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Diagnostic Reclassification by a High-Sensitivity Cardiac
Troponin Assay

Bryn E. Mumma, MD, MAS?, Scott D. Casey, MD, MS?, Robert K. Dang, BS?, Michelle K.
Polen?, Jasmanpreet C. Kaur, BS1, John Rodrigo, MD2, Daniel J. Tancredi, PhD3, Robert A.
Narverud, MD1, Ezra A. Amsterdam, MD#, Nam Tran, PhD?

1Department of Emergency Medicine, University of California, Davis
?Department of Pathology and Laboratory Medicine, University of California, Davis
3Department of Pediatrics, University of California, Davis

4Division of Cardiovascular Medicine, Department of Internal Medicine, University of California,
Davis

Abstract

Objective: Our objective was to describe the rates of diagnostic reclassification between
conventional cardiac troponin | (cTnl) and high-sensitivity cardiac troponin T (hs-cTnT) and
between combined and sex-specific hs-cTnT thresholds in adult emergency department (ED)
patients in the United States.

Methods: We conducted a prospective, single-center, before-and-after, observational study of ED
patients =18 years undergoing single or serial cTn testing in the ED for any reason before and after
hs-cTnT implementation. Conventional cTnl and hs-cTnT results were obtained from a laboratory
quality assurance database. Combined and sex-specific thresholds were the published 99t
percentile upper reference limits for each assay. Cases underwent physician adjudication using the
Fourth Universal Definition of Myocardial Infarction (MI). Diagnostic reclassification occurred
when a patient received a diagnosis of MI or myocardial injury using one assay but not the other
assay. Our primary outcome was diagnostic reclassification between the conventional cTnl and hs-
cTnT assays. Diagnostic reclassification probabilities were assessed using sample proportions and
95% confidence intervals for binomial data.

Results: We studied 1,016 patients [506 (50%) male; median age 60 years (25!, 75t percentiles:
49, 71)]. Between the conventional cTnl and hs-cTnT assays, six patients (0.6%, 95% CI 0.2—
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1.3%) underwent diagnostic reclassification with regard to M1 (5/6 reclassified as no Ml) and 166
patients (16%, 95% CI 14-19%) underwent diagnostic reclassification with regard to myocardial
injury (154/166 reclassified as having myocardial injury) by hs-cTnT.

Conclusions: Compared to conventional cTnl, the hs-cTnT assay resulted in no clinically
relevant change in MI diagnoses but substantially more myocardial injury diagnoses.

INTRODUCTION

Background

Importance:

Cardiac troponin (cTn) testing is performed in nearly one in five emergency department
(ED) visits in the United States (US).1 ¢Tn is a protein integral to cardiac muscle contraction
and is the preferred biomarker for the diagnosis of myocardial infarction (MI).2 Commercial
assays detect two cTn subtypes, cTnl and cTnT. The latest generation of cTn assays, known
as high-sensitivity (hs) cTn assays, detect rises in cTn earlier than conventional cTn assays
and may expedite the diagnosis and exclusion of MI.3-6 By definition, hs-cTn assays
measure cTn levels within the normal range in at least 50% of healthy individuals with high
precision, defined as a coefficient of variance (CV) <10% at the 99t percentile. These
characteristics allow hs-cTn assays to reliably detect clinically significant changes at lower
cTn levels in shorter time intervals than conventional cTn assays.’8 Hs-cTn assays are also
the first cTn assays approved for use with both combined and sex-specific thresholds.8
Although widely used internationally for nearly a decade, the first hs-cTn assay was
approved for use in the US in January 2017 and was introduced clinically later that year.

As US hospitals introduce hs-cTn assays, concerns have been raised that M1 will be over-
diagnosed and elevated troponin results will lead to unnecessary admissions for cardiac
testing.910 Available data suggest that hs-cTn assays will result in 4% to 28% more elevated
cTn results than conventional cTn assays.1~13 However, the conclusions drawn from these
studies are limited by small sample sizes, restricted patient populations, non-US populations
and use of biomarkers other than hs-cTnT.11-13

Compared to men, women with M1 and myocardial injury experience longer delays to
diagnosis, receive less aggressive care, and have worse outcomes.24-20 Hs-cTnT assays
employing sex-specific diagnostic thresholds may improve diagnostic sensitivity for MI and
myocardial injury in female patients. However, the clinical benefit of sex-specific diagnostic
thresholds remains unproven with recent reports finding no long-term survival benefit
despite increased MI and injury diagnoses in women,18.19.21-24

