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Prediction of infarct severity from triiodothyronine

levels in patients with ST-elevation myocardial
infarction

Dong Hun Kim', Dong-Hyun Choi*, Hyun-Wook Kim?, Seo-Won Choi?* Bo-Bae Kim?
Joong-Wha Chung?, Young-Youp Koh?, Kyong-Sig Chang? and Soon-Pyo Hong”

Departments of *Radiology and Background/Aims: The aim of the present study was to evaluate the relationship
?Internal Medicine, Chosun
University School of Medicine,

Gwangju, Korea

between thyroid hormone levels and infarct severity in patients with ST-elevation
myocardial infarction (STEMI).

Methods: We retrospectively reviewed thyroid hormone levels, infarct severity,
and the extent of transmurality in 40 STEMI patients evaluated via contrast-en-
hanced cardiac magnetic resonance imaging.

Results: The high triiodothyronine (T3) group (= 68.3 ng/dL) exhibited a signifi-
cantly higher extent of transmural involvement (late transmural enhancement >
75% after administration of gadolinium contrast agent) than did the low T3 group
(60% vs. 15%; p = 0.003). However, no significant difference was evident between

the high- and low-thyroid-stimulating hormone/free thyroxine (FT4) groups.
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When the T3 cutoff level was set to 68.3 ng/dL using a receiver operating charac-
teristic curve, the sensitivity was 80% and the specificity 68% in terms of differ-
entiating between those with and without transmural involvement. Upon logistic
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regression analysis, high T3 level was an independent predictor of transmural
involvement after adjustment for the presence of diabetes mellitus (DM) and the
use of glycoprotein IIb/IIIa inhibitors (odds ratio, 40.62; 95% confidence interval,
3.29 t0 502; p = 0.004).

Conclusions: The T3 level predicted transmural involvement that was indepen-
dent of glycoprotein IIb/IITa inhibitor use and DM positivity.

Keywords: Triiodothyronine; Myocardial infarction; Magnetic resonance imaging

INTRODUCTION

The thyroid hormone system can be suppressed in pa-
tients with severe illness of any kind. Under such cir-
cumstances (termed the sick euthyroid syndrome), the
typical feedback control for thyroid hormone synthe-
sis (thyroid homeostasis) is altered [1,2]. Conversion of
the prohormone (free thyroxine [FT4]) into triiodothy-
ronine (T3) is compromised, resulting in buildup of an
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inactive metabolite, a process termed reverse T3. Low
T3 syndrome occurs in approximately 20% to 30% of
patients with heart failure (HF) [3-5] and has also been
described in patients with acute myocardial infarction
(AMI) [6-o].

The physiological properties of high T3 syndrome
are well-documented and include increased energy
expenditure during both rest and exercise, elevated
heart rate, a sensation of nervousness, and palpitations
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[10-12]. T3 increases cardiac contractility and reduces
systemic vascular resistance [13,14]. However, many in-
vestigators have commented on the paradox that thy-
roid hormone is protective of rather than harmful to
the ischemic heart, even though oxygen consumption
is increased (due to accelerated heart rhythm and in-
creased cardiac contractility). Under such conditions,
the heart becomes depleted of glycogen [15].

Plasma T3 levels 6 months after myocardial infarc-
tion are strongly associated with improved heart func-
tion [9]. Experimental animal studies suggest that
thyroid hormone treatment may be beneficial in cases
of HF occurring after AMI [16-18].

Contrast-enhanced cardiac magnetic resonance (CE-
CMR) imaging detects infarcts and yields information
on size and transmurality, the myocardial area at risk
(AAR), myocardial viability, microvascular obstruction
(MVO), and myocardial hemorrhage [19-23]. CE-CMR
imaging can assess and quantify the extent of myocar-
dial salvage [24]. Moreover, variations in CE-CMR im-
aging parameters seem to be associated with abnormal
electrocardiographic findings in patients with anteri-
or AMI [23].

The aim of the present study was to explore the asso-
ciation between baseline thyroid hormone level and in-
farct transmurality using CE-CMR imaging of patients
with ST-elevation myocardial infarction (STEMI).

