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BACKGROUND: The frequency and characteristics of myo-
cardial infarction (MI) subtypes per the Third Universal
Definition of MI (TUDMI) classification system using
high-sensitivity (hs) cardiac troponin assays with sex-
specific cutoffs is not well known. We sought to describe
the diagnostic characteristics of type 1 (T1MI) and type 2
(T2MI) MI using an hs–cardiac troponin I (hs-cTnI)
assay with sex-specific cutoffs.

METHODS: A total of 310 consecutive patients with serial
cTnI measurements obtained on clinical indication were
studied with contemporary and hs-cTnI assays. Ninety-
ninth percentile sex-specific upper reference limits
(URLs) for the hs-cTnI assay were 16 ng/L for females
and 34 ng/L for males. The TUDMI consensus recom-
mendations were used to define and adjudicate MI based
on each URL.

RESULTS: A total of 127 (41%) patients had at least 1
hs-cTnI exceeding the sex-specific 99th percentiles, whereas
183 (59%) had hs-cTnI within the reference interval. Fe-
males had more myocardial injury related to supply/de-
mand ischemia than males (39% vs 18%, P � 0.01),
whereas males had more multifactorial or indeterminate in-
jury (52% vs 33%, P � 0.05). By hs-cTnI, there were 32
(10%) acute MIs, among which 10 (3%) were T1MI and
22 (7%) were T2MI. T2MI represented 69% (22 out of 32)
of all acute MIs, whereas T1MI represented 31% (10 out of
32). Ninety-five patients (31%) had an increased hs-cTnI
above the 99th percentile but did not meet criteria for acute
MI. The most common triggers for T2MI were tachyar-
rhythmias, hypotension/shock, and hypertension. By con-
temporary cTnI, more MIs (14 T1MI and 29 T2MI) were

diagnosed. By contemporary cTnI, there were 43 MIs, 14
T1MI, and 29 T2MI.

CONCLUSIONS: Fewer MI diagnoses were found with the
hs-cTnI assay, contrary to the commonly accepted idea
that hs-cTnI will lead to excessive false-positive
diagnoses.
© 2015 American Association for Clinical Chemistry

Cardiac troponin has become the preferred biomarker for
the diagnosis of myocardial infarction (MI)5 (1, 2 ). Us-
ing contemporary cardiac troponin assays, there is a wide
variability in the frequency of type 1 MI (T1MI) (MI
related to plaque rupture) and T2MI (MI related to sup-
ply/demand imbalance in the absence of plaque rupture).
T1MI can range from 33% to 98% of all MIs, with
T2MI ranging from 2% to 71% of all MIs (3 ). This
variability depends on the study design, adjudication
methodology, and inherent characteristics of the used
cardiac troponin assay. Using a contemporary cardiac
troponin I (cTnI) assay combined with liberal diagnostic
criteria for T2MI, our group previously reported a T2MI
frequency of 74% [excluding ST segment elevation MIs
(STEMIs)], whereas in another study using a different
contemporary cTnI assay combined with strict diagnos-
tic criteria, the T2MI frequency has been reported at
26% (4, 5 ).

In the US, high-sensitivity (hs)-cTnI and hs-cTnT
assays have not been yet cleared by the US Food and
Drug Administration for clinical use. It has been antici-
pated that the frequency of MI might increase once hs-
cardiac troponin assays are cleared (3, 6 ). Despite the use
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of hs-cardiac troponin assays in many parts of the world,
the frequency and characteristics of MI subtypes ac-
cording to the Universal Definition of MI classifica-
tion system using hs-cardiac troponin assays with sex-
specific cutoffs is not well known. In anticipation of
the clearance of hs-cardiac troponin assays in the US,
we conducted a retrospective pilot study with the ob-
jective of describing the frequency, characteristics, and
mortality of T1MI, T2MI, and non-MI using an hs-
cTnI assay with sex-specific 99th percentile cutoffs in
a US population.

Materials and Methods

Following institutional review board approval, pa-
tients in whom serial cTnI measurements were ob-
tained on clinical indication at Hennepin County
Medical Center (Minneapolis, MN) between Novem-
ber 11 and December 15 2013 were studied. This was
an all-comers study involving all patients presenting to
the emergency department in whom providers used
cTnI to rule in and rule out MI. All patient records
were retrospectively reviewed to collect clinical and
demographic data. Patients younger than 18 years of
age were excluded.