Goals of This Investigation:

Little is known about how hs-cTnT compares to conventional assays in an intended-use US
population, particularly with regard to changes in the rates of MI diagnoses and elevated cTn
results. Our objective in this study was to describe the rates of diagnostic and specimen
reclassification between conventional cTnl and hs-cTnT and between combined and sex-
specific hs-cTnT thresholds in adult ED patients. We also sought to describe admission rates
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and 30-day cardiac stress testing and catheterization rates when conventional cTnl and hs-
cTnT were used clinically.

METHODS
Study Design and Setting:

We conducted a prospective, observational, before-and-after cohort study in a single, urban,
academic, tertiary medical center with approximately 65,000 adult ED visits annually.
Trained research coordinators screened and enrolled ED patients during two periods: the
“before” period from 3/12/18 to 6/15/18 while conventional cTnl (Tnl-Ultra, Siemens,
Malvern, PA) was used clinically and the “after” period from 8/20/18 to 1/3/19 while hs-
cTnT (Gen 5 TnT, Roche Diagnostics, Indianapolis, IN) was used clinically. Hs-cTnT was
implemented on 6/18/18 with a suggested algorithm for hs-cTnT testing and interpretation in
patients with suspected non-ST segment elevation M1 (NSTEMI) that was developed by a
multidisciplinary work group and closely based on European Society of Cardiology
guidelines?® (Appendix). Physicians were educated on hs-cTnT and the associated algorithm
prior to implementation. Our institution did not have a similar algorithm for conventional
cTnl. Orders available in the electronic medical record (EMR) for conventional cTnl testing
included a single cTn and serial cTn testing at 0 and 3 hour time points; for hs-cTnT,
available orders included a single hs-cTnT and serial hs-cTnT testing at 0, 1, and 3 hour time
points. This study, including the use of the laboratory’s quality assurance database described
below, was approved by our Institutional Review Board.

The Department of Pathology and Laboratory Medicine maintains a biorepository that
archives remnant plasma samples from cTn tests ordered for routine care. During the study
period, the laboratory was conducting cTn testing using both conventional cTnl and hs-cTnT
assays on these samples as part of their method verification and ongoing quality assurance
initiatives. The 99th percentile upper reference limit threshold where imprecision was <10%
CV for the conventional cTnl assay was 40 ng/L.28 The combined 99t percentile upper
reference limit threshold exhibiting imprecision of <10% CV for the hs-TnT assay was 19
ng/L; the sex-specific thresholds were 14 ng/L for females and 22 ng/L for males.2” These
are the thresholds approved by the US Food and Drug Administration for clinical use of this
assay in the US.27-28 Qur laboratory reports values in ng/L in accordance with Fourth
Universal Definition of MI recommendations.?

Selection of Participants:

We enrolled a convenience sample of adults (age = 18 years) who underwent single or serial
cTn testing in the ED for any reason during the before and after study periods. The decision
to perform single versus serial troponin testing as well as the frequency of serial testing was
at the discretion of the treating physician. We did not restrict our sample to patients with
chest pain to reflect the population in whom c¢Tn testing is used in clinical practice.
Similarly, we did not restrict our sample to patients undergoing serial cTn measurements to
reflect real-world clinical practice regarding cTn testing. Patients were excluded if they were
not included in the laboratory quality assurance database due to having no remnant
specimen. We also excluded children, prisoners, adults unable to consent, and patients with
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ST segment elevation on initial electrocardiogram (ECG) undergoing emergent cardiac
catheterization. We used historical day-and-time data on when patients who undergo cTn
testing arrive in the ED to establish quotas for 24/7 enrollment. Research assistants enrolled
patients to meet each quota, yielding a quota sample of patients whose ED arrival time
distribution was representative of ED patients undergoing standard of care cTn testing at our
institution.

