow up (n=7)

| Analyzed (n=154) |

The flowchart of the patients studied with chest pain

proposed by designers that a score of <2 for the CARE rule
would fall within the low-risk group irrespective of the cTn
result (10). We also assessed physician gestalt for the prob-
ability of MACE within 6 weeks of ED presentation on a 3-
level scale (low, medium, and high) using the same data used
for the rules. A board-certified cardiologist (AA) who was not
involved in the care of the patients and did not have access
to any of their collected data, interpreted the ECGs. After re-
viewing admitted patients charts for MACE occurrence in the
hospital, the patients with no MACE and who were deemed
low-risk and discharged from the ED were contacted after 6
weeks after the index visit. Contact attempts were made up
to three times on three consecutive days before the patient
was considered lost to follow up and excluded from the final
analysis.

The cTn used at all three medical centers, was the high sensi-
tivity cardiac troponin I (hs-cTn I) assay (Abbot Architect®
i2000 device and VIDAS®) and the cut-off values of 0.03
ng/ml and 0.19 ng/ml, which correspond to the 99th per-
centile of normal population, were used.

2.4. Outcomes

The primary goal of this study was to assess the performance
of the CARE rule at the <1 cut-off for MACE prediction af-
ter 6 weeks. Secondary outcomes included performance of
the HEART score <3 to rule out MACE during the period,
and physicians’ gestalt for identifying those who were “low
risk” using a 3-level Likert scale which was administered to
the treating physicians. MACE was a composite outcome
that was assessed via structured telephone follow up after 6
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UE1DRE Characteristics of the patients with chest pain included in the study

Variables Total (N=154) MACE (N=25) Non-MACE (N=129) P value
Age (year), mean+SD 52.55+14.52 62.08+9.20 50.71+14.83 0.012
Male gender, n (%) 101 (65.6) 13 (52.0) 88 (68.2) 0.273
Diabetes mellitus, n (%) 35 (22.7) 10 (40.0) 25 (19.4) 0.251
Diagnosed hypertension, n (%) 57 (37.0) 13 (52.0) 44 (34.1) 0.128
Diagnosed dyslipidemia, n (%) 39 (25.3) 8(32.0) 31 (24.0) 0.335
Active or weaned smoker < 90 days, n (%) 33 (21.4) 7 (28.0) 26 (20.2) 0.251
Obesity (BMI > 30 kg/m?), n (%) 11 (7.1) 2 (8.0) 8(6.2) 0.929
Intake of aspirin in last 7 days, n (%) 51 (33.1) 8(32.0) 43 (33.3) 0.707
History of myocardial infarction, n (%) 9 (5.8) 2 (8.0) 6 (4.7) 0.381
Systolic blood pressure at admission (mmHg), mean+SD 132.26+23.28 138.15+29.32 136.16+29.35 0.251
Diastolic blood pressure at admission (mmHg), mean+SD 81.36+10.83 82.19+12.90 81.16+12.53 0.758
Heart rate at admission (beats/min), mean+SD 77.56+13.98 69.96+10.99 70.862+11.08 0.002

SD: Standard deviation; MACE: Major adverse cardiac events; BMI: Body mass index

Outcome of patients in different CARE score
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Distribution of MACE incidence among included chest pain patients with different CARE score

MACE: Major adverse cardiac events

weeks. It was defined as myocardial infarction (using the def-
inition of the international consensus conference of 2012 for
myocardial infarction) (10), coronary angioplasty, coronary
artery bypass graft, and all-cause mortality.

2.5. Analysis

The categorical variables were presented with frequency and
percent while quantitative variables were presented as mean
and standard deviation or median and interquartile range
according to the data distribution. Considering the lower
bound of sensitivity in the original Moumneh et al. study
(99%) (8) with a difference of 2%, at least 215 patients were
needed in the sample size.

The performances of the rules in terms of sensitivity, speci-
ficity, and positive and negative predictive values were cal-
culated using a 2 by 2 contingency table. The results were

reported with a 95% confidence interval (CI). The area un-
der the curve (AUC) of the receiver operating characteristic
(ROC) curve were also calculated for both clinical decision
rules and physician gestalt. All tests were performed using
SPSS 24.0 software (IBM, Armonk, NY, USA). Post hoc power
analysis was performed to calculate the power after comple-
tion of the study to assess type II error due to the adverse ef-
fects of false negatives in case of ACS.