METHODS

Study population

Between November 2010 and July 2012, a total of 137
consecutive STEMI patients whose baseline thyroid
hormone levels had been determined were enrolled
in the present study with the approval of the Chosun
University Hospital Research Ethics Committee (ap-
proval no. CHOSUN 2012-09-003). Patients were in-
cluded if they were over 18 years of age and underwent
primary percutaneous coronary intervention (PCI)
within 12 hours of symptom onset. Patients who did
not consent to CE-CMR imaging or who exhibited
contraindications to such imaging were excluded. Ul-
timately, 40 patients were included.
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Definition of ST elevation myocardial infarction

STEMI was defined as ST-segment elevation of at least
1 mm in two or more standard leads, or of at least 2
mm in two or more neighboring precordial leads, or a
(presumed) new-onset left-bundle branch block.

Percutaneous coronary intervention

All patients received dual oral antiplatelet treatment,
consisting of aspirin (300 mg) and clopidogrel (600
mg) prior to intervention followed by daily aspirin
(100 to 200 mg) and clopidogrel (75 mg) subsequently.
Coronary angiography and stent implantations were
performed using standard intervention techniques.
Glycoprotein IIb/IIIa receptor antagonists were ad-
ministered intravenously as judged appropriate by
attending physicians.

Blood collection and measurement of thyroid hor-
mones

Venous blood samples were collected into serum-sep-
arating tubes (BD Vacutainer Systems, Franklin Lakes,
NJ, USA) on each index day. Thyroid-stimulating
hormone (TSH), T3, and FT4 levels were measured by
an immunoradiometric assay (T'SH) or radioimmuno-
assays (RIAs; T3 and FTy), using RIA-gnost FT4, TSH,
and T3 kits (CISbio International, Cedex, France) and a
Cobra E 5005 gamma counter (Packard, Ramsey, MN,
USA). All assays were performed within 2 hours of
sample collection. The normal ranges are as follows:
TSH, o0.25 to 4 mIU/L; FT4, 0.7 to 1.8 ng/dL; and T3, 60
to 190 ng/dL.

CE-CMR imaging protocol and analysis

We used a 1.5-T magnetic resonance (MR) scanner
(Avanto, Siemens Medical Solutions, Erlangen, Ger-
many) fitted with a SENSE cardiac coil. The mag-
netic resonance imaging (MRI) protocol consisted of
T2-weighted imaging, cine-imaging, first-pass per-
fusion, evaluation under adenosine-induced stress,
rest perfusion, and delayed (5 and 15 minutes) en-
hancement imaging. Cine-MRI images were obtained
using a fast-gradient echo sequence (steady-state free
precession) after scout and localizer image acquisi-
tion. The slice thickness was 8 mm (with no gap), and
short-axis left ventricular (LV) images were acquired
from the apex to the base (thus including the entire
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LV volume). Repeated breath holds were required to
acquire adequate images. The temporal resolution was
25 to 30 frames per RR interval. T2-weighted MRI was
performed in the cardiac short-axis direction using a
dark-blood T2-weighted inversion-recovery fast-spin
echo sequence. Next, 0.2 mmol/kg gadolinium-di-
ethylenetriaminepentaacetic acid (Magnevist, Bayer
Schering Pharma, Berlin, Germany) was injected in-
travenously at 3 mL/sec followed 4 minutes later by a
saline flush under adenosine infusion. The first pass
of the contrast agent (after intravenous bolus injec-
tion) through the myocardium was recorded using a
Ti-weighted dynamic sequence. The slice thickness
was 8 mm, the field of view 35 x 35 cm, and the image
matrix 128 x 128. Images were taken on 40 occasions
of four locations (the apex, the lower mid-axis, the up-
per mid-axis, and the basal short axis) every two heart
beats. Delayed hyperenhancement and the extent of
MVO were evaluated 5 and 15 minutes after contrast
administration in 10 to 12 contiguous slices (each 8
mm thick; no gap) using a phase-sensitive inversion
recovery-spoiled gradient-echo sequence (echo time 4
ms; repetition time 8 ms; and flip angle 30°). The field
of view and image matrix were 35 x 35 cm and 256 x
250, respectively. The inversion delay time was varied
within the range of 200 to 300 ms.

