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Hospital laboratory reporting may be a barrier to
detection of ‘microsize’ myocardial infarction in
the US: an observational study
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Abstract

Background: International guidelines recommend that the decision threshold for troponin should be the 99th

percentile of a normal population, or, if the laboratory assay is not sufficiently precise at this low level, the level at
which the assay achieves a 10% or better coefficient of variation (CV). Our objectives were to examine US hospital
laboratory troponin reports to determine whether either the 99th percentile or the 10% CV level were clearly
indicated, and whether nonconcordance with these guidelines was a potential barrier to detecting clinically
important microscopic or ‘microsize’ myocardial infarctions (MIs). To confirm past reports of the clinical importance
of microsize MIs, we also contrasted in-hospital, 28-day and 1-year mortality among those with microsize and
nonmicrosize MI.

Methods: In the REasons for Geographic And Racial Differences in Stroke national prospective cohort study
(n=30,239), 1029 participants were hospitalized for acute coronary syndrome (ACS) between 2003–2009. For each
case, we recorded all thresholds of abnormal troponin on the laboratory report and whether the 99th percentile or
10% CV value were clearly identified. All cases were expert adjudicated for presence of MI. Peak troponin values
were used to classify MIs as microsize MI (< five times the lowest listed upper limit of normal) and nonmicrosize MI.

Results: Participants were hospitalized at 649 acute care US hospitals, only 2% of whose lab reports clearly
identified the 99th percentile or the 10% CV level; 52% of reports indicated an indeterminate range, a practice that
is no longer recommended. There were 183 microsize MIs and 353 nonmicrosize MIs. In-hospital mortality tended
to be lower in the microsize than in the nonmicrosize MI group (1.1 vs. 3.6%, p = 0.09), but 28-day and 1-year
mortality were similar (2.5% vs. 2.7% [p = 0.93] and 5.2% vs. 4.3% [p = 0.64], respectively).

Conclusions: Current practices in many US hospitals created barriers to the clinical recognition of microsize MI,
which was common and clinically important in our study. Improved hospital troponin reporting is warranted.
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Background
Guidelines for defining myocardial infarction (MI) have
long recommended that events be classified using a com-
bination of the clinical presentation, electrocardiogram
(ECG) or cardiac imaging findings, and biomarkers [1-4].
Troponin is the preferred biomarker due to its high
specificity for cardiac muscle [1-4]. The risk for mortality
and cardiovascular events is increased with even modest
troponin elevations [5-9]; therefore, for several years,
American and European cardiology societies, the National
Heart, Lung and Blood Institute, the Centers for Disease
Control and Prevention, and others have recommended
defining abnormal troponin as any value above the 99th

percentile for healthy individuals [1-4,10-14], culminating
in the publication of the Universal Definition of MI in
2007 [1-3].
A problem acknowledged by the Universal Definition

and other preceding guidelines is that some assays may
not be reliable at levels as low as the 99th percentile.
Troponin levels in normal reference populations are very
close to zero, and recent advances in biomarker assays
permit detection of levels as low as 0.006 μg/L [15].
However, precision at very low levels may not be accep-
table [15]. Therefore, until assays achieve greater preci-
sion at very low levels and become more standardized,
experts have recommended defining the threshold for
abnormal troponin as either the 99th percentile of a nor-
mal reference population or the level at which the assay
achieves acceptable precision, defined by a coefficient of
variation (CV) of 10% or better [1-4,10-14]. All values of
troponin above this threshold are recommended to be
considered myocardial necrosis, which, together with a
characteristic rising and/or falling pattern, is used in
clinical decision-making to classify an event as an MI.
In order to apply this recommendation, the 99th per-

centile or 10% CV level must be clearly identified on
hospital laboratory troponin reports and labeled as the
decision threshold. However, many hospitals have for
years reported an “indeterminate range,” which was use-
ful in interpreting troponin relative to creatine kinase
(CK)-MB fractions when troponin was first introduced.
The upper limit of this indeterminate range was the
World Health Organization (WHO) cut-point corre-
sponding to abnormal CK-MB, and many reports con-
tinue to provide interpretive guidelines recommending
that troponin values above this WHO cut-point repre-
sent a high likelihood of MI. Clinicians interpreting such
reports today may be challenged to identify the more
current, lower guideline-recommended decision thresh-
old. Furthermore, as ST elevation MI is declining while
non-ST elevation MI remains common [16,17], troponin
levels are increasingly the deciding factor in determining
whether acute coronary syndrome (ACS) is classified as
an MI. In this context, the troponin laboratory report is
critical for appropriately classifying and risk stratifying
MI events. However, guideline concordance in hospital
laboratory troponin reports has to our knowledge not
been examined.
We studied US hospital laboratory troponin practices

