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Background: The ability to rule out or in a major adverse cardiac event (MACE) in patients with suspected acute coronary syndrome
at emergency department (ED) presentation would be beneficial to patient care and the health care system. The clinical chemistry
score (CCS) was evaluated in this context.

Methods: This diagnostic accuracy study evaluated 2 different ED cohorts with suspected acute coronary syndrome. For patients in
cohort 1, who presented to the ED of 3 hospitals in Hamilton, Ontario, between May and August 2013, retrospective measurements
were taken using the Ortho Clinical Diagnostics high-sensitivity cardiac troponin | (hs-cTnl) assay; for patients in cohort 2, who pre-
sented to the ED of the same 3 hospitals in Hamilton between November 2012 and February 2013, an ED cardiac presentation blood
test panel was performed with the Abbott Diagnostics hs-cTnl assay. The sensitivity and specificity of the CCS (cut-offs of > 1 and 5)
and hs-cTnl alone (published cut-offs) were compared for MACE (composite of death, myocardial infarction, unstable angina, revascu-
larization) at 30 days for both cohorts and at 90 days for cohort 2.

Results: The incidence of MACE at 30 days was higher in cohort 1 (n = 1058) (19.4%, 95% confidence interval [Cl] 16.8%—22.2%) than in
cohort 2 (n =5974) (14.6%, 95% CI 13.6%—15.6%). In cohort 1, a CCS of 1 or above yielded a sensitivity of 99.5% (95% Cl 97.3%—99.9%).
The sensitivity with an Ortho hs-cTnl cut-off of 1 ng/L or above was 91.2% (95% Cl 86.5%—95.7%). The specificity of a CCS of 5 (97.8%,
95% Cl 96.5%—98.7%) was higher than when the overall 99th-percentile cut-off for the Ortho hs-cTnl assay (> 11 ng/L; 90.1%, 95% CI
87.9%-92.0%) was used. A similar pattern was observed in cohort 2 at 30 days and persisted at 90 days with the Abbott hs-cTnl assay.

Interpretation: The CCS derived with 2 different hs-cTnl assays and ED populations yielded higher sensitivity and specificity esti-
mates for MACE than hs-cTnl alone. An intervention study is needed to evaluate the impact of the CCS at both the patient and hospi-
tal levels. Trial registration: ClinicalTrials.gov, no. NCT01994577

vidence and guidelines have indicated that an unde-
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tectable or low concentration of high-sensitivity car-

diac troponin (hs-cTn) at emergency department
(ED) presentation may be a suitable criterion in certain
patients for ruling out myocardial infarction (MI) and possibly
discharging patients home.'™* The basis for this is the high
clinical sensitivity and negative predictive value (NPV) that
can be attained when an hs-cTn cut-off close to 5 ng/L is
used.??*¢ However, the usefulness of an undetectable or low
hs-cTn concentration in ruling out MI does not necessarily
mean that it can also be used to predict whether a patient is at
low risk for a subsequent cardiovascular event.

An international survey of ED physicians indicated that an
acceptable miss rate of major adverse cardiac events (MACE)
within 30 days would be 1% or less.” Accordingly, the sensi-
tivity required for MACE at 30 days should be at least 99% to
achieve this threshold and to allow discharge and cessation of
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investigations in patients presenting with possible acute coro-
nary syndrome (ACS) to the ED.” Therefore, uncertainty exists
about whether a single low hs-cTn cut-off at presentation pro-
vides sufficient sensitivity to exclude 30-day MACE, with the
American College of Emergency Physicians issuing the follow-
ing statement in its latest clinical policy document: “a single
high-sensitivity troponin may not have adequate sensitivity for
MACE.”® A recent study in patients with suspected ACS in the
United States that assessed death, MI and myocardial revascu-
larization within 30 days found that 2 measurements of hs-cTn
(at 0 and 3 h) below 6 ng/L achieved an NPV of 99.3%, but no
data were provided for the sensitivity and NPV of the measure-
ment (at 0 h) alone using this low cut-off.’