3. Results

During the 6-month study period, 169 patients were ap-
proached and included. Eight were excluded due to ex-
clusion criteria and incomplete data. Seven patients could
not be reached via phone after 6 weeks (Figure 1). At the
end, 154 patients’ data were collected and analyzed. The
characteristics of the included patients are shown in table 1.
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yE10 (P CARE and HEART scores by items among all patients and in patients with and without MACE

Rule items, Score Total MACE Non-MACE P value
(N=154) (N=25) (N=129)
Highly suspicious (2) 29 7 22
Characteristics of the Moderately suspicious (1) 67 16 51 0.004
chest pain Slightly suspicious (0) 58 2 56
= 65 years (2) 32 9 23
Age 45-64 years (1) 77 16 61 0.001
<45 years (0) 45 0 45
> 3 risk factors or history of atherosclerotic 53 11 42
Risk factors disease (2)
1 or 2 risk factors (1) 59 11 48 0.173
No known risk factor (0) 42 3 39
Significant ST-segment deviation (2) 37 10 27
ECG Non-specific repolarization disturbances (1) 9 2 07 0.087
Normal (0) 108 13 95
>3 times normal (2) 22 10 10
Errle i 1-3 times normal limit (1) 6 3 3 <0.001
< normal limit (0) 126 12 116
CARE score, mean+SD 3.34+0.17 4.76+0.34 3.06+0.18 <0.001
HEART score, mean+SD 3.66+2.43 5.84+1.97 3.24+2.29 <0.001

ECG: Electrocardiogram; SD: Standard deviation; MACE: Major adverse cardiac events

B GRY Performance of CARE rule, HEART score, and physicians’ gestalt among patients with chest pain for MACE during the 6-week follow

up
Sensitivity Specificity Positive Negative Positive Negative Accuracy Number of
likelihood likelihood predictive predictive patients
Variables ratio ratio value value diagn.osed as
low risk (%)
(95%Cl)
CARE rule 96.15% 25.00% 1.28 0.15 20.66% 96.97% 37.01% 33 (21.43)
(80.36-99.90) (17.77-33.42) (1.13-1.45) (0.02-1.08) (18.67-22.81) (82.06-99.56) (29.38 -45.16)
CARE rule at 96% 41.86% 1.65 0.1 24.24% 98.18% 50.65% 55 (35.71)
cut-off<3 (79.65-99.90) (33.24-50.87) (1.40-1.95) (0.01-0.66) (21.31-27.44) (88.67-99.73) (42.48 - 58.79)
HEART 88% 59.69% 2.18 0.2 29.73% 96.25% 64.29% 80 (51.95)
score (68.78 - 97.45) (50.70-68.23) (1.69-2.82) (0.07-0.59) (24.69-35.32) (89.79-98.68) (56.18 - 71.84)
Physicians’ 96% 49.22% 1.89 0.08 26.97% 98.44% 56.86% 64 (42.21)
gestalt (79.65 - 99.90) (40.28 - 58.20) (1.57-2.28) (0.01-0.56) (23.42-30.83) (90.16-99.77) (48.62 - 64.83)

CI: Confidence interval; MACE: Major adverse cardiac event

*Low risk thresholds defined as CARE rule <2; HEART score <4; and physicians’ gestalt of low risk

Twenty-six patients (16.88%) experienced MACE in 6 weeks
and two deaths occurred among all the patients. Thirty-three
(21.43%) individuals had a negative CARE rule of which 1
patient experienced MACE (coronary angioplasty) after dis-
charge in the 6-week follow up (Figure 2). The compo-
nents of the CARE score for the population and MACE and
non-MACE groups are shown in table 2. The sensitivity of
the CARE rule was 96.15% (95% CI: 80.36,99.90) and speci-
ficity was 25% (95% CI: 17.77,33.42). The indices for HEART
score were 88% (95% CI: 68.78,97.45) and 59.69% (95% CI:
50.70,68.23), respectively. In comparison, physician gestalt
had a sensitivity of 96% (95% CI: 79.65,99.90) and speci-
ficity of 49.22% (95% CI: 40.28,58.20) surpassing both clinical
decision-making rules.

The LR- of the CARE rule, HEART score, and the physicians’
gestalt for the diagnosis of “low risk” (defined as CARE < 2,
HEART < 4, and Physicians’ gestalt of “low risk”) were 0.15%

(95% CI: 0.02-1.08), 0.20 (95% CI: 0.07,0.59), and 0.08 (95%
CI: 0.01,0.56), respectively (Table 3). In addition, the AUC for
the CARE rule HEART score, and gestalt were 0.74 (95% CI:
0.64,0.83), 0.80 (95% CI: 0.72,0.89), 0.83 (95% CI: 0.75,0.91),
respectively (Figure 3).