in the REasons for Geographic And Racial Differences in
Stroke (REGARDS) study, a large national prospective
cohort study. We also examined mortality risks associ-
ated with very low, or ‘microsize,’ troponin peak MIs
relative to MIs with higher peak troponin levels to both
confirm the risks that have been described in other po-
pulations and to highlight the potential clinical relevance
of hospital troponin reporting practices.

Methods
The REGARDS study is prospectively following 30,239
individuals for cardiovascular events and mortality to
better understand regional and racial influences on stroke
and MI mortality. Details of the study are described else-
where [18]. Briefly, recruitment was conducted from
2003–2007 using commercially available lists and a com-
bination of mail and telephone contact to recruit English-
speaking, community-dwelling adults aged 45 and older
living in the 48 contiguous US. Baseline data collection in-
cluded telephone surveys and in-home exams, and living
participants are telephoned every six months and asked if
they were hospitalized with subsequent medical records
retrieval. Deaths were detected from reaching next of kin
at a scheduled follow-up, online sources (e.g., Social Se-
curity Death Index), or the National Death Index. Medical
records were reviewed by a team of experts, who adjudi-
cated MI events using a standardized approach modeled
on major epidemiologic studies [4]. The study protocol
was reviewed and approved by the University of Alabama
Institutional Review Board, and all participants provided
informed consent.
We included the first hospitalization for ACS for each

participant occurring between 2003 and 2009. ACS was
defined as an urgent presentation of signs and symptoms
suggestive of acute coronary ischemia resulting in hos-
pitalization. For each case, we examined the hospital la-
boratory troponin report for documentation of the 99th

percentile for healthy adults or the 10% CV level for the
assay utilized and whether either was clearly identified
as the decision threshold for abnormal troponin. We
also examined whether an indeterminate range was pro-
vided, a practice that is no longer recommended [1].
Expert adjudicators classified cases as ACS without MI

or ACS with MI following approaches used in most large
epidemiology studies [4]. For MI, medical records were
examined for the presence of signs or symptoms suggest-
ive of ischemia; a rising and/or falling pattern in cardiac
troponin or creatine phosphokinase-MB over ≥6 hours
with a peak value ≥ twice the upper limit of normal; and
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ECG changes consistent with ischemia or MI, guided by
the Minnesota code [4]. By convention, adjudicators used
as the troponin decision threshold the 99th percentile or
10% CV value if clearly identified on the report, or if not
clearly identified, twice the lowest listed upper limit of
normal (ULN). MIs were adjudicated as definite, probable,
or possible, and only definite or probable MI events were
included in this study as MI events. The highest and low-
est levels of troponin and upper limits of normal were also
recorded.
After adjudication, cases were further classified into

microsize MI or usual MI based on peak troponin levels.
Microsize MI was defined as an adjudicated MI with
peak troponin no more than five times the lowest listed
ULN, and usual MIs were all other adjudicated MIs. We
examined clinical characteristics of individuals and in-
hospital, 28-day and 1-year age, sex, and race-adjusted
mortality in each of the three ACS groups of no MI,
microsize MI and usual MI.
Statistical analyses
We examined differences in participant characteristics
among the three ACS groups, no MI, microsize MI,
and usual MI. Available characteristics included sociode-
mographics (age, sex, race) and medical conditions (hyper-
tension, defined as systolic blood pressure ≥140 mmHg
or diastolic blood pressure ≥90 mmHg or treated with
antihypertensive medications; diabetes, defined as
fasting blood glucose ≥126 mg/dl, random blood glu-
cose ≥200 mg/dl, or being treated with diabetes medi-
cations; and a history of heart disease, defined as a
self-reported history of MI or coronary intervention,
or evidence of MI on ECG at baseline). Physiologic
variables included body mass index, low-density lipo-
protein cholesterol (LDL-C) levels, high density lipo-
protein cholesterol (HDL-C) levels, triglyceride levels,
and creatinine levels.
After conducting a descriptive analysis, we constructed