Fresh EDTA plasma samples were simultaneously
measured with both the contemporary cTnI and hs-cTnI
assays on the Abbott ARCHITECT i1000SR or i2000SR

analyzers. The contemporary cTnI assay was used by pro-
viders for clinical decision-making at the time of the
study. The investigational hs-cTnI assay was simultane-
ously measured. The contemporary cTnI assay had a
non–sex-specific 99th percentile URL of 0.030 �g/L that
was derived in the authors’ laboratory. Total between-
day imprecisions (n � 33 days) were 16.3% at 0.035
�g/L and 6.1% at 0.15 �g/L. The sex-specific 99th per-
centile cutoffs for the hs-cTnI assay were 16 ng/L for
females and 34 ng/L for males (7 ). Total between-day
imprecision (n � 29 days) was 5.3% at 15 ng/L.

EVENT ADJUDICATION

The Third Universal Definition of MI consensus recom-
mendations were used to define acute MI (2 ). T1MI was
defined as a spontaneous MI related to atherosclerotic
plaque rupture, ulceration, fissuring, erosion, or dissec-
tion with resulting intraluminal thrombus. T2MI was
defined as an MI secondary to a supply/demand imbal-
ance in the absence of plaque rupture. Our group has
recently reviewed the literature on T2MI and developed
a set of recommendations for T2MI that were used to
guide the adjudication process in this study (3 ). T2MI
was diagnosed when there was evidence of myocardial
necrosis in a clinical setting consistent with an acute sup-
ply/demand imbalance, without plaque rupture, in
which there was a rise and/or fall of cardiac troponin with

at least 1 value above the 99th percentile URL, plus at
least 1 other criterion of MI according to the Universal
Definition of MI.

To guide the diagnosis of MI using the hs-cTnI as-
say, an algorithm to guide adjudication was developed on
the basis of biological variability data using the Abbott
Architect hs-cTnI assay from our laboratory [reference
change value (RCV) increase, 69.3%; RCV decrease,
40.9%] (8 ). The algorithm followed the template from
the study group on biomarkers in cardiology of the ESC
Working Group on Acute Cardiac Care (9 ). If the initial
hs-cTnI value was below the sex-specific 99th percentile
cutoffs (URL), then a rise of �69% and/or fall of �41%
in serial sampling were used to suggest a significant rise
and/or fall; whereas if the initial hs-cTnI value was in-
creased then a change of at least �20% was used. MIs
were not adjudicated on the basis of falling or rising cTnI
values that were within the reference interval (i.e., below
the 99th percentile). Patients with an increased hs-cTnI,
regardless of having MI or not, were adjudicated into
categories according to the Third Universal Definition of
MI using sex-specific 99th percentile cutoffs: (a) primary
myocardial ischemia, (b) injury related to supply/de-
mand imbalance, (c) injury not related to myocardial
ischemia, (d) multifactorial or indeterminate, and (e) un-
known (2 ). The adjudication process also included re-
porting the “altered” variable(s) within the supply/de-
mand balance, and if no clear variable was altered, then
the diagnosis of T2MI was not supported. All cases with
either an hs-cTnI above the sex-specific 99th percentile
cutoffs or contemporary cTnI above the 99th percentile
(sex-specific 99th percentile cutoffs are not valid) were
retrospectively examined and underwent MI subtype ad-
judication after a careful review of available data, includ-
ing electrocardiogram, echocardiography, angiography,
hs-cTnI values, and clinical presentation. Adjudication
was performed by one cardiology fellow and verified by
an emergency medicine physician in cases of diagnostic
uncertainty.

Mortality and length of stay during the index inpa-
tient admission, as well as postdischarge mortality at 150
days, were assessed.

STATISTICAL ANALYSIS

We used �2 tests to compare categorical measures. A
Kruskal–Wallis test was used to compare median data.
ANOVA was used for continuous numerical data, and
Student t-test for comparisons between groups.
Kaplan–Meier survival curves were constructed and
differences between survival curves were compared us-
ing the log–rank statistic. Statistical significance was
accepted at the 0.05 level. Analyses were performed
with MedCalc v13.
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Results

A total of 310 patients with serial hs-cTnI measurements
were enrolled in the study. Baseline clinical characteris-
tics of events using the hs-cTnI assay are shown in

Table 1. One hundred twenty-seven (41%) patients
had at least 1 hs-cTnI above the sex-specific 99th per-
centile cutoffs, whereas 183 (59%) had an hs-cTnI
within the reference interval. Myocardial necrosis eti-
ologies are shown in Table 2. The most common

Table 1. Baseline clinical characteristics.

