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Abstract

Background: Cardiac troponin detected with sensitive assays can be chronically elevated, in the absence of unstable coro@
syndromes. In patients with chronic coronary artery disease, clinically silent ischemic episodes may cause chronic troponin
release. T1 mapping is a cardiovascular magnetic resonance technique useful in quantitative cardiac tissue characterization. We
selected patients with anatomically and functionally normal hearts to investigate associations between chronic troponin release
and myocardial tissue characteristics assessed by T1 mapping.

Methods: We investigated the relationship between cardiac troponin | concentrations and cardiovascular magnetic resonance
T1 mapping parameters in patients with stable coronary artery disease enrolled in MASS V study before elective revascularization.
Participants had no previous myocardial infarction, negative late gadolinium enhancement, normal left ventricular function,
chamber dimensions and wall thickness.

Results: A total of 56 patients were analyzed in troponin tertiles: nativeT1 and extracellular volume (ECV) values (expressed as
means + standard deviations) increased across tertiles: nativeT1 (1006 + 27 msvs 1016 + 27 ms vs 1034 + 37 ms, ptrend = 0.006)
and ECV (22 + 3% vs 23 + 1.9% vs 25 + 3%, ptrend = 0.007). Cardiac troponin | concentrations correlated with native T1(R = 0.33,
P =.012) and ECV (R=0.3, P =.025), and were independently associated with nativeT1 (P =.049) and ventricular mass index
(P = .041) in multivariable analysis.

Conclusion: In patients with chronic coronary artery disease and structurally normal hearts, troponin | concentrations correlated
with T1 mapping parameters, suggesting that diffuse edema or fibrosis scattered in normal myocardium might be associated with
chronic troponin release.

Abbreviations: CAD = coronary artery disease, CMR = cardiovascular magnetic resonance, cTnl = cardiac troponin |, ECV =
extracellular volume, LGE = late gadolinium enhancement, LV = left ventricle.

Keywords: cardiac troponin, cardiovascular magnetic resonance (CMR), chronic coronary artery disease, chronic troponin eleva-
tion, stable angina, T1 mapping
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1. Introduction

In stable patients, detectable troponin concentrations (above
the limit of detection and beyond the 99% percentile)!'! have
become common with high sensitivity assays?! and are associ-
ated with the presence of coronary artery disease (CAD)B! and
the incidence of cardiovascular death, heart failure,*’! and all-
cause mortality.”! Different mechanisms of chronic troponin
release have been described in patients with structural heart
disease (stretch related injury, altered calcium metabolism)?”!
and normal ventricular structure (inflammation and demand
ischemia).[®! Specifically in patients with chronic coronary artery
disease, clinically silent ischemic episodes, due to small vessel
occlusion!® and plaque microembolization” may cause chronic
troponin release. If these ischemic episodes would cause edema
or focal areas of fibrosis, a very sensitive imaging method like
cardiovascular magnetic resonance (CMR) could detect these
subtle tissue alterations,'” and find tissue clues of chronic tro-
ponin release.

Late gadolinium enhancement (LGE) by CMR is an accu-
rate method to detect myocardial fibrosis.'!! However, LGE
techniques have limitations in patients with diffuse myocardial
damage.""” Innovations in CMR allow the acquisition of quan-
titative measures of myocardial and blood T1, visualized as a T1
map: native T1 obtained before gadolinium administration can
detect and quantify diffuse and focal pathological processes.!’!
Contrast T1 composed of images obtained after gadolinium
administration can be subtracted from native T1 to assess the
myocardial extracellular volume (ECV) that corresponds to
gadolinium distribution,* enabling the detection of intersti-
tial edema and fibrosis,'! and infarction areas in patients with
chronic coronary artery disease.!'! Therefore, T1 mapping and
ECV can detect subtle alterations in otherwise normal hearts,
differentiating between cellular and interstitial alterations. by
T1 mapping has been shown to be relevant in risk stratification
in chronic CAD patients,

Prognostic relevance (above risk scores and left ventricular
ejection fraction) of T1 mapping characterization of nonin-
farcted myocardium (areas without LGE) has also been demon-
strated in chronic CAD patients: native T1 was an independent
predictor of all-cause mortality and the association of native T1
(noninfarcted) and LGE (extent), in a model that avoided mul-
ticollinearity, was an independent predictor of MACCE (car-
diac mortality, nonfatal acute coronary syndrome, stroke, and
appropriate device discharge).'”! The prognostic relevance of
T1 mapping has also been demonstrated, in a 4-years follow-up
study after acute ST-segment elevation myocardial infarction:
both infarcted and noninfarcted T1 were independent predic-
tors of MACE (cardiac death, sustained ventricular arrhythmia,
and new-onset heart failure) and significantly improved risk
prediction beyond left ventricular ejection fraction, infarct size,
and microvascular obstruction.!®!