a logistic regression model to examine associations with
microsize MI relative to usual MI, entering the above
clinical characteristics into a multivariable model that
included all cases of MI. Mortality for ACS, microsize
MI, and usual MI was calculated by dividing the number
of deaths in the period among those at risk. Specifically,
in-hospital mortality was the number of deaths prior to
discharge among those hospitalized; 28-day mortality
was the number of deaths at 28 days among those sur-
viving to discharge; and 1-year mortality was the number
of deaths at 365 days among those surviving to 28 days.
These proportions were adjusted for age, race, and
sex and tested for statistically significant differences.
All analyses were carried out using SAS version 9.1,
Cary, North Carolina.
Results
Variations in hospital laboratory troponin reporting
No ULN for troponin was provided in 35 laboratory re-
ports, and these hospitals were excluded, resulting in the
inclusion of 649 different hospitals located in 490 US
cities in 45 states. The type of troponin was troponin-I
in 76% of hospitals and troponin-T in 7%; the type of
troponin was not specified in 17% of reports.
Sixteen (2%) hospitals specifically identified either the

99th percentile or the 10% CV level, but only one hos-
pital advised clinicians that the 99th percentile should be
used as the decision threshold for defining myocardial
necrosis. A single ULN was provided in 48% of hospitals
without specification of whether it was the 99th percent-
ile or the 10% CV level. More than one ULN was pro-
vided in the remaining hospitals. When more than one
threshold was reported, it was often in the context of
ranges accompanied by interpretive language (e.g., 0–0.04
“normal”; 0.05-1.5 “indeterminate”; >1.5 “consistent with
acute MI”). In 13% of the hospitals, there were four or
more such ranges.
The name of the manufacturer of the troponin assay

would theoretically permit clinicians to examine the ta-
bles available online at the International Federation of
Clinical Chemists (IFCC) website for 99th percentile
values and 10% CV levels (see Additional file 1). How-
ever, the name of the assay was provided in only 15 hos-
pitals, and the IFCC was mentioned in only one report.
Because only a single manufacturer (Roche) distrib-

uted troponin-T assays during the study period, the 99th

percentile and 10% CV values can be approximated
using the IFCC table even when no manufacturer is spe-
cified on the laboratory report; the decision threshold
during the observation period should have been 0.03
[15,19]. However, in half (n = 38) of troponin-T hos-
pital laboratory reports, 0.1 was provided as the ULN.
This higher value corresponded to the assay’s WHO
cut-point, which is no longer recommended as a deci-
sion threshold.
Additional evidence that some hospital laboratories

were providing thresholds well above the recommended
decision thresholds came from 56 reports in which the
ULN provided was higher than the 10% CV level of any
assay reported by the IFCC [15,19]. These results suggest
that even among the 48% of labs with a single ULN in
our study, there is considerable uncertainty around whe-
ther the listed ULN is actually the guideline-concordant
decision threshold.

Clinical implications of microsize MI
Of the 1,029 cases of ACS included in the analysis, 493
were classified as ACS without MI, 183 as microsize
MIs, and 353 as usual MIs (Table 1). There were propor-
tionately more black participants in the microsize MI



Table 1 Baseline characteristics of 1029 patients presenting with acute coronary syndrome (ACS)

ACS without MI Microsize MI Usual MI P-value†

Tn* < ULN ULN ≤ Tn < 5×ULN Tn ≥ 5×ULN

(n = 493) (n = 183) (n = 353)