We have previously demonstrated in over 4000 patients
enrolled in clinical studies assessing hs-cTn in those with sus-
pected ACS that a simple clinical chemistry score (CCS) that
includes measurements of glucose, creatinine (for estimated
glomerular filtration rate, eGFR) and hs-cTn provided sensitiv-
ity (2 99.9%) for 30-day MI or death that was superior to that
of the first 2 hs-cTn assays approved by Health Canada, namely
Roche high-sensitivity cardiac troponin T (hs-¢Tn'T; sensitivity
98.2%) and Abbott high-sensitivity cardiac troponin I
(hs-cTnl; sensitivity 96.6%).1° Since that publication, 3 addi-
tional companies (Beckman Coulter, Siemens Healthcare Diag-
nostics and Ortho Clinical Diagnostics) have obtained regula-
tory approval for hs-cTnl assays from Health Canada.!'"!*

There is no standardization between hs-cTnl assays, so
different hs-cTnl assays may give very different results for the
same sample (¢InT and ¢Tnl are different proteins, so the
corresponding assays will produce different results).'>!¢ For
example, for a given patient, the same lithium heparin plasma
material measured on the Abbott Architect i1000 (hs-cTnl),
Siemens Dimension EXL (hs-¢Tnl) and Roche Cobas
(hs-cTnT) instruments yielded mean hs-cTn results of
4.4 ng/L, 7.2 ng/L and 26.8 ng/L, respectively.'® (Diagnostic
companies are discontinuing non-hs-cTn assays, so the stan-
dard laboratory test for evaluating myocardial injury will be
the hs-cTn assays.!'”) There are also interferences that may
affect some but not all assays, and thus it is important that
users know the manufacturer of the hs-cTn assay they are
using so that they can interpret results appropriately.'s!

The goal of this study was to determine if the CCS, calcu-
lated using results from different hs-cTnl assays, could
achieve the same diagnostic performance (= 99% sensitivity,
> 90% specificity)'®*° as that observed in the clinical study set-
ting and to determine if it was superior to hs-cTnl alone, for
30-day MACE, in a general ED population investigated for
possible acute cardiac injury.

Study design and patient cohorts

We conducted a diagnostic accuracy study of the CCS using
2 ED observational cohorts with parallel hs-¢Tn and conven-
tional troponin measurements performed; hs-cTn results
remained unreported to the treating ED physician (i.e., clini-
cal staff were blinded to hs-cTn results). The earliest blood
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draw in the ED that included all laboratory measurements
was used in both studies. This was accomplished in accor-
dance with the Standards for the Reporting of Diagnostic
Accuracy Studies guideline.

Cohort 1 was the Canadian cohort used in the initial pub-
lication on the CCS.! Briefly, that publication reported the
results of an observational cohort study (NCT01994577)
that enrolled patients presenting to the ED of 3 hospitals
(Hamilton General Hospital, Juravinski Hospital and St.
Joseph’s Healthcare Hamilton) in Hamilton, Ontario,
between May 2013 and August 2013. Eligible patients were
18 years of age and older, had not been transferred from a
different hospital and had a cardiac troponin measurement
ordered by an ED physician. Patients were excluded if their
symptoms were non-ACS (i.e., symptoms that did not
belong to the following group of symptoms: chest pain or
discomfort; pain or discomfort in 1 or both arms; pain or
discomfort in the jaw, neck or back; pain or discomfort in
the abdomen; shortness of breath; feeling dizzy or light-
headed; nausea or vomiting or both; diaphoresis; palpita-
tions);* or if they had ST-segment elevation MI (STEMI) at
presentation; or if they had chest trauma, cardiac surgery or
manipulation within 30 days of presentation; or if they had a
MI (STEMI or non-STEMI) or pulmonary embolus con-
firmed within the previous month; or if they had known
active cancer or noncardiac fatal illness; or if they had sepsis;
or if they had ventricular fibrillation or sustained ventricular
tachycardia.!®?!# Ethylenediaminetetraacetic acid (EDTA)
plasma samples were collected and stored below -70°C. Fur-
ther selection for the cohort was dependent of the availabil-
ity of a presentation sample with sufficient volume to obtain
a result for the Ortho Vitros 3600 hs-cTnl assay (Ortho
Clinical Diagnostics) (Figure 1).

Cohort 2 was also from an observational study in which
consecutive patients (aged 12-104 yr) who visited the ED at
the same 3 hospitals (Hamilton General Hospital, Juravinski
Hospital and St. Joseph’s Healthcare Hamilton) in Hamilton
between November 2012 and February 2013 and had a car-
diac troponin I measurement ordered, also had an hs-cTnl
measurement performed on the same tube (Abbott Architect
i2000 hs-cT'nl measured but not reported).”*** Patients were
excluded if data for their age or sex were missing in the
Ontario Registered Persons Database, if they were not an
Ontario resident or eligible for the Ontario Health Insurance
Plan (OHIP) or if glucose and creatinine results at presenta-
tion were not available for them (note that in Hamilton there
is an ED cardiac laboratory order set that includes glucose,
creatinine and other blood tests to be ordered in addition to a
troponin test) (Figure 1).