All measurements were performed at our MRI core
laboratory. After the short-axis images were acquired
at end-diastole and end-systole and the endocardial
borders traced, the left ventricular end-diastolic vol-
ume (LVEDV), left ventricular end-systolic volume
(LVESV), and ejection fraction (EF) were computed us-
ing Simpson’s algorithm (Argus, Siemens Medical
Solutions). Myocardial mass was calculated by multi-
plying the myocardial volume by the myocardial den-
sity (1.05 g/mL). Each infarct volume was quantified
based on visual border detection using a manual
drawing method with a commercial software package
(INFINITT PACS, INFINITT Healthcare, Seoul, Ko-
rea). The infarct volume was calculated as the sum of
the areas exhibiting delayed hyperenhancement with-
in each segment of the short-axis images multiplied
by the slice thickness over the entire left ventricle. The
volume and extent of the MVO, defined as late-hy-
poenhanced regions within the infracted myocardium
evident on delayed enhancement images, were calcu-
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lated in the same manner. Endocardial and epicardial
borders were delineated by planimetry to allow calcu-
lation of myocardial areas and were summed as de-
scribed above to calculate LV myocardial volume. The
infarct volume (i.e., infarct size) and the extent of MVO
were expressed as percentages of the LV myocardial
volume. T2-weighted images were used to explore
whether myocardial hemorrhage was evident; this pre-
sented as a central hypointense signal core within the
area of increased T2 signal intensity [26]. The myocar-
dial AAR, defined as myocardium with a signal inten-
sity greater than two standard deviations (SDs) above
the mean signal intensity of remote normal myocardi-
um, was quantified on T2-weighted images using a
similar algorithm and expressed as a percentage of the
LV myocardial volume. The ratio between infarct size
and the AAR was calculated for each patient. The myo-
cardial salvage index was computed as follows: myo-
cardial salvage index = (AAR - infarct size) x 100/AAR
[27]. To allow regional analysis, the LV was divided into
17 myocardial segments, as described previously [28].
The extent of infarct transmurality in each segment
was calculated by dividing the maximal hyperen-
hanced thickness by the full thickness of the affected
myocardium. Transmural infarction was considered
to be present when the extent of infarct transmurality
was > 75%.

Statistical analysis

All values are expressed as means + SDs, medians (with
interquartile ranges [IQRs]), or numbers (with percent-
ages). The Mann-Whitney test was used to compare
continuous variables and the chi-square test to com-
pare noncontinuous variables, to establish the baseline
characteristics of the various groups.

Receiver operating characteristic (ROC) analysis was
used to determine the sensitivities and specificities
(with 95% confidence intervals [CIs]) of thyroid hor-
mone cutoff values. Multivariable logistic regression
analysis of the factors associated with the extent of
transmural infarction (> 75% of infarct transmurality)
was conducted using a forward conditional stepwise
model. Baseline clinical factors with p values < 0.1 in
the univariable analysis were entered into this model.
The independent variables were the presence of diabe-
tes mellitus (DM), a T3 level = 68.3 ng/dL, and the use
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of glycoprotein IIb/IIla inhibitor(s). The relationships
between thyroid hormone levels and other clinical vari-
ables were evaluated using the aid of Pearson correla-
tion analysis. All statistical analyses were performed
using SPSS version 15 (SPSS Inc., Chicago, IL, USA), and
a p value < 0.05 was considered to reflect statistical sig-
nificance.

RESULTS

Baseline characteristics of the entire cohort

The mean patient age was 57.8 years, and 82.5% of pa-
tients were male. The clinical, angiographic, and CE-
CMR imaging characteristics of the entire cohort are
shown in Tables 1, 2, and 3, respectively. The overall
mean T3, FT4, and TSH levels were 73 + 23.7 ng/dL (me-
dian, 68.3; IQR, 59.2 to 85.1; normal range, 60 to 190);
1.09 * 0.28 ng/dL (median, 1.07; IQR, 0.90 to 1.25; nor-
mal range, 0.7 to 1.8); and 1.137 + 1.14 mIU/L (median,
0.71; IQR, 0.38 to 1.63; normal range, 0.25 to 4), respec-
tively.