In summary, in stable patients, chronic troponin elevation
is common, and may have prognostic value.”*! T1 mapping
in infarcted and noninfarcted myocardium areas has also been
demonstrated to have prognostic relevance.!'>'$! In structurally
normal hearts, the mechanism of chronic troponin release and
its prognostic relevance may be associated with scattered myo-
cardial tissue alterations that can be assessed by CMR T1 map-
ping and were not previously appreciated with conventional
methods. This possible association has not yet been investigated
and may help to understand the anatomical substrate for tropo-
nin elevation in chronic patients.

2. Methods
2.1. Patients

The patients included in this study, were selected from the
MASS V trial which compared biomarkers and CMR before
and after coronary revascularization procedures. Patients
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included had multivessel CAD, stable angina symptoms, and
normal left ventricular ejection fraction with a formal indica-
tion for revascularization.!"”!

In the present study, we analyzed troponin I concentrations
in association with CMR T1 parameters before the proposed
intervention. Previous myocardial infarction was not an exclu-
sion criterion in the MASS V study. A scar from a previous
myocardial infarction and detectable LGE can alter troponin
concentrations and ECV,?" therefore, we excluded all patients
with detectable LGE by CMR in this analysis (n = 42). Patients
with hypertrophic, infiltrative, Chagas disease or any other kind
of cardiomyopathy were also excluded.

The study conformed to the guidelines set out in the
Declaration of Helsinki, and all participants gave written
informed consent. The Institutional Ethics Committee of the
University of Sdo Paulo approved the study.

2.2. Laboratory analysis

Blood samples were collected from each patient before the revas-
cularization procedure was undertaken. Glucose, total choles-
terol, HDL-cholesterol, LDL cholesterol, triglycerides, High
Sensitivity C-reactive protein, and CKMB were determined with
standard procedures.

Cardiac troponin I was determined using the ADVIA Centaur
Tnl-Ultra kit (Siemens Healthcare Diagnostics, NY) in the
automated equipment of the same manufacturer. The test is an
immunoassay that uses a direct chemiluminescence technology
and constant amounts of 2 monoclonal antibodies. An increased
troponin I concentration was defined as a value exceeding the
limit of detection of the method and below the 99" of a ref-
erence population. According to the manufacturers, the detec-
tion limit is 6 ng/L, and the population reference value at the
99 percentile is 40ng/L, the coefficient of variation is < 10%
at the 99* percentile. Siemens Advia Centaur ultra-troponin I
kit is designated as a contemporary or level 1 troponin assay,
corresponding to <50% of normal individuals with detectable
troponin concentrations.?!!

2.3. Cardiovascular magnetic resonance protocol

CMR examinations were performed using a clinical 1.5T scan-
ner (Philips Achieva, Best, The Netherlands). Standard cine-im-
aging with steady state free precession pulse was used to acquire
left ventricle (LV) short-axis images for quantification of ven-
tricular volumes, mass and function. Late gadolinium enhance-
ment was also performed using standard segmented IR prepared
gradient-echo sequence 10 to 15 minutes after an intrave-
nous bolus injection (0.1 mmol/kg) of Gadoterate meglumine
Gd-DOTA (Guerbet SA, France). T1 mapping was performed
using an ECG-triggered single-shot modified look-locker inver-
sion recovery sequence with a 3 (3) 3 (3) 5 sampling pattern
and the following parameters: slice thickness 10 mm, field of
view 300 x 300 mm, ACQ matrix (read-out x phase-encodings)
152 x 150, flip angle 40, minimum TI 60ms, inversion-time
increment 150 ms. A mid modified look-locker inversion recov-
ery short-axis image was acquired prior, and 15 minutes after
the intravenous bolus of contrast.

2.4. Image post-processing

CMR images were analyzed using the CVI42 software (Circle
Cardiovascular Imaging Inc. Calgary, Canada) by experienced
imaging experts (AVV, AA]J, JP) who were unaware of clinical
or laboratory data. End systolic, end-diastolic LV volumes, LV
mass and LV ejection fraction were calculated using standard
methods. For T1, a region of interest was manually drawn at
mid-ventricular level, sufficiently far from tissue interfaces, for
both myocardial and LV cavity blood, as depicted in Figure 1.
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The Extracellular volume was calculated using native and con-
trast T1 values, and hematocrit, which was drawn simultane-
ously with the CMR study.