It is important to note that the performance of both scores
in the low-risk group was affected by one patient who had
MACE. He was a 48-year-old man with no risk factors who
was considered low risk in history and had negative ECG
findings with a normal cTnl result. He underwent coronary
angioplasty during the follow up period.

Using a new cut-off value for the CARE rule (CARE<3) would
result in a sensitivity of 96% (95% CI: 79.65,99.90), speci-
ficity of 41.86% (95% CI: 33.24,50.87), LR+ of 1.65 (95%
CI:1.40,1.95), LR- of 0.1 (95% CI: 0.01,0.66), positive predic-
tive value (PPV) of 24.24% (95% CI: 21.31,27.44), and negative
predictive value (NPV) of 98.18% (95% CI: 88.67,99.73). The
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accuracy would be 50.65% (95% CI: 42.48,58.79) at this new
cut-off. The post hoc power analysis resulted in 76%.

4, Discussion

Our results showed that although the CARE rule helped the
physicians with no ACS misdiagnosis, the miss rate for MACE
predication was more than the acceptable limit of less than
2% (11,12). In addition, while its performance was better
than the HEART score, the results of the physicians’ gestalt
outperformed both rules.

Due to limited resources, it is necessary to distinguish ACS
from other benign causes of chest pain in those with a low
risk of MACE (13). Guidelines have recommended that risk
stratification scores should be used for clinical decision-
making (14). The primary goal of any decision-making tool
for ACS is to lower the miss rate (ideally less than about 2%)
(11,12) through higher sensitivity and NPV with low LR-. Ini-
tial risk scores for risk stratification such as TIMI (thrombol-
ysis in myocardial infarction) and GRACE (Global registry of
acute coronary events) scores were adopted from admitted
patients (15). The HEART score was proposed in 2006 for the
ED and validated in numerous studies afterward. Although
the results were variable due to factors such as a difference
in clinical settings and the application of new generations
of the cTnl assay, meta-analyses showed acceptable results
(16,17). Our results fell within the results of previous studies
but did not show the acceptable performance of this rule in
our population. Moumneh et al. first introduced the CARE
rule for ACS exclusion in a prospective study (8). They ex-
amined the tool for MACE prediction in a 6-week period.
Among 641 patients, CARE rule was negative in 200 (31.2%)
and none suffered a MACE during the timeframe of the study
[0% (0.0,1.9)]. Considering the sample size and narrow confi-
dence interval, which was below 2%, the CARE rule was pro-
posed as a reliable tool. Multiple studies have also evalu-

ated the performance of this rule. In a study by Stopyra et
al., authors retrospectively reviewed paramedics’ prehospi-
tal reports to assess the rule performance in MACE predic-
tion in a 30-day period (18). Among 747 patients, the results
for sensitivity, NPV, and LR- were 78.8% (95% CI: 68.6,86.9),
94.3% (95% CI: 91.2,96.6), and 0.50 (95% CI: 0.28,0.72), re-
spectively. In another study from the same institution, a pre-
planned secondary analysis by Smith et al. showed that in a
sample of 3809 ED patients the sensitivity was improved to
97.8% (94.5% to 99.4%) with LR- 0f 0.179 (0.068 to 0.473) (19).
In the 30-day follow up period, there were 2 deaths and 2 my-
ocardial infarction (MI)s among the patients who were con-
sidered as low risk. Of note, the patients with acute ischemic
changes on their ECG and history of cardiac diseases were ex-
cluded in the Smith et al. study in order to include patients
with no obvious ischemic signs on their ECG. In comparison
to our study, this would only leave patients with lower risk
in the study population. This can be seen in comparing the
prevalence of patients with MACE in studies which was over
five times higher in our study (3.03% versus 16.88%). This
difference may be due to study sites type and the patients in-
cluded in this study. In that study, among patients who were
stratified into the low-risk group by the rule, the prevalence
of MACE was below 1% but more than 2% in the lower bound
of the CI. Considering this, the authors proposed additional
validation before recommendations because the miss rate
might be above 2% (the acceptable miss rate by emergency
physicians).

Our study attempted to refine the cut-off for the CARE rule to
improve its function while maintaining specificity and sensi-
tivity. The idea stemmed from the presumption that because
of the low probability of ACS and MACE, even at this new cut-
off value, a positive cTnl is unlikely in cases with a CARE rule
below 2. This new value helped to include another 22 pa-
tients (14%) in the low-risk group with no additional cases
of MACE. The results showed that the modified CARE rule,
which we defined as a CARE score of <3, can rule out MACE
among 67.30% of the cohort with a similar performance in
comparison to 31.80% in the original CARE rule. Data for this
new cut-off was only available in the Moumneh et al. study
(8). The study showed an additional 20% of the population
could be safely discharged with this change in the cut-off,
without increasing the incidence of MACE.