Health outcomes

The outcome for this analysis was MACE that occurred after
the blood workup at ED presentation within 30 days in both
cohorts and 90 days in cohort 2. MACE was defined as the
composite outcome of MI, unstable angina, revascularization
(e.g., percutaneous coronary intervention or coronary artery
bypass grafting) or all-cause death. In cohort 1, an emergency
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Cohort 1 Cohort 2
Screened patients All patients who visited ED
(May 2013 to August 2013) between November 2012 and
(= 18 yr, not transferred, February 2013 and had a
cTnl order by EDP) contemporary cTnl result
n = 1845 n = 6641
—— Excluded n =479 —— Excluded n = 625
¢ No ACS symptoms n = 286 All 3 laboratory tests
¢ Chest trauma, cardiac surgery or (glucose, eGFR, Abbott
cardiac manipulation within previous hs-cTnl) not performed upon
30d n=25 ED arrival, or missing age or
e STEMI, NSTEMI or pulmonary sex in RPDB, or not an
embolus confirmed within previous Ontario resident
30d n=12 \ 2
* Known active malignancy or
noncardiac fatal illness n =111 Patients with all variables
¢ History that suggests new infection needed for CCS calculation and
and sepsis n = 81 linkage to databases
e STEMI n=21 n=6016
* Ventricular fibrillation or sustained
ventricular tachycardia n =3 .
(Note: some patients excluded for —— Not OHI_P'e“g'ble
multiple reasons) at baseline n =42
Y
Eligible patients ) )
n=1366 Cohort of undifferentiated ED
patients with cardiac panel
No Abbott hs-cTnl or Roche ordered at presentation with
. Abbott hs-cTnl, glucose and
hs-cTnT result at presentation
a eGFR for CCS
n =200
Y n =5974

hs-cTnl and hs-cTnT results
at presentation |

n=1166 ¢ ¢

| No glucose or eGFR result

at presentation n = 31 30-day MACE No 30-day MACE
: n = 871 n=5103
hs-cTnl, hs-cTnT, glucose and eGFR
results at presentation
n=1135

| Lost to follow-up at
30d n=43

A
Abbott hs-cTnl, Roche hs-cTnT, glucose
and eGFR results at presentation
n=1092
| No Ortho hs-cTnl result
at presentation n = 34

Y
Ortho hs-cTnl, glucose and eGFR
results at presentation for CCS

n = 1058
30-day MACE No 30-day MACE
n =205 n =853

Figure 1: Flow diagram of the 2 different ED cohorts in this study. ACS = acute coronary syndrome, CCS = clinical chemistry score, hs-cTnl = high-
sensitivity cardiac troponin I, hs-cTnT = high-sensitivity cardiac troponin T, ED = emergency department, EDP = emergency department physician,
eGFR = estimated glomerular filtration rate, MACE = major adverse cardiac event, NSTEMI = non-ST-segment elevation myocardial infarction,
OHIP = Ontario Health Insurance Plan, RPDB = Registered Persons Database, STEMI = ST-segment elevation myocardial infarction.
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physician led an adjudication panel; the outcomes were inde-
pendently adjudicated by at least 2 members and disagree-
ments not resolved by consensus were referred to a third
blinded reviewer!® (Appendix 1, available at www.cmajopen.ca
/content/8/4/E676/suppl/DCI).

In cohort 2, adjudication was not performed; rather,
administrative and clinical databases linked at ICES (Toronto)
were used via unique encrypted patient identifiers to obtain
information on medical history and outcomes (all-cause death;
or hospital admission from MI; or unstable angina; or percu-
taneous coronary intervention or coronary artery bypass
grafting).?®?* Briefly, the Ontario Registered Persons
Database contained all information on patient demographic
characteristics and death date. All inpatient hospital dis-
charges and same-day surgeries were captured in the Cana-
dian Institute for Health Information’s Discharge Abstract
Database and Same Day Surgery Database, respectively. The
OHIP database captured all physician billings and outpatient
visits (see Appendix 1 for additional details regarding health
outcomes). Per ICES standard operating procedures, data for
counts or group sizes smaller than 6 in cohort 2 were sup-
pressed for privacy reasons and cannot be reported.?*