2.5. Statistical analysis

Variables are expressed as means = SD and frequency (percent-
age). Normality assumption was assessed graphically using QQ
plot. Patients were split in tertiles of troponin I concentrations.
Differences across tertiles were assessed using 1-way analysis of
variance (ANOVA) for normally distributed variables, Kruskal-
Wallis for variables with non-normal distribution and chi-
square for proportions.

Correlations between troponin I concentrations and T1
mapping parameters were determined using Spearman cor-
relation coefficient. A multivariable linear regression analysis
was performed to investigate the association between troponin
concentrations and native T1/ECV adjusted for age and sex,?!
as well as for the significant variables found in the univariate
model. Since native T1 and ECV are correlated (multicollinear-
ity), results for both variables were analyzed in 2 different
multivariable models. All statistical analyses were performed
using R version 3.5.3 (R Foundation for Statistical Computing,
Vienna, Austria) and a P value < .05 was considered statisti-
cally significant.

3. Results

From a total of 202 patients who underwent CMR, T1 mapping
was performed in 98 patients and 56 (mean age 63 = 8 years,
68% male) with negative LGE were selected for the current
study. A total of 37 (66%) of the patients had detectable tropo-
nin concentrations (above 0.006 mg/dL).

Baseline characteristics across troponin tertiles are shown in
Table 1. Diabetes mellitus prevalence was higher in tertiles 2
and 3 compared to tertile 1 (P =.003). LV volumes and func-
tion were similar across tertiles. LV mass increased across
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tertiles with a marginally significant P = .062. ECV and native
T1 (expressed as means = standard deviations) increased in
a stepwise fashion across cardiac troponin I (cTnl) tertiles:
ECV (22+3% vs 23+1.9% vs 25=3%, ptrend = 0.007)
and nativeT1 (1006 = 27ms vs 1016 + 27 ms vs 1034 = 37 ms,
ptrend = 0.006), as illustrated in Figure 2. Cardiac dimensions
and function determined by CMR were within the normal range
of the method used.!’!

Figure 3 displays the correlations between troponin concen-
trations and ECV (R = 0.30, P = .025) and native T1 (R = 0.33,
P =.012). As depicted in Table 2, in univariable linear regression
analysis, cTnl concentrations, assessed as a continuous variable,
were significantly associated with ECV (P =.049), native T1
(P =.012), and LV mass index (P = .014). In multivariable linear
regression analysis troponin concentrations were independently
associated with LV mass index (P =.041) native T1 (model 1,
P =.049) but not with ECV (model 2).

The main idea of this study and its results are shown in
Figure 4.

4. Discussion

In the present study, we evaluated 56 patients with stable, mul-
tivessel CAD, normal ventricular chamber dimensions, normal
wall thickness, and negative LGE by CMR. The specific contri-
bution of this study is to show that among patients with struc-
turally normal hearts, differences detected by T1 mapping CMR
were still found across troponin tertiles as reflected by higher
ECV and native T1 and an independent association with LV
mass index and native T1. Therefore, focal areas of edema or
fibrosis in myocardial cells or interstitium might be associated
with troponin elevation.

Previous studies that investigated T1 mapping and troponin
analyzed patients with myocardial scars.*** In this study, we
selected stable patients without detectable LGE and normal car-
diac chambers size and function, to investigate troponin release
in the absence of myocardial scars. In this setting, this is the first

-

Figure 1. T1 mapping - mid-ventricular wall. (A) MOLLI sequence acquisition. (B) LV planimetry. (C) Normal 4 chamber view LGE image. (D, E) T1 mapping.
(F, G) T1 mapping Graph Normal SA LGE image. LGE = late gadolinium enhancement, LV = left ventricle, MOLLI = modified look-locker inversion recovery.
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Patient’s baseline characteristics across troponin tertiles.