Total (n = 310) T1MI (n = 10) T2MI (n = 22)

No MI with
increased hs

cardiac troponin,
n = (95)

No MI
with normal hs

cardiac troponin,
n = (183) P value

Baseline characteristics

Age, y, mean (95% Cl) 67 (57–78) 61 (53–69) 62 (59–66) 58 (56–60) 0.08

Male, n (%) 5 (50) 9 (41) 50 (53) 113 (62) 0.18

Hypertension, n (%) 9 (90) 14 (64) 76 (80) 125 (68) 0.26

Diabetes mellitus, n (%) 3 (30) 9 (41) 32 (34) 56 (31) 0.93

Dyslipidemia, n (%) 10 (100) 9 (41) 40 (42) 65 (36) 0.008

Renal insufficiency, n (%) 2 (20) 5 (23) 36 (38) 21 (12) <0.0001

End-stage renal disease on hemodialysis, n (%) 0 (0) 4 (18) 21 (22) 4 (2) <0.0001

Prior MI, n (%) 5 (50) 3 (14) 21 (22) 22 (12) 0.03

Prior percutaneous coronary intervention, n (%) 5 (50) 3 (14) 20 (21) 19 (10) 0.01

Prior coronary artery bypass graft, n (%) 0 (0) 1 (5) 9 (9) 8 (4) 0.62

History of congestive heart failure, n (%) 2 (20) 4 (18) 24 (25) 26 (14) 0.43

History of atrial fibrillation, n (%) 1 (10) 1 (5) 8 (8) 8 (4) 0.81

Peripheral vascular disease, n (%) 0 (0) 1 (5) 1 (1) 2 (1) 0.84

Cerebrovascular disease, n (%) 1 (10) 2 (9) 12 (13) 18 (10) 0.97

Initial vital signs

Heart rate, bpm, mean (95% Cl) 88 (75–101)a 116 (103–128) 89 (84–94)b 89 (85–92)b <0.001

Systolic blood pressure, mmHg, mean (95% Cl) 142 (126–158) 143 (124–161) 145 (138–151) 143 (139–147) 0.97

Respiratory rate per minute, mean (95% Cl) 20 (16–24) 23 (20–25) 19 (18–20)a 18 (17–19)a 0.001

Pulse oximetry 97 (96–99) 95 (93–97) 95 (93–96) 96 (96–97)c 0.02

Temperature, °C, mean (95% Cl) 36.2 (35.7–36.8) 36.3 (35.6–37.1) 36.4 (36.2–36.7) 36.6 (36.5–36.7) 0.44

Echocardiogram

Echocardiogram performed, mean (95% Cl) 8 (80) 13 (59) 29 (31) 35 (19) <0.0001

Ejection fraction, mean (95% Cl) 47 (33–61)a 66 (61–71) 57 (51–63) 58 (53–63) 0.04

Coronary angiography, n (%)

Coronary angiography performed, n (%) 3 (30) 1 (5) 4 (4) 3 (2) <0.0001

Presence of coronary artery disease (>50%), n (%) 3/3 (100) 0/1 (0) 2/4 (50) 1/3 (33) 0.23

a P value <0.05 vs T2MI; b P value <0.001 vs T2MI; c P value < 0.05 vs No MI with hs-cTnI > GSC (gender-specific cutoffs).

Table 2. Myocardial necrosis etiologies using hs-cTnI sex-specific cutoffs.