Age≥ 65 years,% 62.3 68.3 66.9 0.73

Black Race,% 39.8 38.3 28.6 0.03

Female Gender,% 50.9 37.7 32.3 0.21

Obese,% 49.1 40.4 33.4 0.11

Hypertension,% 81.1 76.0 73.7 0.56

Diabetes,% 36.7 39.9 32.0 0.07

History of Heart Disease,% 46.7 48.6 38.8 0.03

Triglyceride ≥200 mg/dl,% 18.5 20.8 20.7 0.99

High Density Lipoprotein Cholesterol ≤40 mg/dl,% 33.5 33.3 41.4 0.07

Low Density Lipoprotein Cholesterol ≥160 mg/dl,% 7.5 5.5 9.9 0.08

Mean creatinine, mg/dL (SD) 1.0 (0.4) 1.0 (0.5) 1.2 (1.1) 0.03

Framingham CHD Risk score, Mean (SD) 12.6 (11.3) 14.1 (9.6) 16.5 (12.7) 0.07

*Tn = Troponin, ULN = Upper Limit of Normal, MI = Myocardial Infarction.
†Chi-square test for categorical variables and student t-test for continuous variables used to test differences between microsize and usual MI groups. See text for
definition of medical conditions. Bold italicized characteristics differed statistically between microsize and usual MI groups.
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group relative to the usual MI group, more individuals
with microsize MI had a history of heart disease, and the
mean creatinine was lower in the microsize MI group.
Framingham Coronary Heart Disease (CHD) risk scores
demonstrated a trend for a graded increase in risk across
the groups.
The logistic regression analysis of all cases of MI re-

vealed that black race, history of CHD, and creatinine
were independent predictors of microsize MI relative to
usual MI (Table 2).
In the mortality analysis, in-hospital mortality was

lower for microsize MIs compared with usual MIs, tren-
ding toward statistically significant difference (p = 0.09),
and in-hospital mortality was statistically different for
those with ACS without MI compared to both microsize
MI or usual MI (Figure 1). However, although 28-day
case fatality was not statistically different across MI
groups, mortality trended towards significant differ-
ences between the ACS without MI versus the other
Table 2 Multivariable logistic regression results testing assoc

Crude odds rat

Black vs. White race 1.55

Female vs. Male 1.27

Obese vs. Not Obese 1.35

Diabetes vs. No Diabetes 1.41

History of heart disease vs. none 1.49

Low density lipoprotein cholesterol ≥160 vs. <160 mg/dL 0.53

High density lipoprotein cholesterol ≤40 vs. >40 mg/dL 0.71

Creatinine, per mg/dL 0.76

For definitions of medical conditions, see text. Bolded italicized results indicate stat
two groups. At one year, both types of MI had higher
mortality relative to those with ACS without MI, and
the rate was slightly higher for microsize MIs than for
usual MIs, though that difference was not statistically
significant.

Discussion
We found major deviations from guideline recommen-
dations for troponin laboratory reporting in our study.
Laboratory reports only rarely identified a 99th percentile
or 10% CV level, and more than half of hospitals identi-
fied an indeterminate range classifying MI based on a
higher threshold than the guideline-recommended ap-
proach [1-3,20]. In this context, many microsize MIs
may be difficult to recognize clinically.
Although our study was not able to examine the pro-

portion of microsize MIs missed clinically by treating
physicians as a result of hospital reporting practices, it is
likely that some of these events were in fact not treated
iations between having a microsize versus usual MI

ios Adjusted odds ratios (95% Confidence interval) P-value

1.62 (1.06, 2.48) 0.03

0.94 (0.62, 1.44) 0.78

1.15 (0.76, 1.73) 0.52

1.19 (0.78, 1.81) 0.43

1.63 (1.11, 2.39) 0.01

0.52 (0.24, 1.10) 0.09

0.78 (0.52, 1.16) 0.22

0.69 (0.47, 1.00) 0.05

istical significance.
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Figure 1 Adjusted mortality for acute coronary syndrome without MI, microsize MI, and usual MI patients ACS=Acute Coronary
Syndrome. ACS without MI=ACS with peak troponin below upper limit of normal (ULN) and adjudicated as no myocardial infarction (MI).
Microsize MI=adjudicated MI with peak troponin above ULN but less than 5 times ULN. Usual MI=adjudicated MI with peak troponin 5 or more
times above ULN. All mortality rates include only those surviving the previous period; e.g., 28-day mortality includes only those discharged alive.
Total number of deaths: ACS without MI (in-hospital = 0, 28-day = 5, 1-year = 11); Microsize MI (in-hospital = 2, 28-day = 7, 1-year = 12); Usual MI
(in-hospital = 7, 28-day = 12, 1-year = 15). ACS w/o MI vs. Microsize MI: In-Hospital p = 0.02 28-Day p = 0.26 1-Year p = 0.02. ACS w/o MI vs. Usual
MI: In-Hospital p < 0.01 28-Day p = 0.11 1-Year p = 0.02. Microsize MI vs. Usual MI: In-Hospital p = 0.09 28-Day p = 0.93, 1-Year p = 0.64.
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as MI. The potential misclassification of microsize MIs
as “normal” has significant long-term prognostic impli-
cations. The higher long-term mortality risk we observed
for those suffering microsize MIs was similar to past re-
ports in which the in-hospital risks were low, but by one
month and one year were similar to those with usual
MIs [21,22]. This finding underscores both the import-
ance of long-term risk factor management in patients
with microsize MIs and the relatively low short-term
risks [1-4,21,23-26].
A recent report from Scotland illustrates the clinical