It is prudent to evaluate clinical judgment against clinical
decision-making rules. Clinician gestalt has been previously
assessed before the addition of ECG and cTnl results by some
studies. One study showed that even at the lowest probabil-
ity level, not only is the risk of a missed diagnosis only about
5%, but also only a small fraction (4.4%) of patients were in-
cluded in these strata (20). Other studies considered the ad-
dition of ECG and cTnl results to the clinical judgment; one
study showed acceptable MACE rate (0.3%) (21), butin alarge
cohort, other investigators stated that they had reached the
target of 100% sensitivity and 100% NPV but were only able
to label 4.1% of patients as low risk which made it imprac-
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References

tical for clinical application (20). In our study, clinical judg-
ment deemed 64 patients (42.21%) to be low risk for ACS with
no misdiagnosis, and only 1 (1.56%) incident of MACE in 6
weeks.

5. Limitations

ACS presentation after the COVID-19 outbreak was dramat-
ically decreased all over the world (22,23). Although this
study did not reach its predetermined sample size due to
premature termination, post hoc power analysis showed a
nearly acceptable power for the included patients. In addi-
tion, although the patients were recruited during different
shift times due to convenience sampling, there still remains a
risk of sampling bias. Furthermore, while no laboratory stud-
ies are ordered in STEMI patients and this subgroup was not
included in the first place, the presence of a STEMI proto-
col in one of the study sites decreased the heterogeneity of
patients included in this study. Finally, although we hoped
the presence of a PGY-2 emergency medicine resident would
create similar conditions to that of an attendant emergency
physician, and help with generalizability of the results, the
performance of the rules may still vary when used by less ex-
perienced physicians.

6. Conclusion

In conclusion, our study showed that while the CARE rule
and HEART score cannot be used reliably for the discharge
of patients with non-traumatic chest pain, physicians’ gestalt
showed promising results.

7. Declarations

7.1. Acknowledgement

We would like to express our commitment and appreciation
to the Prehospital and Hospital Emergency Research Center
affiliated with Tehran University of Medical Sciences.

7.2. Authors’ contribution

The conception and design of the work by HM and AA; Data
acquisition by MC, AA, TM, and HM; Analysis and interpre-
tation of data by ADI and HM; Drafting the work by MC, LE
TM, and HM; Revising it critically for important intellectual
content by AA, LE and HM; All the authors approved the final
version to be published; and agree to be accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work.

7.3. Conflict of interest

The authors declared that there is no conflict of interest to
declare.

7.4. Funding

The study was conducted without any found.

1.

10.

11.

12.

13.

Goodacre S, Cross E, Arnold J, Angelini K, Capewell S,
Nicholl J. The health care burden of acute chest pain.
Heart. 2005;91(2):229-30.

. Salehi N, Moghadam RH, Rai A, Montazeri N, Azimivghar

J, Janjani B et al. Daily, monthly, and seasonal pattern of
ST-segment elevation myocardial infarction (STEMI) oc-
currence in western Iran; a cross-sectional study. Front
Emerg Med. 2020;5(3):e28.

. Greenslade JH, Carlton EW, Van Hise C, Cho E, Hawkins

T, Parsonage WA, et al. Diagnostic accuracy of a new
high-sensitivity troponin I assay and five accelerated di-
agnostic pathways for ruling out acute myocardial in-
farction and acute coronary syndrome. Ann Emerg Med.
2018;71(4):439-51. e3.

. Backus BE, Six AJ, Kelder JC, Mast TP, van den Akker E

Mast EG, et al. Chest pain in the emergency room: a mul-
ticenter validation of the HEART Score. Crit Pathw Car-
diol. 2010;9(3):164-9.

. Mahler SA, Lenoir KM, Wells BJ, Burke GL, Duncan PW,

Case LD, et al. Safely identifying emergency depart-
ment patients with acute chest pain for early discharge:
HEART pathway accelerated diagnostic protocol. Circu-
lation. 2018;138(22):2456-68.

. Farzadi L, Bagheri-Hariri S, Mehrakizadeh A, Alshaikh

FA, Larti E Echocardiographic assessment of diastolic
function in non-ST elevation acute coronary syndrome
patients and its association with in-hospital diagnosis.
Front Emerg Med. 2022;6(2):e17.

. Brown MD, Wolf SJ, Byyny R, Diercks DB, Gemme SR,

Gerardo CJ, et al. Clinical policy: critical issues in the
evaluation and management of emergency department
patients with suspected non-ST-elevation acute coro-
nary syndromes. Ann Emerg Med. 2018;72(5):e65-106.