Myocardial necrosis etiologies using hs-cTnI
sex-specific cutoffs Males, >34 ng/L Females, >16 ng/L

All with increased hs-cTnI
values using sex cutoffs

P valueTotal (n = 310) n = 66 n = 61 n = 127

Injury related to primary myocardial ischemia, n (%) 6 (9%) 7 (12%) 13 (10) 0.88

Injury related to supply/demand imbalance, n (%) 12 (18%) 24 (39%) 36 (28) 0.01

Injury not related to myocardial ischemia, n (%) 5 (8%) 2 (3%) 7 (6) 0.5

Multifactorial or indeterminate injury, n (%) 34 (52%) 20 (33%) 54 (43) 0.05

Unknown, n (%) 9 (14%) 8 (13%) 17 (13) 0.86

MI Detection Using High-Sensitivity Cardiac Troponin
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causes of hs-cTnI increases were multifactorial or in-
determinate injury (43%). According to sex, females
had more myocardial injury related to supply/demand
ischemia than males (39% vs 18%, P � 0.01), whereas
males had more multifactorial or indeterminate injury
(52% vs 33%, P � 0.05).

There were 32 (10%) acute MIs, among which 10
(3%) were T1MI and 22 (7%) were T2MI. T2MI rep-
resented 69% (22 out of 32) of all acute MIs, whereas
T1MI represented 31% (10 out of 32). Ninety-five pa-
tients (31%) had an increased hs-cTnI above the sex-
specific 99th percentile cutoffs but did not meet criteria
for acute MI and were categorized as non-MI hs-cTnI
increases. The remaining 183 (59%) patients had hs-
cTnI values within the reference interval and were cate-
gorized as no MI with normal hs-cTnI. In contrast to
when hs-cTnI values were used for adjudication, based
on the contemporary cTnI assay, a greater number of
patients (n � 43) were adjudicated to have an acute MI,
among which 14 (4.5% of all patients, 32.5% of all acute
MIs) had a T1MI, and 29 (9.4% of all patients, 67.4% of
all acute MIs) had a T2MI. Fig. 1 exemplifies serial cTnI
patterns of 2 patients that were adjudicated as no MI

using the hs-cTnI assay compared to the contemporary
cTnI assay.

Patients with T2MI had a higher mean heart rate
than T1MI (116 vs 88 beats per minute, P � 0.007).
Both T1MI and T2MI had similar rates of history of
renal insufficiency (20% vs 23%, P � 0.77) and conges-
tive heart failure (20% vs 18%, P � 0.71). Patients with
T2MI and non-MI with hs-cTnI increases tended to
have more end-stage renal disease on hemodialysis, in
contrast to patients with T1MI, as shown in Table 1.

The most common triggers for T2MI were tachyar-
rhythmias (8/22, 36%), hypotension/shock (8/22,
36%), and hypertension (6/22, 27%). T2MI could be
deemed to be triggered by either 1 isolated altered vari-
able within the supply/demand balance or more than 1
variable. Nine T2MI had a combination of altered vari-
ables (i.e., respiratory failure and hypertension), whereas
the remaining 13 were deemed to have T2MI triggered
by an isolated variable.

Patients with T1MI, including 1 STEMI patient,
had significantly higher concentrations of cTnI com-
pared to T2MI for both initial and maximum values
using both hs- and contemporary cTnI assays (P �
0.001). With the use of the hs-cTnI assay, patients with
T1MI had a mean initial value of 913 ng/L compared to
259 ng/L in patients with T2MI (P � 0.2). Similarly,
patients having T1MI had a maximum mean value of
7767 ng/L compared to 615 ng/L in patients with T2MI
(P � 0.02). Compared to T2MI patients, patients adju-
dicated as “no MI with increased hs-cTnI assay concen-
trations” had maximum hs-cTnI concentrations that
were significantly different (211 vs 615 ng/L, P � 0.04).
hs-Cardiac troponin values among subgroups are shown
in Table 3.

Men having a T1MI had initial and maximum mean
hs-cTnI concentrations of 1706 and 11133 ng/L respec-
tively, in contrast with T2MI concentrations of 55 ng/L
and 452 ng/L, respectively. Women having a T1MI had
mean initial and maximum hs-cTnI concentrations of

Fig. 1. Representative serial cTnI concentrations in 2 pa-
tients measured by contemporary and hs-cTnI assays.