Laboratory methods and cut-offs
The hs-cTnl assay selected for measurement in cohort 1 was
from Ortho Clinical Diagnostics. Compared with other com-
panies’ hs-c'T'nl assays, the Ortho hs-cTnl assay generally
yields the lowest ¢Tnl concentrations.'>!* Testing performed
on patient pool plasma material in citrate phosphate dextrose
(stored for quality control purposes) used to validate hs-¢Tnl
assays supports this finding. Published mean concentrations
on this material were as follows: Beckman Access hs-cTnl,
3.4 ng/L; Abbott Architect 1000 hs-cTnl, 5.1 ng/L; Siemens
Advia Centaur hs-cTnl, 5.0 ng/L; and Siemens Dimension
EXL hs-cTnl, 8.6 ng/L;'132627 measurement of this material
by the Ortho Vitros 3600 hs-cTnl assay yielded the lowest
concentration (Ortho hs-cTnl mean 1.1 ng/L)."* The suitabil-
ity of frozen samples (stored below —70°C for over 15 yr) has
also been demonstrated for the Ortho hs-cTnl assay, consis-
tent with other assays.'**®

To further demonstrate differences between the various hs-
¢Tnl assays, 10 different EDTA plasma samples were mea-
sured on the Abbott Architect i1000 (hs-c¢Tnl range
4.7-43 ng/L, with EDTA being the only sample type approved
by the United States Food and Drug Administration for the
Abbott hs-cTnl assay on the Architect analyzer)”” and on the
Siemens Advia Centaur, the Beckman Access and the Ortho
Vitros 3600 analyzers. All 3 hs-cTnl assays yielded lower re-
sults than the Abbott assay in EDTA plasma, with Siemens
reporting on average 26% lower concentrations, Beckman re-
porting on average 30% lower concentrations and Ortho re-
porting on average 65% lower concentrations. The hs-cTnl
assays also differ in the targeted ¢Tnl epitopes, the mode in
which the signal is generated, as well as the number of anti-
bodies used in the respective hs-c'Tn assays. In this regard, the
latest assay approved, the Ortho hs-cTnl assay, uses 3 anti-
bodies, with data indicating less interference with endogenous
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antibodies.!” The specimen types presently listed in package
inserts approved by Health Canada are as follows. For Abbott,
the specimen types are lithium heparin with and without sepa-
rator, K, EDTA, K; EDTA, serum with and without separa-
tor, and serum with thrombin-based clot activator. For Ortho,
the specimen types are serum and plasma (lithium heparin).

In addition to results for conventional cardiac troponin I,
which were reported to the treating ED physician for the
standard of care diagnosis, Abbott hs-cTnl testing was also
performed for cohort 2 but the results remained unreported
(i.e., clinical samples were measured twice: once for the con-
temporary assay, which was reported to clinicians, and once
with the hs-cTnl assay, with results not reported but collected
for study purposes).***

All cardiac troponin testing performed in both cohort 1
and cohort 2 was consistent with laboratory quality recom-
mendations published in 2018." Glucose and creatinine mea-
surements were obtained according to standard acceptable
laboratory methods (Abbott Architect chemistry analyzer),
with the CKD-EPI equation used to derive the estimated glo-
merular filtration rate (¢GFR): eGFR = 141 x min(Scr/x, 1)* x
max(Scr/x, 1)1 x 0.9934¢¢ x 1.018 (if female) x 1.159 (if
Black), where Scr is serum creatinine, K is 0.7 for women and
0.9 for men, o is —0.329 for women and —0.411 for men, min
indicates the minimum of Scr/x or 1, and max indicates the
maximum of Scr/x or 1% (this derivation was done only after
the studies were completed; in other words, the eGFR result
calculated by this equation was not clinically reported during
the enrolment).

The cut-offs selected were a CCS of 1 or above and an hs-
¢Tnl concentration of 5 ng/L or above alone, as both of these
cut-offs have been reported in the literature for ruling out MI,
with 5 ng/L proposed as a common cut-off for hs-cTn
assays.>*1%31 A second cut-off for the Ortho hs-cTnl assay of
1 ng/L or above was also evaluated as this cut-off has recently
been reported for the European Society of Cardiology 0-hour
and 1-hour algorithm.?? Briefly, the CCS calculation includes
glucose, eGFR and hs-cTnl with the cut-offs selected on the
basis of accepted normal levels and low-risk clinical cut points
and has a range of 0-5 points.!? For example, patients with an
eGFR of 90 mL/min per 1.73 m? or above, a glucose concen-
tration less than 5.6 mmol/L and an hs-cTnl concentration less
than 4 ng/L (a normal concentration by all hs-cTnl assays)**
would have a CCS less than 1, and this score would represent
biochemically healthy individuals.!® In contrast, patients who
have a glucose concentration of 5.6 mmol/L or above, an eGFR
less than 90 mL/min per 1.73 m? and an hs-cTnl concentration

above 30 ng/L!*would have a CCS of 5.