Measurements:

Trained research assistants blinded to the study’s objectives screened and enrolled patients
during their ED visit and prospectively recorded treating physician rationale for cTn testing.
Troponin results and collection times were exported from the EMR and laboratory
biorepository. For patients undergoing serial cTn testing, all available cTn results were
exported. Trained research assistants blinded to the study’s objectives abstracted the
following data from the EMR: clinical presentation, past medical history, ECG findings,
laboratory results including baseline cTn values, diagnostic testing, and cardiac
interventions. They used a uniform data dictionary and standardized electronic data
collection forms. In-person and online meetings were held to ensure uniform handling of
missing and ambiguous data. Follow-up was obtained at 30 days. Trained research assistants
attempted to contact all patients directly via phone, email, and/or text message. Additionally,
EMR review was performed for all patients. The study site and other regional health systems
participate in an integrated electronic exchange that allows clinical documentation from
other regional hospitals to be integrated into the EMR. This exchange includes ED visits and
hospitalizations at most of the hospitals in the surrounding area and allows for follow up
data on patients who are unable to be contacted directly. Data collected included cardiac
testing, cardiac revascularization, Ml, return ED visits, re-hospitalizations, and death. Study
data were collected and managed using the Research Electronic Data Capture (REDCap)
tool hosted at our institution,29:30

All cases with any cTn result above the 99t percentile threshold were reviewed by an
attending ED physician and an attending internist who directs the ED Chest Pain Evaluation
Unit. The reviewers integrated clinical, diagnostic, and 30-day follow up information to
assign a diagnosis of MI, myocardial injury, or neither (Figure 1). When a patient’s baseline
cTn values were available, these were provided to reviewers. Thus, reviewers were able to
use both absolute and delta cTn values to assess for M1 and injury in patients with baseline
or serial cTn measurements. Thirty-day follow up information available to reviewers
included cardiac tests and procedures; return visits to the ED or clinic; hospitalizations; and
death. M1 diagnoses were further classified as type 1 vs type 2 NSTEMI.2 Disagreement
between the two reviewers was adjudicated by an attending cardiologist. Cases were
reviewed and adjudicated in three phases separated by at least two weeks: conventional cTnl
values, hs-cTnT values with combined thresholds, and hs-cTnT values with sex-specific
thresholds. Reviewers were provided with the published 99t percentile upper reference limit
thresholds for each assay. MI and myocardial injury were defined according to the Fourth
Universal Definition of MI.2 Briefly, a diagnosis of M1 requires a rise and/or fall in cTn with
at least one cTn value above the 99t percentile threshold and clinical signs or symptoms of
ischemia. Myocardial injury is diagnosed when the cTn value is above the 99t percentile
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threshold but the patient lacks clinical signs or symptoms of ischemia (Figure 1). A 20%
change was suggested but not mandated as the threshold for defining a rise or fall in ¢Tn.3!
The institutional algorithm for cTn testing and interpretation in patients with suspected
NSTEMI (Appendix) was also available to reviewers, and they were experienced with its use
in the clinical setting. Patients with a clinically significant rise and/or fall in serial troponin
results from one assay with insufficient remnant specimen to obtain serial troponin results
from the other assay were excluded from the analysis. These patients could not be diagnosed
with respect to the assay type lacking serial results. Patients with a single elevated troponin
and insufficient clinical data to be diagnosed were also excluded.

The same review and adjudication process and definitions were used to determine 30-day
outcomes of (1) STEMI or type 1 NSTEMI and (2) cardiac death. Cardiac death included
those from acute M, sudden cardiac death, heart failure, and cardiovascular procedures.32
Death from stroke was not considered a cardiac death. Deaths were adjudicated to be
cardiac, non-cardiac, or undetermined.32

Diagnostic reclassification was defined as a change in diagnosis (MI, myocardial injury or
neither) between the assays (conventional cTnl vs. hs-cTnT) or thresholds utilized
(combined vs. sex-specific) during adjudication. Specimen reclassification was defined as a
specimen being above the 99t percentile threshold using one assay or threshold and below
the 99™ percentile threshold using the alternate assay or threshold.

Our primary outcome was diagnostic reclassification between the conventional cTnl and hs-
cTnT assays using combined thresholds. Secondary outcomes were diagnostic
reclassification between combined and sex-specific hs-cTnT thresholds; specimen
reclassification between conventional cTnl and hs-cTnT assays; specimen reclassification
between combined and sex-specific hs-cTnT thresholds; admission rates between the before
and after periods; and cardiac stress testing or cardiac catheterization within 30 days
between the before and after periods. Specimen reclassification was analyzed at the patient
level, such that a patient who had =1 reclassified specimen(s) was considered to have
undergone specimen reclassification. Admission was defined as admission from the ED to
full inpatient or observation status.