Table 3. Cardiac troponin concentrations using hs-cTnI assay and associated biomarkers.a

Laboratory values T1MI (n =10) T2MI (n = 22)

No MI with (+)
hs-cardiac

troponin (n = 95)

No MI with (−)
hs-cardiac

troponin (n = 183) P value

Initial hs-cTnI, ng/L 913 (0–2437)b 259 (0–638) 97 (70–124) 8 (7–9) <0.001

Maximum hs-cTnI, ng/L 7767 (0–17338)b 615 (89–1140) 211 (66–357) 9 (8–11) <0.001

N-terminal pro-brain natriuretic
peptide, pg/mL

7475 (0–19809) 10991 (0–26887) 11332 (3248–19415) 5214 (917–9512) 0.47

Creatinine, mg/dL 2.5 (0–5.2) 2.9 (0.8–4.9) 3.5 (2.7–4.3) 1.8 (0.7–3.0) 0.26

Estimated glomerular filtration
rate, mL � min−1 � (1.73 m2)−1

57 (37–77) 60 (41–80) 53 (45–61) 88 (82–94)c <0.001

a All values, mean (95% CI); b P value < 0.001 vs all other groups; c P value < 0.005 vs T1MI and No MI with (+) hs-cTnI.
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120 ng/L and 4401 ng/L, respectively, in contrast with
T2MI concentrations of 400 ng/L and 727 ng/L, respec-
tively (Table 4). Although not significant, the mean ini-
tial value in women with T2MI was higher than the
initial value in women with T1MI (400 vs 120 ng/L, P �
0.6), but maximum values were lower in women with
T2MI than in those with T1MI (727 vs 4401 ng/L,
P � 0.2).

The majority of postdischarge deaths occurred in
patients with no MI and increased hs-cTnI [12 deaths
(13%) at 150 days], as shown in Fig. 2. Causes of death
included the following comorbidities: sepsis, intracere-
bral hemorrhage, ischemic kidney disease, hemorrhagic
shock, acute renal failure, congestive heart failure, and
cardiac arrest. Patients with T2MI had a mean length of
stay of 9.5 days (range, 3.4–15.6 days), with a limited

number of events. During the index admission there was
only 1 death in the T2MI group, in contrast to no deaths
among T1MI group. Patients having no MI and in-
creased hs-cardiac troponin had 4 deaths. During follow-
up, postdischarge mortality remained the same, with no
further events among patients with T1MI and only 1
death in the T2MI cohort.

Discussion

Several findings are unique to this study using an hs-cTnI
assay with sex-specific 99th-percentile cutoffs. First, it
must be noted that the objective of our study was to assess
the frequency and characteristics of T1MI, T2MI, and
non-MI obtained with an hs-cTnI assay in a US center in
which a contemporary cTnI was in use for clinical
decision-making at the time of the study. Despite the
general expectation by clinicians that the introduction of
hs-cTnI assays would lead to an increased detection of
events, we noted a similar rate of T1MI and T2MI using
the hs-cTnI assay. The T1MI and T2MI overall fre-
quency rates among the whole study population were 3%
and 7%, respectively, using the hs-cTnI assay with sex-
specific 99th-percentile cutoffs, in comparison to 4.5%
and 9.4% using the contemporary cTnI assay. This
observation is limited by the size of our study and
number of events. Further validation will be required
to confirm if indeed the rate of T1MI and T2MI events
does not increase with the introduction of hs-cardiac tro-
ponin assays. Our research group has just completed en-
rolling patients into a large study (ClinicalTrials.gov
identifier: NCT02060760) in which we expect to en-
counter a larger number of clinical events and determine
if this observation stands.

Second, the lack of an expected increase in T1MI
and T2MI events when adjudicating with hs-cTnI vs
contemporary cTnI may be related to the combination of
an analytically improved hs-cTnI assay in addition to a
careful adjudication process. As shown in Fig. 1, analyt-
ical variation in the contemporary cTnI assay shows “an-
alytical noise” for concentration values near the 99th per-
centile, leading to a falsely higher number of events
diagnosed and/or adjudicated as having an MI, because
the minor cardiac troponin value increases above the
99th percentile URL may be encountered in combina-
tion with at least 1 other criterion for the diagnosis of
acute MI. In contrast, with the use of the hs-cTnI assay
with higher precision (less analytical noise), only cTnI
increases indicative of myocardial injury should be ob-
served (8 ).

Third, we report distinct concentration differences
between T1MI and T2MI using an hs-cTnI assay with
sex-specific 99th percentile cutoffs. Patients with T2MI
had significantly lower initial and maximum mean con-
centrations (259 vs 913 ng/L and 1186 vs 7767 ng/L,

Table 4. Initial and maximum hs-cTnI concentrations
according to sex in patients presenting for evaluation of MI.