All patients Tertile 1 Tertile 2 Tertile 3 Pvalue
(n = 56) (n=19) (n=19) (n=18)
Clinical
Age, yr 64 +8 64 +8 62 +7 65+9 513
Male, n (%) 38 (68) 13 (69) 12 (58) 14 (78) 629
BMI, kg/m2 28+5 30+4 27 +4 28+6 148
Diabetes mellitus, n (%) 30 (54) 3(27.3) 15 (62.5) 11 (52.4) .003
Hypertension, n (%) 31 (55) 9 (47) 12 (63) 10 (56) .619
Current - previous smoking, n (%) 32 (57) 13 (68) 10 (53) 12 (67) 546
Laboratory
CRP, mg/L (M, 1Q) 3.77 (1.80-7.04) 4.27 (2.29-7.09) 2.04 (1.41-5.32) 5.58 (2.58-13.54) >.05
CK, U/L (M, 1Q) 94,5 (74.5-176.3) 95 (76.5-136.5) 95 (75-152.5) 91.5(67.5-119.3) >.05
CKMB, U/L (M, 1Q) 1.27 (0.72-1.73) 1.41 (0.69-1.80) 1.24 (0.9-1.66) 1.27 (0.74-1.79) >.05
Hematocrit, % (M, 1Q) 43 (40-46,25) 45.0 (40.5-47) 42.0 (40.0-45.5) 42.5 (41.0-45.0) >.05
Cr, mg/dL (M, 1Q) 1.0 (0.89-1.10) 0.97 (0.91-1.07) 1.00 (0.83-1.08) 1.03(0.91-1,18) >.05
CMR
Septum, mm 95+17 91+12 96+1.8 95+1.38 .607
LA, mm 34+5 33+5 35+4 36+6 191
LVEDV index, ml/m2 67 =20 65 + 21 63«12 72 £24 .357
LVESV index, ml/m2 23+ 11 23+13 21+6 25+12 537
LVEF, % 66 +8 67+9 67«6 65+9 691
LV mass index, ml/m2 63+ 16 59 +10 61«17 70«16 .062
Native T1, ms 1019 + 32 1006 + 27 1016 + 27 1034 + 37 025
Contrast T1, ms 479 + 47 472 + 41 475 + 44 492 + 57 397
ECV, % 24 +3 22+2 23+19 25+3 .001

BMI = body mass index, CCS = Canadian Cardiovascular Society, CMR = cardiovascular magnetic resonance, ECV = extracellular volume fraction, eGFR = estimated glomerular filtration rate, LA = left
atrium, LV = left ventricle, LVEDV = Left ventricular end—diastolic volume, LVESV = Left ventricular end systolic volume.
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extracellular volume.

study to show an association between chronic troponin release,
ECV, and native T1 by CMR.

Consistent with our findings, other studies have also found
an association between myocardial damage detected with
different CMR techniques and high sensitivity troponin ele-
vation. In patients with hypertrophic cardiomyopathy ana-
lyzed with CMR T2-weighted imaging there was correlation
between myocardial injury and high sensitivity troponin T

levels.l?s! In patients initially free of cardiovascular disease
who underwent serial cardiovascular magnetic resonance with
late gadolinium enhancement, there was an association of
high sensitivity troponin T levels with progressive fibrosis.!”
It is possible that the current study findings with T1 map-
ping detect the very initial phase of this fibrosis process. The
mechanism of diffuse myocardial damage might also explain
the independent association of high sensitivity troponin I
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Figure 3. Correlations between troponin concentrations and T1 mapping parameters.

Univariable and multivariable linear regression analysis for troponin concentrations.

Univariable Model 1 Model 2
Estimate (95% CI) Estimate (95% CI) Estimate (95% Cl)
Pvalue Pvalue Pvalue
Aget 0.15(-0.22 10 0.53) 0.12 (-0.24 t0 0.49) 0.14 (-0.22 10 0.51)
P=.429 P=.520 P= 447
Female —0.26 (-0.92 10 0.38) —0.26 (-0.92 t0 0.39) —0.09 (-0.80 10 0.63)
P=.426 P=.434 P=.822
Diabetes 0.30 (-0.31t0 0.91)
P=.335
Hypertension 0.21(-0.40 10 0.83)
P=.496
Smoking 0.31(-0.32 10 0.93)
P=.343
BMI* -0.17 (-0.49 10 0.15)
P=.293
LVEF* 0.02 (-0.17 to —0.21)
P=.865
LV mass indext 0.24 (0.05 t0 0.43) 0.21(0.01t00.41) 0.17 (-0.05 10 0.39)
P=.014 P=.041 P=.139
Native T1% 0.60 (0.15 t0 1.06) 0.49 (0.01t0 0.99)
P=.012 P=.049
ECV* 0.55(0to1.11) 0.36 (-0.2510 0.97)
P=.049 P=.253

ECV = extracellular volume, LV = left ventricle.
* 5 units increase.

1 10 units increase.