Diagnostic and specimen reclassification probabilities as well as admission and cardiac
stress testing or catheterization were assessed using sample proportions and 95% confidence
intervals (Cls) for binomial data. Sub-group analyses restricted to patients with serial
troponin testing and patients with chronic kidney disease (CKD) on dialysis were also
conducted. For the subset of patients classified as having no MI or myocardial injury
according to conventional cTnl, a binary dependent variable based on the hs-cTnT assay
(coded 0 for “no MI or myocardial injury” and 1 for “either MI or myocardial injury’) was
analyzed via multiple logistic regression to assess adjusted associations of predictor
variables with reclassification to MI or myocardial injury based on hs-cTnT. Similar
multiple logistic regression models were fitted to assess the adjusted association of period
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(before vs. after) with the secondary outcomes of admission and cardiac stress testing or
catheterization. Predictor variables for these models were selected a priori and included age,
sex, history of coronary artery disease, history of diabetes, history of CKD on dialysis, and
history of heart failure. Model outputs were expressed as odds ratios (ORs) with 95%
confidence intervals (Cl). Analyses were conducted using Stata 14 (StataCorp LP, College
Station, TX).

Characteristics of Study Subjects:

We studied 1,016 patients after excluding 60 patients who were not in the in the laboratory
quality assurance database; three patients with a clinically significant rise and/or fall in serial
troponin results from one assay who had insufficient remnant specimen to obtain serial
troponin results from the other assay; and one patient who left “against medical advice” after
a single elevated troponin (Figure 2). Half of the study participants were male (50%,
506/1,016) and median age was 60 years (25!, 751 percentiles 49, 71). Just over half
(545/1,016; 54%) of patients underwent serial cTn testing as part of their clinical care, and
half of patients (50%, 508/1,016) received clinical care with hs-cTnT. The most common
reason for cTn testing was suspected acute coronary syndrome (ACS; 75%, 758/1,016).
(Table 1) In comparison, the population of all adult ED patients (n=10,103; Figure 2)
undergoing cTn testing during the overall study period was 50% male (5,069/10,103) with
median age 60 years (251", 75! percentiles 48, 72). The distributions of conventional cTnl
and hs-cTnT values on the initial and serial measurements are shown in Figure 3.

30 Day Follow Up:

At 30-day follow up, 877/1,016 (86%) of patients were reached directly via phone, text
message, or email. The remaining 139 (14%) patients underwent EMR review only; 27
(2.7%) had no information in EMR to determine vital status at 30 days. No (0/1,016; 0%)
patients had a STEMI or type 1 NSTEMI between their index encounter and 30-day follow
up. Sixteen (16/1,016; 1.6%) patients died between their index encounter and 30-day follow
up; 15 (15/1,016; 1.5%) had non-cardiac death, and one (1/1,016; 0.1%) had cardiac death.
The latter patient was admitted during the index encounter for type 1 NSTEMI in the setting
of heart failure and CKD on hemodialysis. The patient was found to have multivessel
coronary artery disease on angiography, declined coronary artery bypass graft surgery, and
was placed on hospice care. Stress testing, cardiac catheterization, and revascularization
within 30 days are shown in Table 1.

Main Results:

Diagnostic Reclassification Between Conventional cTnl and hs-cTnT—Between
the conventional cTnl and hs-cTnT assays with combined thresholds, the diagnostic
reclassification rate was 0.6% (6/1,016; 95% CI 0.2-1.3%) with regard to M1 and 16%
(166/1,016; 95% CI 14-19%) with regard to myocardial injury (Tables 2-3, Figure 4). Using
hs-cTnT results, five patients (0.5%, 95% CI 0.2-1.1%) diagnosed with MI — one with type
1 NSTEMI and four with type 2 NSTEMI - using the cTnl assay were reclassified as not
having had an MI by the hs-cTnT assay. Overall, these patients had modestly elevated
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conventional cTnl values with a rise and/or fall pattern; and normal to slightly elevated but
flat hs-cTnT values. The single patient with a type 1 NSTEMI was referred from his primary
care physician for an episode of chest pressure that occurred two days prior. His
conventional cTnl was modestly elevated, and his hs-cTnT was normal. He underwent
cardiac catheterization with percutaneous coronary intervention. One patient (0.1%, 95% CI
0.0-0.5%) who did not receive the diagnosis of MI using the cTnl assay was reclassified as
having Ml (type 1 NSTEMI) using the hs-cTnT assay. In this patient, serial cTnl results
were normal and flat, whereas hs-cTnT values were modestly elevated and fell
approximately 20% over nearly 6 hours.