importance of detecting microsize MIs [22]. Investiga-
tors at the Royal Infirmary in Edinburgh took advantage
of the introduction of a more sensitive troponin assay to
study clinical management and outcomes among indi-
viduals analogous to our microsize MI group. In their
study, the focus was on individuals whose peak troponin
elevations were above the threshold for the new assay
(0.05) and below the threshold for the older, less sensi-
tive assay (0.20), both before and after changes in lab re-
ports. They found that, after introduction of the lower
decision threshold on lab reports, secondary preven-
tive measures increased by 15-30% in the microsize MI
group but remained similar for those in the usual MI or
no MI groups. They also reported reductions in clinical
outcomes, including the rate of MIs and deaths at 3 and
12 months in the group with microsize MIs after intro-
duction of the lower threshold on lab reports. While this
is an observational study from a single site, it does pro-
vide evidence of the potential impact of appropriate
troponin reporting to optimize clinical management.
These findings together with our results suggest that
improved reporting of hospital troponin results in the
US is warranted; the US now has a system of public
accountability for the quality of health care that provides
a ready infrastructure to enact rapid change. A quality
indicator assessing whether the recommended decision
threshold is clearly identified on laboratory reports and
assessing whether indeterminate ranges are used could
be added rapidly to standards for accreditation by the
Joint Commission or to the Centers for Medicare and
Medicaid Services’ pay-for-performance programs, such
as the Premier Hospital Quality Incentive Demonstra-
tion [27,28].
Our study included a large proportion of black partici-

pants, which has not been the case in previous reports
stemming from non-US samples [21]. Our finding that
black participants had 62% higher odds for microsize
MIs raises concerns that some microsize MIs among
black individuals may not be recognized clinically. In-
deed, the last decade has demonstrated a concerning
widening of the CHD mortality disparity between black
and white people in the US, with white mortality rates
declining faster than black rates [29]. Similar to past re-
ports, we found that those with a past history of CHD
were also more likely to be in the microsize MI group
[21]. The clinical consequences of overlooking a microsize
MI in individuals with a history of CHD may be mini-
mized because many such patients may already be receiv-
ing secondary prevention, including aggressive smoking
cessation counseling, lipid management, beta blockers, or
anti-platelet therapy. On the other hand, as many as half
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of individuals on chronic disease preventive therapies dis-
continue their medications [30-32]; thus, an overlooked
microsize MI may translate into a missed opportunity to
redouble secondary preventive efforts in these individuals.
Our study’s limitations include our inability to examine

how many cases classified as microsize MI by our rigorous
adjudication methods were also recognized as MI by the
treating physicians. We also did not have available the
99th percentile or 10% CV value at each hospital at the
time of the event. Like other large epidemiology studies,
we had to rely on clinical laboratories from many hospitals
to classify MI and, given the variations we described, it is
possible that, while state-of-the art and rigorous, the adju-
dication process under-detected some microsize MIs. This
challenge would bias our results towards finding less dif-
ference in mortality rates than may actually exist; thus, the
mortality risks we describe may underestimate the true
risks. Our team of experts only classified events as MI if
there was a clear rising and/or falling pattern of troponin,
and perennial low level elevations seen in conditions such
as heart failure or renal failure would therefore not have
been classified as MI; however, it is possible that some
misclassification could have occurred. Unfortunately, this
study was not designed to detect differences in clinical
management in microsize and usual MIs, but recent re-
ports suggest that this may be an important issue [33]. Fu-
ture studies should examine what proportion of microsize
MIs were not managed as acute MIs. Another limitation
is the context of a national epidemiologic cohort study;
thus, participants may not be representative of the US
population. Although we included 649 hospitals, they may
not be representative of all US acute care hospitals. In
addition, event accrual may permit future analyses of
CHD or cardiovascular disease deaths, in contrast to the
all-cause mortality we used in this study.

