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ABSTRACT

Background: The no objective testing rule (NOTR) is a decision aid designed to safely identify emergency
department (ED) patients with chest pain who do not require objective testing for coronary artery disease.

Objectives: The objective was to validate the NOTR in a cohort of U.S. ED patients with acute chest pain and
compare its performance to the HEART Pathway.

Methods: A secondary analysis of 282 participants enrolled in the HEART Pathway randomized controlled trial
was conducted. Each patient was classified as low risk or at risk by the NOTR. Sensitivity for major adverse
cardiac events (MACE) at 30 days was calculated in the entire study population. NOTR and HEART Pathways
were compared among patients randomized to the HEART Pathway in the parent trial using McNemar’s test and
the net reclassification improvement (NRI).

Results: Major adverse cardiac events occurred in 22/282 (7.8%) participants, including no deaths, 16/282
(5.6%) with myocardial infarction (MI), and 6/282 (2.1%) with coronary revascularization without MI. NOTR was
100% (95% confidence interval [CI] = 84.6%–100%) sensitive for MACE and identified 78/282 patients (27.7%,
95% = CI 22.5–33.3%) as low risk. In the HEART Pathway arm (n = 141), both NOTR and HEART Pathway
identified all patients with MACE as at risk. Compared to NOTR, the HEART Pathway was able to correctly
reclassify 27 patients without MACE as low risk, yielding a NRI of 20.8% (95% CI = 11.3%–30.2%).

Conclusions: Within a U.S. cohort of ED patients with chest pain, the NOTR and HEART Pathway were 100%
sensitive for MACE at 30 days. However, the HEART Pathway identified more patients suitable for early discharge
than the NOTR.

Health care assets such as stress testing and hospi-
talization are inefficiently utilized on patients who

present to emergency departments (ED) with acute
chest pain. Overtesting leads to a significant number
of false-positive and nondiagnostic tests, additional

unnecessary and often invasive procedures, and radia-
tion exposure, as well as ED and inpatient crowding.1

Healthcare leaders agree that there is a need to more
efficiently evaluate the 10 million patients who present
to U.S. ED annually complaining of chest pain.2
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Accelerated diagnostic protocols (ADPs) have been
developed to more accurately risk stratify ED patients
with acute chest pain and avoid unnecessary testing.3

The no objective testing rule (NOTR) is an easy-to-use
ADP, which does not depend on subjective criterion.
In a prior study, the NOTR identified 31% of patients
as low risk, who could forego objective cardiac testing
while achieving a sensitivity of 97.6% for acute coro-
nary syndrome (ACS).4 However, NOTR has yet to
be validated in U.S. ED patients or compared
to another ADP. The objectives of this analysis were
to determine if NOTR meets the standard of a useful
decision aid (safely identifying 20% or more patients
for early discharge) and to compare its sensitivity and
early discharge rates to those of the HEART Pathway
in a cohort of U.S. ED patients.5

METHODS

Study Design
A retrospective analysis of participants enrolled in the
HEART Pathway randomized controlled trial (RCT)
was conducted. Participants were enrolled from
September 2012 through February 2014, and all gave
written informed consent at the time of study entry.
The HEART Pathway trial was approved by the inter-
nal review board of the sponsoring organization and
was registered with ClinicalTrials.gov (clinical trial
number NCT01665521) prior to enrollment. Methods
of the HEART Pathway trial have been previously
described.3

Study Setting and Population
Participants were enrolled from the ED of (withheld
for review) an academic tertiary care center. ED patient
volume during the enrollment period consisted of
approximately 104,000 encounters per year. Contem-
porary serum troponin measurements were performed
using the ADVIA Centaur TnI-UltraTM assay (Sie-
mens), which has a 99th percentile upper reference
limit (URL) and 10% coefficient of variance at 0.04
lg/L.
Patients ≥ 21 years old presenting with symptoms

suggestive of ACS were screened. Eligibility criteria
included the provider ordering an electrocardiogram
(ECG) and troponin for ACS evaluation. Patients
were excluded for new ST-segment elevation ≥ 1 mm;
hypotension; life expectancy < 1 year; a noncardiac
medical, surgical, or psychiatric illness determined by

the provider to require admission; prior enrollment;
non–English speaking; and incapacity/unwillingness
to consent.