Using hs-cTnT results, 154 (15%, 95% CI 13-18%) patients were reclassified as having
myocardial injury; two (0.2%, 95% CI 0.02-0.7%) had an MI diagnosis using conventional
cTnl, and 152 (15%, 95% CI 13-17%) had no MI or myocardial injury using conventional
cTnl. Twelve (1.2%, 95% CI 0.6-2.1%) patients with myocardial injury using conventional
cTnl were reclassified by hs-cTnT as having no Ml or injury (Table 2).

Diagnostic Reclassification Between Combined and Sex-Specific Thresholds
—Between combined and sex-specific hs-cTnT thresholds, the diagnostic reclassification
rate was 0.0% (0/1,016; 95% CI 0-0.4%) with regard to Ml and 3.7% (38/1,016; 95% ClI
2.7-5.1%) with regard to myocardial injury. Sex-specific 99t percentile thresholds
reclassified 13 men (13/506; 2.6%%, 95% CI 1.4-4.4%) as having no myocardial injury and
reclassified 25 women (25/510; 4.9%, 95% CI 3.1-7.2%) as having myocardial injury (Table
2).

Specimen Reclassification—Between the conventional cTnl and hs-cTnT assays with
combined thresholds, 226 (22%, 95% CI 20-25%) patients had at least one specimen that
was reclassified. In most patients, specimen reclassification (206/226; 91%, 95% CI 87—
95%) occurred with a hs-cTnT value above the 99™ percentile threshold and a cTnl value
below the 99t percentile threshold. Of the six patients who experienced diagnostic
reclassification with regard to Ml, half (3/6; 50%) also had specimen reclassification (Table
3). Between combined and sex-specific hs-cTnT thresholds, 44 men (44/506; 8.7%, 95% ClI
6.4-11%) and 53 (53/510; 10%, 95% CI 7.9-13%) women had at least one specimen that
was reclassified.

Subgroup Analyses—In the subgroup of 545 patients with serial cTn testing, the
reclassification rate with regard to Ml diagnosis was 0.9% (5/545; 95% CI 0.3-2.1%) and
with regard to myocardial injury was 21% (117/545; 95% CI 18-25%). The one patient
(1/471; 0.2%, 95% CI 0.01-1.2%) with a single troponin who was reclassified with regard to
MI between the assays was referred by his primary care physician to the ED for typical chest
pain with a modified HEART score of six. He had a single cTn that was modestly elevated
on the conventional cTnl assay and normal on the hs-cTnT assay prior to undergoing cardiac
catheterization and percutaneous coronary intervention. In the subgroup of 85 patients with
CKD on dialysis, 34 patients (40%, 95% CI 26-51%) were reclassified by hs-cTnT as
having myocardial injury. Using hs-cTnT, 95% (81/85, 95% CI 88-99%) of patients with
CKD on dialysis were diagnosed with MI or myocardial injury.
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Multiple Regression Model for Reclassification—For the multiple logistic regression
analysis concerned with reclassification to M1 or myocardial injury based on hs-cTnT
among those patients with no MI or myocardial injury based on conventional cTnl, older age
(OR 1.4 per 10 years, 95% CI 1.2-1.7), male sex (OR 2.7, 95% CI 1.8-4.2), history of CKD
on dialysis (OR 72, 95% CI 23-225), history of heart failure (OR 3.4, 95% CI 2.1-5.5), and
history of diabetes (OR 2.8, 95% CI 1.8-4.4) were predictors of reclassification. Personal
history of coronary artery disease was not associated with reclassification.