Conclusions
Many US hospital laboratories did not report 99th per-
centiles or 10% CV levels in their troponin reports as
recommended by national and international guidelines,
complicating the detection of microsize MIs. This may
result in misclassification of some individuals with MI,
preventing optimal clinical management. Our study con-
firms the excess risks associated with microsize MI de-
scribed in other populations, emphasizing the importance
of recognizing these cases clinically. Prompt attention to
improving the quality of hospital laboratory reporting of
patient troponin results is warranted.
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Additional file 1: Commercially available troponin assays
obtained from the International Federation of Clinical Chemists,
2006-200815,17.
Abbreviations
ACS: Acute coronary syndrome; CHD: Coronary heart disease; CK: Creatine
kinase; CV: Coefficient of variation; ECG: Electrocardiogram; HDL-C: High
density lipoprotein cholesterol; IFCC: International Federation of Clinical
Chemists; LDL-C: Low-density lipoprotein cholesterol; MI: Myocardial
infarction; REGARDS: REasons for Geographic And Racial Differences in
Stroke; ULN: Upper limit of normal; WHO: World Health Organization.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MS conceived of the study, participated in its design, adjudicated endpoints,
and drafted the manuscript. GP participated in the study design, carried
out the analyses and helped to draft the manuscript. CB participated in the
study design, collected data, and helped to draft the manuscript. JH
adjudicated endpoints and helped with critical redaction of the manuscript.
TM conceived of the study, participated in its design, adjudicated endpoints,
and critically revised the manuscript. SG adjudicated endpoints and helped
with critical redaction of the manuscript. DG conceived of the study,
participated in its design and critically redacted the manuscript. RP
conceived of the study, participated in its design and critically redacted
the manuscript. All authors read and approved the final manuscript.

Acknowledgements
The authors thank the other investigators, the staff, and the participants of
the REGARDS study for their valuable contributions. A full list of participating
REGARDS investigators and institutions can be found at http://www.
regardsstudy.org.
The contributions of all authors were funded by the REGARDS study,
which is supported by NIH R01 HL80477-01A1 from the National Heart, Lung,
and Blood Institute and U01 NS041588 from the National Institute of
Neurological Disorders and Stroke, National Institutes of Health, U.S.
Department of Health and Human Services. The content is solely the
responsibility of the authors and does not necessarily represent the official
views of the National Heart, Lung, and Blood Institute, the National Institute
of Neurological Disorders and Stroke, or the National Institutes of Health.
Representatives of the funding agency have been involved in the review of
the manuscript but not directly involved in the collection, management,
analysis, or interpretation of the data. Additional funding was provided by an
investigator-initiated grant-in-aid from Amgen Corporation. Amgen did not
have any role in the design and conduct of the study; the collection,
management, analysis, or interpretation of the data; or the preparation or
approval of the manuscript.

Author details
1Division of Preventive Medicine, University of Alabama at Birmingham
School of Medicine, Medical Towers 621, 1717 11th Avenue South,
Birmingham, AL 35294-4410, USA. 2Colorado School of Public Health,
Building 500, 3rd Floor, Suite 300, Anschutz Medical Campus, Aurora, CO
80045, USA. 3Department of Epidemiology & Prevention, Wake Forest
University School of Medicine, Medical Center Boulevard, Winston-Salem, NC
27157-1063, USA. 4Division of Cardiovascular Disease, University of Alabama
at Birmingham School of Medicine, 701 19th Street South, Birmingham, AL
35294-0007, USA.

Received: 9 April 2012 Accepted: 26 April 2013
Published: 1 May 2013

References
1. Thygesen K, Alpert JS, White HD: Universal definition of myocardial

infarction. J Am Coll Cardiol 2007, 50(22):2173–2195.
2. Thygesen K, Alpert JS, White HD: Universal definition of myocardial

infarction. Eur Heart J 2007, 28(20):2525–2538.
3. Thygesen K, Alpert JS, White HD, Jaffe AS, Apple FS, Galvani M, Katus HA,

Newby LK, Ravkilde J, Chaitman B, et al: Universal definition of myocardial
infarction. Circulation 2007, 116(22):2634–2653.