T1MI

Men (n = 5) Women (n = 5) P value

Initial hs-cTnI, ng/L 1706 (0–5350) 120 (0–347) 0.34

Maximum hs-cTnI,
ng/L

11133 (0–33218) 4401 (0–13860) 0.46

T2MI

Men (n = 9) Women, n = 13 P value

Initial hs-cTnI, ng/L 55 (0–115) 400 (0–1069) 0.37

Maximum hs-cTnI,
ng/L

452 (0–1069) 727 (0–1581) 0.61

Fig. 2. Postdischarge all-cause mortality Kaplan–Meier
curves. GSC, sex-specific cutoff.

MI Detection Using High-Sensitivity Cardiac Troponin
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both P � 0. 0001) in contrast to T1MI. When we strat-
ified MI into subtypes and categorized patients by sex, we
confirmed, as expected, that men had higher initial hs-
cTnI concentrations and maximum concentrations that
were higher than those for women in T1MI (10 ). Sur-
prisingly, hs-cTnI concentrations in women with T2MI
trended higher than those in men. Also unexpected was
that the mean initial value in women with T2MI was not
different than the initial value in women with T1MI. As
anticipated, the mean maximum hs-cTnI values were sig-
nificantly lower in women with T2MI than in those with
T1MI (614 vs 7767 ng/L, P � 0.02). Again, these com-
parisons are limited by the small sample size. Larger stud-
ies observing sex differences in MI subtypes with hs-cTnI
will be required to further delineate and clarify these
findings.

Fourth, we noted that the most common triggers of
T2MI were tachyarrhythmias and hypotension. Using a
contemporary cTnI assay combined with strict diagnos-
tic criteria for T2MI, Saaby et al. reported that anemia,
tachyarrhythmias, and respiratory failure were the most
common mechanisms associated with T2MI (5 ). How-
ever it remains controversial if there should or should not
be a degree and/or threshold of increased demand or
decreased supply that are necessary to qualify as a T2MI
(3, 5, 11 ). Saaby et al. used “strict” criteria, whereas we
used an individualized, more liberal approach in which
all factors are subjectively assessed and adjudicated trig-
ger(s) are coded in the current study. Further guidance is
required in this area, because the frequency of T2MI
reported varies depending on the use of strict vs “liberal”
criteria (3 ). As supply/demand ischemia is a multifacto-
rial process dependent on multiple anatomic (e.g., pres-
ence of fixed stable coronary stenosis or left ventricular
hypertrophy) and physiologic (e.g., oxygenation, hemo-
globin, heart rate, arterial blood pressure) variables, it is
impossible to use any single strict cutoff for any single
variable.

We note several limitations with our current obser-
vations. First, limited numbers of both acute MIs and
deaths were encountered related to sample size, and a
robust conclusion on outcomes cannot be offered be-
cause there was only 1 death in both T1MIs and T2MIs
during the index hospitalization and follow-up. Noncar-
diac comorbidities with an increased cTnI included sep-
sis, intracerebral hemorrhage, ischemic kidney disease,
hemorrhagic shock, and acute renal failure; all of these
factors are known to be associated with an increased risk
of death. Second, no conclusive statements can be made
about the observed sex differences in hs-cTnI concentra-

tions owing to the limited number of events. Third, fu-
ture, larger studies will be needed to address the use of
age-defined 99th percentile cutoffs and sex-defined deltas
for diagnostic accuracy studies. Fourth, only 1 clinician
reviewed cases for adjudication. However, verification by
a second clinician was available in diagnostically chal-
lenging cases. A larger study ongoing in our laboratory
(ClinicalTrials.gov identifier: NCT02060760) has at
least 2 adjudicators reviewing each case with an addi-
tional clinician adjudicator in case of discrepancy. Fi-
nally, our study was a descriptive study observing T1MI
and T2MI regardless of the presence of STEMI (n � 1),
rather than a diagnostic accuracy study.