. Moumneh T, Richard-Jourjon V, Friou E, Prunier E

Soulie-Chavignon C, ChoukrounJ, et al. Reliability of the
CARE rule and the HEART score to rule out an acute coro-
nary syndrome in non-traumatic chest pain patients. In-
tern Emerg Med. 2018;13(7):1111-9.

. Six AJ, Backus BE, Kelder JC. Chest pain in the emer-

gency room: value of the HEART score. Neth Heart J.
2008;16(6):191-6.

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman
BR, White HD, et al. Third universal definition of myocar-
dial infarction. ] Am Coll Cardiol. 2012;60(16):1581-98.
Kline JA, Johnson CL, Pollack CV, Diercks DB, Hollander
JE, Newgard CD, et al. Pretest probability assessment de-
rived from attribute matching. BMC Med Inform Decis
Mak. 2005;5:26.

Than M, Herbert M, Flaws D, Cullen L, Hess E, Hollan-
der JE, et al. What is an acceptable risk of major adverse
cardiac event in chest pain patients soon after discharge
from the emergency department?: a clinical survey. Int J
Cardiol. 2013;166(3):752-4.

E Backus B, J Six A, H Kelder J, B Gibler W, L Moll E A Do-

Copyright © 2022 Tehran University of Medical Sciences

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org /licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited. 6



FRONTIERS IN EMERGENCY MEDICINE. 2022;6(4):e49

14.

15.

16.

17.

18.

evendans P. Risk scores for patients with chest pain: eval-
uation in the emergency department. Curr Cardiol Rev.
2011;7(1):2-8.

Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Gani-
ats TG, Holmes DR, et al. 2014 AHA/ACC guideline for the
management of patients with non-ST-elevation acute
coronary syndromes: a report of the American College
of Cardiology/American Heart Association task force on
practice guidelines. ] Am Coll Cardiol. 2014;64(24):e139-
228.

Liu N, NgJC, Ting CE, Sakamoto JT, Ho AE, Koh ZX, et al.
Clinical scores for risk stratification of chest pain patients
in the emergency department: an updated systematic re-
view. ] Emerg Crit Care Med. 2018;2:16.

Fernando SM, Tran A, Cheng W, Rochwerg B, Taljaard M,
Thiruganasambandamoorthy V, et al. Prognostic accu-
racy of the HEART score for prediction of major adverse
cardiac events in patients presenting with chest pain: a
systematic review and meta-analysis. Acad Emerg Med.
2019;26(2):140-51.

Laureano-Phillips J, Robinson RD, Aryal S, Blair S, Wilson
D, Boyd K, et al. HEART score risk stratification of low-
risk chest pain patients in the emergency department:
a systematic review and meta-analysis. Ann Emerg Med.
2019;74(2):187-203.

Stopyra JB, Harper WS, Higgins TJ, Prokesova JV, Winslow

19.

20.

21.

22.

23.

JE, Nelson RD, et al. Prehospital modified heart score pre-
dictive of 30-day adverse cardiac events. Prehosp Disas-
ter Med. 2018;33(1):58-62.

Smith LM, Ashburn NP, Snavely AC, Stopyra JP, Lenoir
KM, Wells BJ, et al. Identification of very low-risk acute
chest pain patients without troponin testing. Emerg Med
J. 2020;37(11):690-5.

Oliver G, Reynard C, Morris N, Body R. Can emergency
physician gestalt “rule in” or “rule out” acute coronary
syndrome: validation in a multicenter prospective diag-
nostic cohort study. Acad Emerg Med. 2020;27(1):24-30.
BodyR, Cook G, Burrows G, Carley S, Lewis PS. Can emer-
gency physicians Tule in’ and ‘Trule out’ acute myocar-
dial infarction with clinical judgement? Emerg Med J.
2014;31(11):872-6.

Braiteh N, Rehman WU, Alom M, Skovira V, Breiteh N,
Rehman I, et al. Decrease in acute coronary syndrome
presentations during the COVID-19 pandemic in upstate
New York. Am Heart J. 2020;226:147-51.

Garcia S, Albaghdadi MS, Meraj PM, Schmidt C, Gar-
berich R, Jaffer FA, et al. Reduction in ST-segment eleva-
tion cardiac catheterization laboratory activations in the
United States during COVID-19 pandemic. ] Am Coll Car-
diol. 2020;75(22):2871-2.

Copyright © 2022 Tehran University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.org /licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited. 7



	 Introduction
	 Methods
	Results
	Discussion
	 Limitations
	 Conclusion
	Declarations
	References