4. Luepker RV, Apple FS, Christenson RH, Crow RS, Fortmann SP, Goff D,
Goldberg RJ, Hand MM, Jaffe AS, Julian DG, et al: Case definitions for acute
coronary heart disease in epidemiology and clinical research studies: A
statement from the AHA Council on Epidemiology and Prevention, AHA

http://www.biomedcentral.com/content/supplementary/1472-6963-13-162-S1.doc
http://www.regardsstudy.org
http://www.regardsstudy.org


Safford et al. BMC Health Services Research 2013, 13:162 Page 7 of 7
http://www.biomedcentral.com/1472-6963/13/162
Statistics Committee, World Heart Federation Council on Epidemiology
and Prevention, European Society of Cardiology Working Group on
Epidemiology and Prevention, Centers for Disease Control and
Prevention, and the National Heart Lung and Blood Institute. Circulation
2003, 108(20):2543–2549.

5. Hochholzer W, Buettner HJ, Trenk D, Laule K, Christ M, Neumann FJ,
Mueller C: New definition of myocardial infarction: impact on long-term
mortality. Am J Med 2008, 121(5):399–405.

6. Mueller C, Neumann FJ, Perruchoud AP, Zeller T, Buettner HJ: Prognostic
value of quantitative troponin T measurements in unstable angina/non-
ST-segment elevation acute myocardial infarction treated early and
predominantly with percutaneous coronary intervention. Am J Med 2004,
117(12):897–902.

7. Ohman EM, Armstrong PW, Christenson RH, Granger CB, Katus HA, Hamm
CW, O’Hanesian MA, Wagner GS, Kleiman NS, Harrell FE Jr, et al: Cardiac
troponin T levels for risk stratification in acute myocardial ischemia.
GUSTO IIA Investigators. N Engl J Med 1996, 335(18):1333–1341.

8. Antman EM, Tanasijevic MJ, Thompson B, Schactman M, McCabe CH,
Cannon CP, Fischer GA, Fung AY, Thompson C, Wybenga D, et al: Cardiac-
specific troponin I levels to predict the risk of mortality in patients with
acute coronary syndromes. N Engl J Med 1996, 335(18):1342–1349.

9. Pham HH, Schrag D, Hargraves JL, Bach PB: Delivery of preventive services
to older adults by primary care physicians. JAMA 2005, 294(4):473–481.

10. Alpert JS, Malasky BR, Thygesen K: Redefining myocardial infarction for the
21st century. Trans Am Clin Climatol Assoc 2004, 115:79–96.

11. Alpert JS, Thygesen K: A call for universal definitions in cardiovascular
disease. Circulation 2006, 114(8):757–758.

12. Alpert JS, Thygesen K: A new global definition of myocardial infarction for
the 21st century. Pol Arch Med Wewn 2007, 117(11–12):485–486.

13. Alpert JS, Thygesen K, Antman E, Bassand JP: Myocardial infarction
redefined–a consensus document of The Joint European Society of
Cardiology/American College of Cardiology Committee for the
redefinition of myocardial infarction. J Am Coll Cardiol 2000,
36(3):959–969.

14. Alpert JS, Thygesen K, Jaffe A, White HD: The universal definition of
myocardial infarction: a consensus document: ischaemic heart disease.
Heart 2008, 94(10):1335–1341.

15. International federation of Clinical Chemistry and Laboratory Medicine. Analytic
characteristics of commerical cardiac troponin I and T assays as stated by
manufacturer (version October 2008). http://www.ifcc.org/media/102202/
IFCC_Troponin_Table_vDec_2010_FINAL_ug_L_28Jan11.pdf,
accessed May 6, 2013.

16. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS: Population trends
in the incidence and outcomes of acute myocardial infarction. N Engl J
Med 2010, 362(23):2155–2165.

17. McManus DD, Gore J, Yarzebski J, Spencer F, Lessard D, Goldberg RJ: Recent
trends in the incidence, treatment, and outcomes of patients with STEMI
and NSTEMI. Am J Med 2011, 124(1):40–47.

18. Howard VJ, Cushman M, Pulley L, Gomez CR, Go RC, Prineas RJ, Graham A,
Moy CS, Howard G: The reasons for geographic and racial differences in
stroke study: objectives and design. Neuroepidemiology 2005, 25(3):135–143.

19. International Federation of Clinical Chemistry and Laboratory Medicine.
C-SMCD Cardiac Troponin Assays. http://www.ifcc.org/media/102199/
IFCC_Troponin_Table_vDec_2010_FINAL_ng_L_28Jan11.pdf,
accessed May 6, 2013.

20. Morrow DA: Evidence-based decision limits for cardiac troponin:
low-level elevation and prognosis. Am Heart J 2004, 148(5):739–742.