In conclusion, in this pilot study comparing T1MI
and T2MI with use of both a contemporary cTnI and
hs-cTnI, we found that there were fewer MI diagnoses
when using hs-cTnI values, contrary to the commonly
accepted idea that hs-cTnI results will lead to excessive
false-positive diagnoses. Our study emphasizes the im-
pact of improved precision with hs-cTnI over cTnI on
the diagnosis of T1MI and T2MI.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 3 require-
ments: (a) significant contributions to the conception and design, acquisi-
tion of data, or analysis and interpretation of data; (b) drafting or revising
the article for intellectual content; and (c) final approval of the published
article.

Authors’ Disclosures or Potential Conflicts of Interest: Upon man-
uscript submission, all authors completed the author disclosure form. Dis-
closures and/or potential conflicts of interest:

Employment or Leadership: F.S. Apple, Clinical Chemistry, AACC.
Consultant or Advisory Role: Y. Sandoval, Roche Diagnostics; M.M.
Murakami, Roche Diagnostics; F.S. Apple, Philips Diagnostics.
Stock Ownership: None declared.
Honoraria: M.M. Murakami, Beckman Coulter; F.S. Apple, Abbott
Laboratories and Beckman Coulter.
Research Funding: Abbott Laboratories; F.S. Apple, research funding,
without salary, from the majority of manufacturers marketing cardiac
troponin assays.
Expert Testimony: None declared.
Patents: None declared.

Role of Sponsor: The funding organizations played no role in the
design of study, choice of enrolled patients, review and interpretation of
data, or preparation or approval of manuscript.

Acknowledgments: The authors acknowledge the assistance of Hen-
nepin County Medical Center’s Clinical Chemistry laboratory staff for
the analysis of cardiac troponin by both assays and the Cardiac Bio-
marker Trials Laboratory staff for assistance with collecting and collat-
ing data for this study.

References

1. Thygesen K, Alpert JS, White HD; Joint ESC/ACCF/AHA/
WHF Task Force for the Redefinition of Myocardial In-
farction. Universal definition of myocardial infarction.

J Am Coll Cardiol 2007;50:2173–95.
2. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chait-

man BR, White HD, et al. Third universal definition of

myocardial infarction. J Am Coll Cardiol 2012;60:
1581–98.

3. Sandoval Y, Smith SW, Thordsen SE, Apple FS. Supply/

662 Clinical Chemistry 61:4 (2015)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/61/4/657/5611637 by guest on 17 M
ay 2023



demand type 2 myocardial infarction: should we be
paying more attention? J Am Coll Cardiol 2014;63:
2079 – 87.

4. Sandoval Y, Thordsen SE, Smith SW, Schulz KM, Mu-
rakami MM, Pearce LA, Apple FS. Cardiac troponin
changes to distinguish type 1 and type 2 myocardial
infarction and 180-day mortality risk. Eur Heart J Acute
Cardiovasc Care 2014;3:317–25.

5. Saaby L, Poulsen TS, Hosbond S, Larsen TB, Pyndt Died-
erichsen AC, Hallas J, et al. Classification of myocardial
infarction: frequency and features of type 2 myocardial

infarction. Am J Med 2013;126:789 –97.
6. Korley FK, Jaffe AS. Preparing the United States for

high-sensitivity cardiac troponin assays. J Am Coll Car-
diol 2013;61:1753– 8.

7. Shah ASV, Griffiths M, Lee KK, McAllister DA, Hunter AL,
Ferry AV, et al. High sensitivity cardiac troponin and the
under-diagnosis of myocardial infarction in women:
prospective cohort study. BMJ 2015;350:g7873.

8. Apple FS, Collinson PO; IFCC Task Force on Clinical Ap-
plications of Cardiac Biomarkers. Analytical characteris-
tics of high-sensitivity cardiac troponin assays. Clin

Chem 2012;58:54 – 61.
9. Thygesen K, Mair K, Giannitsis E, Mueller C, Lindahl B,

Blankenberg S, et al. How to use high-sensitivity cardiac
troponins in acute cardiac care. Eur Heart J 2012;33:
2252–7.

10. Apple FS, Jaffe AS. Men are different than women: it’s
true for cardiac troponin too. Clin Biochem 2014;47:
867– 8.

11. Sandoval Y, Smith SW, Apple FS. Type 2 myocardial
infarction: the next frontier [Abstract]. Am J Med 2014;
127:e19.

MI Detection Using High-Sensitivity Cardiac Troponin

Clinical Chemistry 61:4 (2015) 663

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/61/4/657/5611637 by guest on 17 M
ay 2023