Temporal Patterns in Troponin—Among the 27 patients diagnosed with acute MI using
both the conventional cTnl and hs-cTnT assays (Figure 4), both assays followed similar
temporal patterns. In the majority of patients (20/27; 74%), the initial cTn result was
elevated on both assays; in five patients (5/27; 19%), it was below the 99t percentile
threshold on both assays; in one patient (1/27; 4%), only the initial conventional cTnl result
was elevated; and in one patient (1/27, 4%), only the initial hs-cTnT result was elevated. All
serial conventional cTnl results were elevated; one patient had a 2" hs-cTnT result that was
below the 99t percentile threshold but increased by 10 ng/L from the initial draw and would
have been classified as “likely NSTEMI” using our institutional algorithm (Appendix) and
European Society of Cardiology guidelines.?> Of the nine (9/27; 33%) patients with chest
pain or equivalent symptoms for <3 hours prior to presentation, two (2/9; 22%) had initial
results below the 99t percentile threshold using both the conventional cTnl and hs-cTnT
assays.

Admission—During the before period, 51% (259/508; 95% CI 47-55%) of patients were
admitted; during the after period, 57% (288/508; 95% CI 52—-61%) were admitted. In
multiple regression models, period was not independently associated with admission (OR
1.1, 95% CI 0.9-1.5). Among patients with an adjudicated diagnosis of myocardial injury
using conventional cTnl in the before period, 83% (57/68; 95% CI 73-92%) were admitted.
Among patients with an adjudicated diagnosis of myocardial injury using hs-cTnT in the
after period, 81% (121/149; 95% CI 74-87%) were admitted.

Cardiac Stress Testing and Catheterization—During the before and after periods, 60
patients (60/508; 12%, 95% CI 9-15%) and 65 patients (65/508; 13%, 95% CI 10-16%),
respectively, underwent cardiac stress testing or catheterization within 30 days. In multiple
regression models, period was not associated with cardiac stress testing or catheterization
within 30 days (OR 1.1, 95% CI 0.7-1.5). Among patients in whom cTn was ordered due to
suspicion for ACS, 55 (55/379; 15%, 95% CI 11-18%) in the before and 56 (56/379; 15%,
95% CI 11-19%) in the after period underwent cardiac stress testing or catheterization
within 30 days. Among patients in whom cTn was not ordered to evaluate for ACS, five
(5/129; 4%, 95% CI 1-9%) in the before and nine (9/129; 7%, 95% CI 3-13%) in the after
periods, respectively, underwent cardiac stress testing or catheterization within 30 days.
Among patients with myocardial injury using cTnl in the before period, 10% (7/68; 95% CI
4-20%) underwent cardiac stress testing or catheterization within 30 days. Among patients
with myocardial injury using hs-cTnT in the after period, 9% (14/149; 95% CI 5-15%)
underwent cardiac stress testing or catheterization within 30 days.
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LIMITATIONS

We enrolled patients undergoing single or serial ¢Tn testing for any reason with any
comorbidities arriving 24/7 to the ED to represent the overall patient population undergoing
cTn testing in the ED. However, this was a single-center study, and our results may not be
generalizable to other patient populations or physician practice patterns. Our study depended
on patients having remnant samples in the laboratory biobank. Three patients with a
clinically significant rise and/or fall in serial troponin results from one assay who had
insufficient remnant specimen to obtain serial troponin results from the other assay were
excluded from the analysis. While we evaluated predictors of myocardial injury
reclassification, we were unable to evaluate predictors of Ml reclassification due to the rarity
of this outcome. However, this study is among the earliest to assess the particular issue of
comparative diagnostic utility of conventional cTn and hs-cTn in the US and provides an
important perspective on the value and limitations of the latter marker.

DISCUSSION

Our results suggest that hospitals transitioning to a hs-cTnT assay should expect more
elevated cTn results and myocardial injury diagnoses without a substantial change in Ml
diagnoses, admissions, cardiac stress testing, or cardiac catheterization. Hs-cTn assays have
been used outside of the US for nearly a decade.2> Despite concerns about MI over-
diagnosis,®10 our results align with several European studies that fail to demonstrate over-
diagnosis of MI using hs-cTn.5:33:34 Our trained reviewers followed the Fourth Universal
Definition of M1, and the increase in the number of patients with elevated cTn results using
hs-cTnT creates the potential for an increase in Ml diagnoses if clinicians do not strictly
adhere to this definition. Clinicians must consider not only whether hs-cTnT is elevated, but
also whether the elevation has a rise and/or fall pattern and whether the patient has signs or
symptoms of ischemia, before making a diagnosis of MI.2 Future studies should evaluate
rates of clinically diagnosed MI when hs-cTnT is used in practice. Importantly, our results
suggest that conventional cTn assays are not “missing” MIs when used appropriately.