Statistical analysis

The diagnostic test parameters (sensitivity, specificity, NPV,
positive predictive value [PPV] and likelihood ratios with 95%
confidence intervals [Cls]) were calculated using a CCS of
1 or above and an hs-cTnl concentration of 5 ng/L or above
(for low risk) and a CCS of 5 and an hs-cTnl concentration
above the 99th percentile upper reference limit (for high risk)
as the cut-offs in both cohorts. Additionally, in cohort 1, a
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cut-off with an hs-cTnl concentration of 1 ng/L was also
evaluated. Common variables between the 2 cohorts were cal-
culated (mean, standard deviation or percentages).

Clinical significance of the hs-cTnl test would be ascer-
tained if the point estimate of the sensitivity was 99% or
higher and the specificity was 90% or higher.”*!%20 As indi-
cated earlier, in cohort 2, data for counts less than 6 were not
reported to protect privacy per ICES protocols.”** Accord-
ingly, if counts less than 6 were obtained at 30 days, an addi-
tional analysis was performed at 90 days to obtain numbers to
calculate the 95% Cls. Statistical analyses were performed
using SAS version 9.1.3 software (SAS Institute Inc.) and
MedCalc version 19.4.0 (MedCalc Software Ltd.) for the sen-
sitivity, specificity, predictive values, likelihood ratios and Cls.

Ethics approval
The studies (cohort 1 and cohort 2 observational studies) were
approved by the Hamilton Integrated Research Ethics Board.

In both cohort 1 (z = 1058) and cohort 2 (n = 5974), the aver-
age age of patients exceeded 65 years (66.5 and 67.7 yr, respec-
tively) with over half of the population being women (52.7%
and 50.6%, respectively) (Table 1). The hs-¢Tnl concentra-
tion at presentation was normal (i.e., below the 99th percentile
cut-off, which is designated as the upper reference limit) in

Table 1: Characteristics of the 2 study cohorts
No. (%) of patients*

Cohort 1 Cohort 2
Characteristic n=1058 n =5974
Age, yr, mean + SD 67 + 17 68 + 17
Female sex 558 (52.7) 3025 (50.6)
Hypertension 744 (70.3) 4045 (67.7)
Diabetes mellitus 312 (29.4) 1961 (32.8)
History of myocardial 378 (35.7) 674 (11.3)
infarction
History of PCI or CABG 236 (22.3) 453 (7.6)
History of peripheral vascular 75 (7.1) 742 (12.4)
disease
Glucose concentration, 74 + 3.6 76+4.4
mmol/L, mean + SD
eGFR, mL/min per 1.73 m?, 72 + 27 69 + 27
mean + SD
hs-cTnl concentration at 842 (79.6) 4698 (78.6)
presentation < 99th
percentile cut-offt
30-day MACE 205 (19.4) 871(14.6)
Note: CABG = coronary artery bypass grafting, eGFR = estimated glomerular
filtration rate, hs-cTNI = high-sensitivity cardiac troponin I, MACE = major adverse
cardiac event, PCI = percutaneous coronary intervention, SD = standard deviation.
*Unless indicated otherwise.
199th percentile upper reference limit is 11 ng/L for Ortho hs-cTnl assay and
26 ng/L for Abbott hs-cTnl assay.
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over three-quarters of the population (79.6% in cohort 1 and
78.6% in cohort 2). The MACE incidence at 30 days was
higher in cohort 1 (19.4%, 95% CI 16.8%-22.2%) than in
cohort 2 (14.6%, 95% CI 13.6%15.6%) (p < 0.01).