Relationship between thyroid hormone levels and
infarct transmurality

Compared with patients with T3 levels < 68.3 ng/dL,
the mean extent of infarct transmurality was higher in
those with T3 levels = 68.3 ng/dL (47% =+ 27.2% vs. 67%
+23.9%; p = 0.02). Furthermore, the group with higher
T3 levels exhibited a greater extent of transmural in-
farction than did the lower T3 group (p = 0.003) (Fig. 1).
However, no significant difference in the mean levels
of infarct transmurality or the transmural extent of
infarction was evident between those with higher and
lower levels of TSH or FT4.

The T3 cutoff value predicting the extent of trans-
mural infarction

The cutoft T3 level predicting the extent of transmural
infarction (> 75% of infarct transmurality) was evalu-
ated via ROC analysis. The T3 cutoff value was 68.3 ng/
mL, with 80% sensitivity (95% CI, 51.9 to 95.7) and 68%
specificity (95% CI, 46.5 to 85.1) (area under the curve
[AUC] = 0.691, p = 0.046) for detection of transmural
infarction (Fig. 2).
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Figure 1. The extent of transmural infarction with respect
to the median triiodothyronine (T3) values.
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Figure 2. The receiver operating characteristic curve for tri-
iodothyronine (T3). AUC, area under the curve; CI, confidence
interval.

Clinical characteristics of patients with T3 values be-
low and above the cutoff

The clinical and demographic characteristics of these
two groups are shown in Table 1. Patients with high
T3 levels were more likely to be male, showed a lower
incidence of Killip class = 2 disease, were more like-
ly to have a higher initial heart rate, and exhibited
a greater probability of a greater free T4 level. No
significant difference in any other baseline clinical
characteristic was evident between the two groups.
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Table 1. Patient baseline characteristics in terms of T3 level

The Korean Journal of Internal Medicine Vol. 29, No. 4, July 2014

Characteristic Total (n = 40) T3<683ng/mL(n=20) T3=683ng/dL (n=20) pvalue
Age, yr 57.8 £10.4 60.1+11.5 55.6 £ 8.9 0.171
Age = 60 yr 45.0 55.0 35.0 0.204
Male gender 82.5 70.0 95.0 0.037
Hypertension 45.0 40.0 50.0 0.525
Diabetes mellitus 17.5 20.0 15.0 0.677
Dyslipidemia 12.5 15.0 10.0 0.633
Smoking?* 62.5 60.0 65.0 0.744
Prior PCI 5.0 5.0 5.0 1.000
Killip class = 2 22.5 35.0 10.0 0.058
Anterior infarction 42.5 50.0 35.0 0.337
SBP at admission, mmHg 124.4+26.8 121.0 £ 28.5 127.7 £ 253 0.429
Initial heart rate, beats/min 72.4 £17.6 67.6 £14.4 77.2£19.5 0.155
Door to balloon time, min 01.5+ 82.5 76.5 £ 11.7 106.6 +115.6 0.645
Symptom to balloon time, min 249.7+£158.4 239.8+153.4 259.6 +166.7 0.598
Peak CK-MB, ng/dL 228.5+157.1 202.5+162.0 254.5+£151.5 0.180
Peak hs-cTnT, ng/mL 6.27 + 4.49 5.55 +3.50 6.99 +5.29 0.533
Creatinine, mg/dL 1.03 £ 0.25 0.99 +0.23 1.07 £ 0.27 0.409
TSH, mIU/L 1.137 £1.14 0.892 +0.85 1382 +1.36 0.199
Free T4, ng/mL 1.088 + 0.28 1.007 +0.29 1.169 + 0.24 0.041
T3, ng/mL 73.00 * 23.66 55.43 £11.5 90.58 £19.1 < 0.001
hsCRP, mg/dL 1.74 £ 2.49 1.60 £ 2.17 1.88 £2.82 0.598
Aspirin resistance 5.0 5.0 5.0 1.000
Clopidogrel resistance 775 85.0 70.0 0.256

Values are presented as mean + SD or percentage.

T3, triiodothyronine; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; CK-MB, creatine kinase-MB;
hs-cInT, high-sensitivity cardiac troponin T; TSH, thyroid-stimulating hormone; T4, thyroxine; hsCRP, high-sensitivity C-re-

active protein.

#Smoking denotes active smokers as well as ex-smokers who stopped smoking less than 1 year before enrollment.