1 50 units increase.

levels and incident heart failure in the general population.?®!
Diffuse myocardial injury detected by T1 mapping is associ-
ated with subtle ventricular dysfunction in diabetic patients?’!
and diastolic dysfunction in those with hypertrophic cardio-
myopathy,* associations that might also help to understand
the worse clinical prognosis of stable CAD patients even with
minor troponin I releases.®!! As a future perspective, studies

in chronic patients that associate high sensitivity troponin, T1
and T2 mapping may improve risk stratification and help to
predict prognosis in the long-term.

Diabetes mellitus prevalence was higher in troponin tertiles
2 and 3 compared to tertile 1. This finding is consistent with
the importance of diabetes mellitus as a predictor of chronic
troponin elevation in the general population® but also defines
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Figure 4. Chronic troponin elevation assessed by myocardial T1 mapping in coronary artery disease.

a subset of patients at a higher risk of cardiovascular events:
chronic troponin elevation in diabetic patients is associated with
the presence of CAD,P! with an increased risk of cardiovascu-
lar death, myocardial infarction and cardiovascular death,’
and with all-cause death, myocardial infarction and stroke in
patients with limb ischemia with and without CAD.’* In this
higher risk group of patients, there is an increase in native T1
and ECV which can be caused by the summed damage of CAD,
in epicardial coronary arteries and microvascular disease associ-
ated with diabetes mellitus.*! A similar association was shown
in another study in which a subset of patients with preserved
ventricular function increased ECV and high troponin and brain
natriuretic peptide concentrations were at higher risk of inci-
dent heart failure hospitalization, and death from any cause.?’!

Although ECV had a consistent correlation with troponin
increase, it was not associated with troponin concentrations in
multivariable analysis. The probable reason for this lack of asso-
ciation is the relatively small number of patients. However, it is
also possible that chronic troponin elevation is more strongly
associated with changes at the cellular level in cardiomyocytes,
as reflected by increasing native T1. The lack of a T2 mapping
sequence is a limitation of this study to a better interpretation
of ECV.

There was also a consistent association of troponin elevation
with left ventricular mass. As 55% of the patients were hyper-
tensive and ventricular hypertrophy is associated with tropo-
nin elevation,® this is not an unexpected finding. However, it
is important to note that ventricular mass measurements were
within the normal range, which indicates that troponin is a bio-
marker of subtle alterations in myocardial structure.

Limitations to this study are the small number of patients
evaluated, and the relatively small number of patients with T1
mapping in the MASS V study. T1 mapping was not a predeter-
mined measurement in the MASS V study, which used cardiovas-
cular magnetic resonance with late gadolinium enhancement to
detect myocardial infarction. Previous myocardial infarction was
neither an exclusion criterion if it did not compromise ventricu-
lar function. These factors may have led to a relatively small final
number of patients with T1 mapping and LGE negative CMR.

Another possible criticism is that ECV values determined in
our stable CAD patients were similar to those found in normal
individuals in other studies. Reported values of ECV in normal
myocardium are in the range of 24% to 28%,” but this range
may be broader, between 22% and 32 %, or narrower, between
21.7% and 26.2%.5% These values may vary according to the
equipment and specific technique used.?! The lack of a control
group to determine normal ECV values with the method used is
a limitation of this study. Despite, there was a stepwise increase
in ECV values across troponin tertiles, and the modest differences
are consistent with differences found in another study.*! It is also
important to notice that to quantify T1 values with current tech-
niques, a region of interest is drawn in a ventricular slice. This
specific region is a sample, and its alterations may not correspond
to the whole left ventricle characteristics,'*!! nevertheless, MASS
VI study included patients with multivessel disease who have
diffuse ischemia and probably diffuse tissue alterations.

Finally, because we have only a single troponin I measure-
ment performed before revascularization, we cannot be certain
that some individuals did not have acute, rather than chronic
cTnl elevation, nevertheless none of the patients had symptoms
of recent onset, rapidly progressive or unstable angina.

This is a cross-sectional study that has generated a hypothesis
about scattered areas of myocardial injury and troponin release
in stable CAD patients. As is well known, an inherent limitation
of this type of study is that it cannot provide definitive infor-
mation about cause-and-effect relationships. Additional studies
with a larger sample of patients are required to confirm these
findings.

5. Conclusion

In this sample of patients, we found an independent associa-
tion between troponin concentrations, native T1 and ventricular
mass index and a correlation with CMR T1 mapping parame-
ters, native T1 and ECV. These new findings indicate that focal
areas of edema or fibrosis scattered in normal myocardium
might be the anatomical substrate for chronic troponin release
in stable coronary artery disease patients.
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