Data Collection
Data elements from the electronic medical record
(EMR) were collected prospectively in accordance with
standards of good clinical practice, standardized report-
ing guidelines,6 and key data elements and definitions.
At 30 days, a structured record review and tele-

phone interview were conducted to identify events
since discharge. In an effort to prevent recall bias,
events reported at other healthcare facilities were con-
firmed using structured review of outside medical
records. Incomplete follow-up was handled using the
following algorithm: participants with ongoing visits in
the EMR were considered to have complete informa-
tion and were classified based on data available; partic-
ipants without ongoing visits were considered lost to
follow-up. The Social Security Death Master File was
searched for participants unable to be contacted.

NOTR
The NOTR decision rule was retrospectively applied
to all study participants. NOTR uses cardiac risk fac-
tors, history of myocardial infarction (MI) or coronary
artery disease, age, serial troponin measures, and a
nonischemic ECG (no ST-depression or T-wave inver-
sion in > 1 contiguous lead) to risk stratify patients.
All of the data elements needed for NOTR were col-
lected prospectively at the time of enrollment in the
HEART Pathway RCT.

Heart Pathway
Trial participants were randomized to the HEART
Pathway or usual care using random permuted blocks.
In the HEART Pathway arm (n = 141), patients were
risk stratified by attending ED providers using the
HEART score,7,8 and serial cardiac troponin measures
at 0 and 3 hours. Patients were considered low risk if
HEART scores were 0–3 and both serial troponin
results were below the URL. Patients with a HEART
score of >4 or a troponin measure above the URL
were considered at risk.

Study Measures
Our primary outcome was the rate of major adverse
cardiac events (MACE) within 30 days of presentation
(the composite of death, MI, or coronary revasculariza-
tion). A consensus of two reviewers (CDM, BCH),
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blinded to NOTR and HEART Pathway risk assess-
ment, adjudicated elements required to measure the
occurrence of MACE. To make these assessments,
reviewers were provided participant’s index and dis-
charge records, follow-up call information, records
from follow-up, and study definitions. Disagreements
were settled by consensus between two reviewers or
involvement of a third blinded reviewer.

Data Analysis
The percentage of patients identified by NOTR as
low risk, the sensitivity, specificity, positive and nega-
tive likelihood ratios, and positive and negative pre-
dictive values (PPV, NPV) of NOTR for MACE
were calculated within the entire cohort (n = 282).
Within the HEART Pathway arm (n = 141) these
test characteristics were calculated for NOTR and
HEART Pathway. Patients with incomplete follow-up
(<4%, 10/282) were considered free of 30-day
MACE events. ADP performance was compared
using McNemar’s test and net reclassification
improvement (NRI). Statistical analysis was per-
formed using SAS 9.4 (SAS Institute).

RESULTS

From September 2012 to February 2014, a total of
282 patients with symptoms suggestive of ACS were
enrolled in the HEART Pathway RCT. Data needed
to determine risk by NOTR were available on all 282
participants. MACE occurred in 22/282 (7.8%): there

were no deaths, 16 patients had MI, and six patients
had coronary revascularization without MI.
NOTR identified 78/282 patients (27.7%, 95%

confidence interval [CI] = 22.5%–33.3%) as low risk.
Of these, none had MACE at 30 days. NOTR was
100% (95% CI = 84.6%–100%) sensitive for MACE,
identifying 22/22 patients with MACE. Specificity was
30.0% (95% CI = 24.5%–36.0%), PPV was 10.8%
(95% CI = 6.9%–15.9%), and NPV was 100% (95%
CI = 95.4%–100%).
Within the HEART Pathway arm, MACE occurred