In cohort 1, there were 110 patients with a CCS less than 1
(10.4% of the sample); 1 (0.9%) of these patients experienced
a MACE within 30 days (Table 2). Applying a CCS cut-off of
1 or above yielded a sensitivity of 99.5% (95% CI
97.3%-99.9%) and NPV of 99.1% (95% CI 93.9%-99.9%).
In contrast, there were 722 patients with Ortho hs-¢Tnl con-
centrations below 5 ng/L (68.3% of the sample); 53 (7.3%) of
these patients experienced a MACE within 30 days. Applying
an hs-cTnl cut-off of 5 ng/L or above yielded a sensitivity of
74.2% (95% CI 67.6%-80.0%) and NPV of 92.7% (95% CI
90.9%-94.1%). Lowering the Ortho hs-cTnl cut-off to
1 ng/L or above (352 patients with 18 outcomes [5.1%] for
hs-cTnl < 1 ng/L) yielded a sensitivity of 91.2% (95% CI
86.5%-94.7%) and NPV of 94.9% (95% CI 92.2%-96.7%).
The specificity for a CCS of 5 was higher than that for
hs-cT'nl above 11 ng/L (97.8%, 95% CI 96.5%-98.7%
v. 90.1%, 95% CI 87.9%-92.0%).

In cohort 2, there were 399 patients with a CCS less than 1
(6.7% of the sample); fewer than 6 patients had an event at
30 days (exact numbers cannot be reported for privacy reasons
per ICES protocol). The point estimates at 30 days for
sensitivity/ NPV for a CCS cut-off of 1 or above were greater
than 99%. By comparison, there were 103 outcomes in 2374
patients (4.3 %) with Abbott Architect hs-cTnl concentrations
less than 5 ng/L. Applying the hs-cTnl cut-off of 5 ng/L or
above yielded a sensitivity of 88.1% (95% CI 85.8%-90.2%)
and NPV of 95.6% (95% CI 94.7%-96.4%). At 90 days, the
sensitivity of a CCS cut-off above 1 was 99.3% (95% CI
98.6%-99.7 %), whereas with an hs-cTnl cut-off of 5 ng/L or
above the sensitivity was 87.7% (95% CI 85.6%-89.6%). The
specificity was higher for a CCS cut-off of 5 than with an
hs-cTnl cut-off above 26 ng/L (90.0%, 95% CI 89.1%-
90.8% v. 85.5%, 95% CI 84.4-86.4) at 90 days (Table 3).

Patients with a CCS less than 1 for their blood work at ED
presentation have an incidence of MACE at 30 days less than
or equal to 1%, with a CCS cut-off of 1 or above yielding a
sensitivity of at least 99%. Both of these metrics indicate that
ED patients with possible ACS who have a CCS less than 1 are
a low-risk group of patients, which should enable ED phys-
icians to consider discharge and the cessation of additional
investigations in the ED for current and subsequent ACS over
the short term. In contrast, patients with a CCS of 5 represent
a high-risk group with a specificity of at least 90%, and a
higher specificity than using the hs-cTnl 99th percentile cut-
offs, which will aid clinicians in triaging patients in the ED to
receive additional investigations and care.

With the advent of hs-cTn testing, there have been gains
made in the ED for reducing the time between blood draws
for testing when evaluating patients with possible ACS.!3*
Also, with the hs-cTn assays, there is evidence to support use
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Table 2: Performance of the clinical chemistry score versus hs-cTnl concentration (measured
using the Ortho Vitros 3600 hs-cTnl assay) alone for identifying risk for 30-day MACE

Patients with at least
Score cut-off 1 MACE within 30 d

Patients with no
MACE within 30 d

CCS =1, no. of patients
CCS < 1, no. of patients
Sensitivity, % (95% Cl)
Negative predictive value, % (95% CI)
Negative likelihood ratio (95% ClI)
Specificity, % (95% CI)
Positive predictive value, % (95% ClI)
Positive likelihood ratio (95% ClI)
hs-cTnl > 1 ng/L, no. of patients
hs-cTnl < 1 ng/L, no. of patients
Sensitivity, % (95% ClI)
Negative predictive value, % (95% ClI)
Negative likelihood ratio (95% CI)
Specificity, % (95% ClI)
Positive predictive value, % (95% Cl)
Positive likelihood ratio (95% Cl)
hs-cTnl 2 5 ng/L, no. of patients
hs-cTnl < 5 ng/L, no. of patients
Sensitivity, % (95% CI)
Negative predictive value, % (95% CI)
Negative likelihood ratio (95% ClI)
Specificity, % (95% CI)
Positive predictive value, % (95% ClI)
Positive likelihood ratio (95% ClI)
CCS = 5, no. of patients
CCS < 5, no. of patients
Specificity, % (95% Cl)
Positive predictive value, % (95% ClI)
Positive likelihood ratio (95% CI)
Sensitivity, % (95% CI)
Negative predictive value, % (95% ClI)
Negative likelihood ratio (95% ClI)
hs-cTnl > 11 ng/L, no. of patients
hs-cTnl < 11 ng/L, no. of patients
Specificity, % (95% CI)
Positive predictive value, % (95% ClI)
Positive likelihood ratio (95% ClI)
Sensitivity, % (95% CI)
Negative predictive value, % (95% CI)
Negative likelihood ratio (95% ClI)