21. Urban P, Radovanovic D, Erne P, Stauffer JC, Pedrazzini G, Windecker S,
Bertel O: Impact of changing definitions for myocardial infarction: a
report from the AMIS registry. Am J Med 2008, 121(12):1065–1071.

22. Mills NL, Churchhouse AM, Lee KK, Anand A, Gamble D, Shah AS, Paterson
E, MacLeod M, Graham C, Walker S, et al: Implementation of a sensitive
troponin I assay and risk of recurrent myocardial infarction and death
in patients with suspected acute coronary syndrome. JAMA 2011,
305(12):1210–1216.

23. Eggers KM, Lagerqvist B, Venge P, Wallentin L, Lindahl B: Persistent cardiac
troponin I elevation in stabilized patients after an episode of acute
coronary syndrome predicts long-term mortality. Circulation 2007,
116(17):1907–1914.
24. Zethelius B, Johnston N, Venge P: Troponin I as a predictor of coronary
heart disease and mortality in 70-year-old men: a community-based
cohort study. Circulation 2006, 113(8):1071–1078.

25. Waxman DA, Hecht S, Schappert J, Husk G: A model for troponin I as a
quantitative predictor of in-hospital mortality. J Am Coll Cardiol 2006,
48(9):1755–1762.

26. Newby LK, Alpert JS, Ohman EM, Thygesen K, Califf RM: Changing the
diagnosis of acute myocardial infarction: implications for practice and
clinical investigations. Am Heart J 2002, 144(6):957–980.

27. Accountability Measaures. A New Concept to Promote Quality Improvement.
http://www.jointcommission.org/accountability_measures.aspx,
accessed May 6, 2013.

28. Premier Hospital Quality Incentive Demonstration. http://www.cms.gov/
Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQuality
Inits/index.html?redirect=/hospitalqualityinits, accessed May 6, 2013.

29. CDC Wonder Compressed Mortality File. [http://wonder.cdc.gov/mortsql.html].
30. Hugtenburg JG, Blom AT, Kisoensingh SU: Initial phase of chronic

medication use; patients’ reasons for discontinuation. Br J Clin Pharmacol
2006, 61(3):352–354.

31. Spertus JA, Kettelkamp R, Vance C, Decker C, Jones PG, Rumsfeld JS,
Messenger JC, Khanal S, Peterson ED, Bach RG, et al: Prevalence, predictors,
and outcomes of premature discontinuation of thienopyridine therapy
after drug-eluting stent placement: results from the PREMIER registry.
Circulation 2006, 113(24):2803–2809.

32. Ho PM, Spertus JA, Masoudi FA, Reid KJ, Peterson ED, Magid DJ,
Krumholz HM, Rumsfeld JS: Impact of medication therapy discontinuation
on mortality after myocardial infarction. Arch Intern Med 2006,
166(17):1842–1847.

33. Halim SA, Mulgund J, Chen AY, Matthew TR, Peterson ED, Gibler WB,
Ohman EM, Newby LK: Use of guidelines-recommended management
and outcomes among women and men with low-level troponin
elevation. Circ Cardiovasc Qual Outcomes 2009, 2(3):199–206.

doi:10.1186/1472-6963-13-162
Cite this article as: Safford et al.: Hospital laboratory reporting may be a
barrier to detection of ‘microsize’ myocardial infarction in the US: an
observational study. BMC Health Services Research 2013 13:162.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.ifcc.org/media/102202/IFCC_Troponin_Table_vDec_2010_FINAL_ug_L_28Jan11.pdf
http://www.ifcc.org/media/102202/IFCC_Troponin_Table_vDec_2010_FINAL_ug_L_28Jan11.pdf
http://www.ifcc.org/media/102199/IFCC_Troponin_Table_vDec_2010_FINAL_ng_L_28Jan11.pdf
http://www.ifcc.org/media/102199/IFCC_Troponin_Table_vDec_2010_FINAL_ng_L_28Jan11.pdf
http://www.jointcommission.org/accountability_measures.aspx
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/index.html?redirect=/hospitalqualityinits
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/index.html?redirect=/hospitalqualityinits
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/index.html?redirect=/hospitalqualityinits
http://wonder.cdc.gov/mortsql.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analyses

	Results
	Variations in hospital laboratory troponin reporting
	Clinical implications of microsize MI

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