Sex-specific thresholds for hs-cTnT affected only myocardial injury diagnoses, not Ml
diagnoses. Given that sex-specific thresholds are only a few ng/L higher (men) or lower
(women) than the combined threshold, it is not surprising that changes within the
discriminatory zone between the combined and sex-specific thresholds had a small effect on
the overall hs-cTnT rise and/or fall pattern and thus did not change M1 diagnoses. The
primary effect of sex-specific thresholds is an increase in myocardial injury diagnoses in
women, the clinical significance of which is unclear.3:22:3536 Hospitals implementing hs-
cTn must weigh these potential clinical benefits against the complexity created by sex-
specific thresholds and protocols in their specific population.

The High-Sensitivity Troponin in the Evaluation of patients with suspected Acute Coronary
Syndrome (High-STEACS) trial recently demonstrated an hs-cTnl assay to be associated
with increased diagnosis of both myocardial injury and M1.12 Overall, our study had higher
rates of specimen reclassification and myocardial injury reclassification; and a lower rate of
MI reclassification.
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Our results may differ from those of High-STEACS because we enrolled all patients
undergoing cTn testing, including those with CKD on dialysis and those whose cTn test was
ordered for a reason other than suspected ACS, and we used the Fourth Universal Definition
of MI for adjudication of diagnoses. Baseline ACS risk between the US and European ED
populations and differences between the hs-cTnl and hs-cTnT assays may also contribute to
the increased MI diagnosis in the HI-STEACS study.

The proportion of patients with specimen reclassification in our study is consistent with
previous reports of specimen reclassification using hs-cTnT.11-13 Nearly one in five patients
had at least one reclassified specimen with most specimen reclassification due to an elevated
hs-cTnT and normal conventional cTnl. Several factors likely contribute to the observed
specimen reclassification rates. First, patients presenting early to the ED with chest pain (or
equivalent symptoms) for less than three hours may have elevated hs-cTnT assay results but
normal conventional cTn levels.3738 Second, our study population included patients with
various stages of CKD. CKD is associated with persistently elevated cTn levels, with cTnT
elevations occurring more frequently than cTnl elvations.3 Thus, some of our observed
reclassification may have been due to a difference in cTn subtype measured (cTnl vs. cTnT)
rather than a difference in assay (conventional vs. high-sensitivity assay). The reasons for
cTn elevation in CKD are likely multifactorial, and choice of hemodialysis membrane
having been shown to affects post-dialysis concentrations of cTn.4041 Importantly, elevated
hs-cTnT in patients with CKD on hemodialysis is associated with increased mortality and
cardiovascular events.#243 Third, inter-assay differences in the coefficient of variance
around the 99! percentile may contribute.4 Fourth, false negative hs-cTnT values due to
hemolysis and biotin supplement use have been reported.*® Finally, our comparison of cTnl
to cTnT may have affected reclassification in both directions. Cardiac Tnl and cTnT exist in
multiple fragments, form distinct protein-protein complexes and undergo different post-
translational modifications within the cardiac myocyte that may complicate inter-assay
reproducibility.

Hospitals transitioning to hs-cTn assays should prepare for more elevated cTn results above
the 99t percentile threshold, regardless of whether combined or sex-specific thresholds are
selected. Laboratory personnel and clinicians should agree on the degree of hs-cTn elevation
that will trigger clinician notification in order to optimize clinical and laboratory workflows.
Clinicians should be educated on the interpretation of elevated hs-cTn results, and guidelines
for the interpretation of elevated hs-cTn results?>46 should be agreed upon by the clinical
departments involved in the care of these patients. The higher rates of myocardial injury
seen with hs-cTn may create challenges for clinicians, as myocardial injury was only
recently differentiated from M1 in the Fourth Universal Definition of MI and no evidence-
based guidelines exist for the management of patients with myocardial injury.2 Any
evaluation of myocardial injury will likely be based on the patient’s history, risk factors, and
presentation. In our study, similar proportions of patients with myocardial injury were
admitted during the before (conventional cTnl) and after (hs-cTnT) periods, suggesting that
ED physicians are comfortable discharging selected patients with myocardial injury for
outpatient follow up. Given the strong association between elevated hs-cTn and both future
cardiovascular events and all-cause mortality, 1247 elevated hs-cTn results have prognostic
implications for patients even if they do not change immediate ED management.
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Notably, nearly half of patients in our study received a single cTh measurement during their
clinical care. While this practice strays from the intended use for both conventional cTnl and
hs-cTnT assays,26:27 it occurs frequently in clinical practice. Some of patients in the after
period may have received a single cTn test because their initial hs-cTnT result <6 ng/L and
symptom duration of at least three hours placed them in the “ruled out” for acute Ml
category in our institutional algorithm (Appendix). However, no algorithm for ruling out
acute MI with a single conventional cTnl existed at our institution or in professional society
guidelines, suggesting that other factors influenced the decision to perform single versus
serial cTn testing. Physicians likely performed serial cTn measurements in patients they
assessed to be at higher risk for NSTEMI, as suggested by baseline differences in the two
groups in Table 1. Patients with a single cTn may have had an alternate etiology for their
symptoms identified prior to the second cTn, such that the physician felt a second cTn was
not indicated. Another possibility is that the patient had a long duration of symptoms and a
single cTn measurement at their baseline. As the precision of hs-cTn assays allows them to
detect changes at lower cTn levels than conventional cTn assays,’ 8 the possibility of rapidly
excluding acute MI by comparing a single hs-cTn measurement to baseline values in
selected patients warrants further study.