in 11/141 (7.8%): there were no deaths, seven patients
had MI, and four patients had coronary revasculariza-
tion without MI. NOTR and HEART Pathway identi-
fied all patients with MACE as at risk (11/11); yielding
a sensitivity of 100% (95% CI = 71.5%–100%) for
both. NOTR identified 39/141 patients (27.7%, 95%
CI = 20.5%–35.8%) as low risk, while the HEART
Pathway identified 66/141 patients (46.8%, 95% CI =
38.3%–55.4%) as low risk, an absolute difference of
19.1% (95% CI = 13.0%–26.6%; p < 0.001). Test
characteristics of NOTR and HEART Pathway are sum-
marized in Table 1. Compared to NOTR, the HEART
Pathway had a net gain of 27 patients without MACE
as low risk, yielding a NRI of 20.8% (95% CI =
11.3%–30.2%), calculated by using an add-on macro in
SAS.9 The HEART Pathway incorrectly moved nine
patients up to a higher risk level, a net proportion of
events of 0.069, while correctly moving 36 patients
down to a nonevent, which yields a net proportion of
non-events of 0.277.

Table 1
Performance Characteristics of the NOTR and the HEART Pathway Within the HEART Pathway Arm

Risk Stratification Strategy

30-day MACE

Yes (n) No (n) Total (n)

NOTR

At risk 11 91 102

Low risk 0 39 39

Total (n) 11 130 141

HEART

At risk 11 64 75

Low risk 0 66 66

Total (n) 11 130 141

% Low Risk
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

PLR
(95% CI)

NLR
(95% CI)

NOTR 27.7%
(20.5–35.8)

100%
(71.5–100)

30.0%
(24.5–36.0)

10.8%
(6.9–15.9)

100%
(91.0–100)

1.43
(1.28–1.60)

0.00

HEART 46.8%
(38.3–55.4)

100%
(71.5–100)

50.8%
(41.9–59.6)

14.7%
(7.6–24.7)

100%
(94.6–100)

2.03
(1.71–2.42)

0.00

MACE = major adverse cardiac events; NOTR = no objective testing rule; NLR = negative likelihood ratio; NPV = negative predictive
value; PLR = positive likelihood ratio; PPV = positive predictive value.
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DISCUSSION

The primary finding of this analysis is that NOTR is
highly sensitive for MACE, but does not identify as
many patients for early discharge as the HEART
Pathway. The performance of NOTR in our study is
consistent with results from Greenslade and col-
leagues,4 who identified 31% of patients with chest
pain as low risk while achieving a sensitivity of
97.6% for ACS.
The high sensitivity required of chest pain risk strat-

ification ADPs often comes at the expense of identify-
ing fewer patients for early discharge. Attempts to
maximize sensitivity result in an increase in false-posi-
tive cases and lower numbers of true negatives. In our
comparison of NOTR to the HEART Pathway, the
HEART Pathway was better than NOTR in achieving
a balance between the need for high sensitivity and
limiting the number of false-positive patients. The
HEART Pathway identified nearly 20% more patients
for early discharge than NOTR while maintaining
100% sensitivity for MACE.
As the U.S. healthcare system transitions to a value-

based healthcare delivery model, tools that avoid
unnecessary cardiac testing and hospital admissions
will be increasingly important. Our data suggest that
the HEART Pathway is superior to NOTR in provid-
ing value. New ADPs or modifications to the HEART
Pathway should seek to maintain a high sensitivity
(>99%) while increasing the percentage of low-risk
patients identified for early discharge.

LIMITATIONS

Our small sample size and small number with
MACE produced wide CIs, which limits the ability
to draw definitive conclusions. Enrollment from a
single academic medical center may limit generaliz-
ability. Our cohort differs from the cohort used to
derive and validate NOTR as our cohort includes
patients with initial elevated troponins and ischemic
ECGs. Follow-up was incomplete on 10 patients
(3.5% of participants), which may have caused mis-
classification and underestimation of MACE. In the
HEART Pathway RCT serial troponins were
obtained at 0 and 3 hours after arrival rather than
at 0 and 2 hours as required by NOTR. However,
a second measure of troponin at >2 hours should
enhance sensitivity without substantively decreasing
early discharges.10

CONCLUSIONS

Within a U.S. cohort of ED patients with symptoms
concerning for acute coronary syndrome, the no objec-
tive testing rule was 100% sensitive for 30-day major
adverse cardiac events and identified 28% as low risk.
However, the HEART Pathway has improved speci-
ficity and outperformed no objective testing rule by
correctly identifying 19% more patients as low risk
and safe for early discharge.
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