204
"
99.5 (97.3-99.9)
99.1 (93.9-99.9)
0.04 (0.01-0.27)
12.8 (10.6-15.2)
215 (21.1-21.9)
114 (1.11-1.17)
187
18
91.2 (86.5-94.7)
94.9 (92.2-96.7)
0.22 (0.14-0.35)
39.2 (35.9-42.5)
26.5 (25.2-27.8)
1.50 (1.40-1.61)
152
53
74.2 (67.6-80.0)
92.7 (90.9-94.1)
0.33 (0.26-0.42)
78.5 (75.6-81.2)
45.4 (41.6-49.1)
3.45 (2.97-4.02)
58
147
978 (96.5-98.7)
75.3 (65.0-83.4)
12.7 (7.74-20.8)
28.3 (22.2-34.9)
85.0 (83.9-86.1)
0.73 (0.67-0.80)
132
73
90.1 (87.9-92.0)
61.1 (55.6-66.4)
6.5 (5.2-8.2)
64.4 (57.4-70.9)
91.3 (89.7-92.7)
0.39 (0.33-0.47)

744
109

519
334

183
669

19
834

84
768

Note: CCS = clinical chemistry score, Cl = confidence interval, hs-cTNI = high-sensitivity cardiac troponin |, hs-cTNT =

high-sensitivity cardiac troponin T, MACE = major adverse cardiac event.

*At presentation, this patient had the following values: hs-Tnl < 1 ng/L with the Ortho assay, hs-cTnl < 2 ng/L with the Abbott
assay and hs-cTnT < 3 ng/L with the Roche assay. The patient's 30-day outcome was coronary artery bypass grafting.
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Table 3: Performance of the clinical chemistry score versus hs-cTnl concentration (measured using
the Abbott Architect i2000 hs-cTnl assay) alone for identifying risk for 90-day MACE in cohort 2

Score cut-off

Patients with at least Patients with no
1 MACE within 90 d MACE within 90 d

CCS =1, no. of patients
CCS < 1, no. of patients*
Sensitivity, % (95% Cl)
Negative predictive value, % (95% ClI)
Negative likelihood ratio (95% ClI)
Specificity, % (95% ClI)
Positive predictive value, % (95% ClI)
Positive likelihood ratio (95% ClI)
hs-cTnl = 5 ng/L, no. of patients
hs-cTnl < 5 ng/L, no. of patients
Sensitivity, % (95% ClI)
Negative predictive value, % (95% ClI)
Negative likelihood ratio (95% ClI)
Specificity, % (95% ClI)
Positive predictive value, % (95% Cl)
Positive likelihood ratio (95% Cl)
CCS =5, no. of patients
CCS < 5, no. of patients
Specificity, % (95% Cl)
Positive predictive value, % (95% Cl)
Positive likelihood ratio (95% ClI)
Sensitivity, % (95% ClI)
Negative predictive value, % (95% ClI)
Negative likelihood ratio (95% Cl)
hs-cTnl > 26 ng/L, no. of patients
hs-cTnl <26 ng/L, no. of patients
Specificity, % (95% ClI)
Positive predictive value, % (95% ClI)
Positive likelihood ratio (95% Cl)
Sensitivity, % (95% CI)
Negative predictive value, % (95% ClI)
Negative likelihood ratio (95% ClI)

1092 4483
8 391
99.3 (98.6-99.7)
98.0 (96.1-99.0)
0.09 (0.05-0.18)
8.0 (7.3-8.8)
19.6 (19.4-19.7)
1.08 (1.07-1.09)
965 2635
135 2239
877 (85.6-89.6)
94.3 (93.4-95.1)
0.27 (0.23-0.31)
45.9 (44.5-473)
26.8 (26.1-275)
1.62 (1.57-1.68)
420 488
680 4386
90.0 (89.1-90.8)
46.3 (43.5-49.1)
3.81 (3.41-4.27)
38.2 (35.3-41.1)
86.6 (86.0-87.1)
0.69 (0.66-0.72)

567 709
533 4165

85.5 (84.4-86.4)

44.4 (42.2-46.6)

3.54 (3.24-3.87)
51.6 (48.5-54.5)
88.7 (88.0-89.3)
0.57 (0.53-0.60)

adverse cardiac event.

procedures where counts < 6 are suppressed for privacy reasons.