In our study, transition to hs-cTnT was not associated with changes in admission during
index visit or cardiac stress testing or catheterization within 30 days. While concerns have
been raised that hs-cTn implementation in the US will lead to increased admissions and
cardiac evaluations,*®-51 our data align with international and early US data showing no
change in admissions or cardiac evaluations in the period shortly after hs-cTnT
implementation.>3452-54 The overall low rate of cardiac stress testing and catheterization in
our study suggests that physicians are not reflexively performing these tests and procedures
for all patients with suspected ACS or all patients with myocardial injury. The prognostic
ability of a hs-cTnT result below the limit of quantification (<6 ng/L in the US) combined
with a non-ischemic electrocardiogram to indicate low probability of 30-day Ml or death
may reduce cardiac stress testing for further risk stratification in patients meeting these
criteria.>® A decline in testing in this group may offset any increase in testing driven by an
increase myocardial injury diagnoses. Future studies should evaluate these metrics over a
longer time frame post-implementation to determine whether the declines in admissions and
cardiac stress testing seen in European populations are realized in the US.5:3454

In summary, compared to conventional cTnl, hs-cTnT resulted in few cases of Ml
reclassification but substantially more patients with elevated cTn results and myocardial
injury diagnoses. Introducing hs-cTnT has potentially important implications on patient care
and clinical workflows that warrant investigation.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Classification of patients with regard to myocardial infarction and injury.
URL = Upper reference limit
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Figure 2.
Derivation of study population

ED = Emergency department; QA = Quality assurance; cTn = Cardiac troponin *Value

calculated from known data.
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Figure 3.
Distribution of conventional cTnl and hs-cTnT values.

Legend. Dotted lines represent the limit of quantification (17 ng/L) and 99" percentile upper
reference limit (40 ng/L) for the conventional cTnl assay. Dashed lines represent the limit of
quantification (6 ng/L) and 99t percentile combined upper reference limit (19 ng/L) for the
hs-cTnT assay. All values are log transformed.
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NN 222
R HN

| I |
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X

Conventional ¢Tnl Diagnosis

Figure 4.
Diagnoses of acute myocardial infarction (AMI) and myocardial injury using conventional

¢Tnl and high-sensitivity cTnT
cTnl = Cardiac troponin I; cTnT = Cardiac troponin T; MI = Myocardial infarction
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Table 3.

Myocardial infarction (MI) diagnosis and specimen reclassification for all patients (3a), patients with a single
¢Tn measurement (3b) and patients with serial cTn measurements (3c).

Table 3a. Reclassification in all patients.

Specimen reclassification?

No Yes Total
No 787 223 1,010
MI diagnosis reclassification?
Yes 3 3 6
Total 790 226 1,016

Table 3b. Reclassification in patients with a single cTn measurement.

Specimen reclassification?

No Yes Total
No 407 63 470
MI diagnosis reclassification?
Yes 0 1 1
Total 407 64 471

Table 3c. Reclassification in patients with serial cTn measurements.

Specimen reclassification?

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

No Yes Total
No 380 160 540
MI diagnosis reclassification?
Yes 3 2 5
Total 383 162 545
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