Note: CCS = clinical chemistry score, Cl = confidence interval, hs-cTnl = high-sensitivity cardiac troponin I, MACE = major

*At 30 d, MACE occurred in < 5 patients with a CCS < 1 and these results cannot be reported per ICES standard operating

of a low hs-c¢Tn concentration to rule out MI at ED presenta-
tion.""* However, there are important caveats to using a low
hs-c¢Tnl concentration alone for decision-making in the ED:
patients who present early after pain onset may be misdiag-
nosed; ruling out MI is not equivalent to clearing a patient
for discharge as patients may still be at risk for ischemic
events; and analytical imprecision at the low end for hs-cTn
assays may result in patient misclassification.**>*¢ Moreover,
in an attempt to simplify interpretation of a low hs-cTn
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concentration, some have advocated for and studies have
assessed a single cut-off of less than 5 ng/L.>*631

"This approach may be suitable for hs-cTnl assays if there is
close agreement with the Abbott hs-c'Tnl assay at this cut-off, as
this assay has been assessed in large multicentre studies assessing
MI*# However, our findings indicate that the 5 ng/L cut-off
alone at presentation for the Ortho hs-cTnl assay would be
unsafe, with over 7% of patients with hs-¢cTnl concentrations
less than 5 ng/L having MACE with a sensitivity below 75% at



this cut-off. Lowering the hs-cTnl threshold to 1 ng/L as used
in the 0-hour and 1-hour algorithm with the Ortho hs-cTnl
assay yields sensitivity (91%) close to that of the Abbott hs-cTnl
assay when using the 5 ng/L cut-off (88%). Importantly, both
estimates by these different hs-c'Tnl assays would be too low to
exclude MACE. Only the CCS cut-off of 1 or above with both
assays in 2 different populations obtained the required sensitivity
(=99%) to rule out MACE at 30 days.

Future studies will need to assess performance of the CCS
with different blood sample types and to determine whether dif-
ferent combinations of point-of-care testing with the core
chemistry analyzers can achieve acceptable clinical performance.

Limitations

As with any observational study, there are limitations.
Because ED physicians were not exposed to the hs-c¢Tnl
results or the CCS, the impact on patient care of applying
either the hs-cTnl cut-off of 5 ng/L or above or the CCS
cut-off of 1 or above cannot be assessed. The 2 cohorts in
this study shared a common variable in that both consisted
of patients treated at the same hospitals in Hamilton
(although over different time periods); as such, the impact
of different geographic locations on the CCS cannot be
assessed. However, previous studies across different coun-
tries and across different provinces in Canada have demon-
strated close agreement of the CCS in different geographic
locations and using different hs-cTn assays.!¥’

As the Ortho Vitros 3600 hs-cTnl assay was done using
samples collected in 2013, there might have been some degra-
dation in analyte; since it is the latest hs-c¢Tnl assay approved
by Health Canada, real-world analytic precision data for this
assay are not available. However, there are data to support the
long-term stability of the cardiac troponin I analyte as mea-
sured by the Ortho Vitros 3600 hs-cTnl assay in samples
stored frozen for over 15 years,”® with the assay achieving a
precision of 10% or less at normal concentrations and thus
fulfilling the analytic requirements for an hs-cTnl assay.!*!5

The 2 cohorts had outcomes assessed differently (i.e., adju-
dication v. databases) and different lengths of follow-up
(although the 30-d outcomes obtained for both cohorts are of
importance to ED physicians),” which prevents us from com-
bining these findings. Differences in outcome classifications
between the 2 cohorts are an important limitation; however,
administrative databases, as used in cohort 2, can be a robust
source.”® Finally, additional approaches, such as serial testing
with hs-cTn, may further identify patients at low risk and
suitable for discharge; however, ED patients with a CCS less
than 1 at presentation have a lower mortality incidence at
1 year than ED patients with an hs-cTnl concentration less
than 5 ng/L at presentation (2% v. 5%, respectively).?

Conclusion

A CCS less than 1 and 5 with 2 different hs-cTnl assays identi-
fied patients at low and high risk for MACE at 30 days, respec-
tively; this performance cannot be achieved when using hs-
¢Tnl testing alone. An intervention study is needed to evaluate
the impact of the CCS at both the patient and hospital levels.
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