Angiographic and procedural data on patients with
T3 values below and above the cutoff

Table 2 shows the angiographic and procedural results.
No patient with a low T3 level had disease of the left
circumflex artery. No other difference in angiographic
or procedural characteristics was evident between the
two groups.

CE-CMR imaging data on patients with T3 values
below and above the cutoff

CE-CMR imaging was performed at a median inter-
val of 41 days after the index event (IQR, 25 to 61 days).
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The interval from the procedure to CE-CMR tended
to be greater in the high T3 group (49.5 days [IQR, 23
to 80.5]) than in the low T3 group (40.5 days [IQR, 25.8
to 55.5]). Fig. 3 shows representative coronary angio-
graphic images before reperfusion and CE-CMR im-
ages of reperfused STEMI patients. The results of CE-
CMR are shown in Table 3. No significant difference
in LVEDV, LVESV, LV mass, left ventricular ejection
fraction (LVEF), infarct size, the extent of hemorrhagic
infarction, or MVO area was evident between the two
groups. The AAR was significantly larger and the myo-
cardial salvage index higher in the low T3 group than
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the high T3 group upon CE-CMR imaging. However,
the numbers of segments exhibiting > 75% infarct
transmurality as well as the maximal infarct transmu-
rality were higher in the high T3 group. In addition,
transmural infarction was detected more frequently in
the high T3 than the low T3 group.

The cutoff peak level values of cardiac enzymes pre-
dicting the transmural extent of infarction
The relationships between cardiac enzyme peak levels
and the extent of transmurality were evaluated using
Pearson correlation analysis. Peak creatine kinase-MB
(CK-MB) and peak high-sensitivity cardiac troponin T
(hs-cTInT) levels were significantly (positively) associat-
ed with the extent of transmurality (r = 0392, p = 0.012;
r'=0.465, p = 0.002, respectively).

The cutoff levels of cardiac enzymes predictive of the

KJIM™

transmural extent of infarction (> 75% of infarct trans-
murality) were evaluated by ROC analysis. The cutoff
values were 137.15 ng/dL for CK-MB, with 86.7% sensi-
tivity (95% CI, 59.5 to 98.3) and 52% specificity (95% CI,
313 to 72.2; AUC = 0.637, p = 0.150), and 4.485 ng/dL for
hs-cTnT, with 86.7% sensitivity (95% CI, 59.5 to 98.3)
and 60% specificity (95% CI, 38.7 to 78.9; AUC = 0.725, p
= 0.018).

Independent predictors of the transmural extent of
infarction

Univariate analysis showed that DM positivity, a T3
level = 68.3 ng/dL, and use of glycoprotein IIb/IIIa in-
hibitors were significantly associated with the extent
of transmural infarction. We included the significant
univariate variables in the multivariate logistic regres-
sion analysis. The only variable that remained as an

Table 2. Angiographic and procedural findings in terms of T3 levels

Characteristic Total (n=40) T3<683ng/mLm=20) T3=683ng/dL(n=20)  pvalue
Culprit artery

Left anterior descending 42.5 50.0 35.0 0.337

Left circumflex 15.0 0.0 30.0 0.008

Right coronary artery 42.5 50.0 35.5 0.337
No. of diseased vessels

1 475 55.0 40.0 0.342

2 35.0 25.0 45.0 0.185

3 17.5 20.0 15.0 0.677
Baseline TIMI flow grade

0-1 775 75.0 80.0 0.705

2-3 22.5 25.0 20.0 0.705
Final TIMI flow grade 3 97.5 95.0 100 0311
Angiographic no-reflow 2.5 5.0 0.0 0.311
Thrombus aspiration 25.0 30.0 20.0 0.465
Type of stent used

Bare-metal stents 66.7 63.2 70.0 0.651

Drug-eluting stents 333 36.8 30.0 0.651
Stent diameter at culprit artery, mm 3.24 £ 0.46 3.25+0.42 3.23+0.51 0.653
Stent length at culprit artery, mm 24.23 + 4.85 24.95 * 4.35 23.55 £ 5.30 0.239
Statin loading prior to PCI 87.5 95.0 80.0 0.151
Glycoprotein IIb/IIIa inhibitor 77.5 80.0 75.0 0.705

Values are presented as percentage or mean + SD.

T3, triiodothyronine; TIMI, thrombolysis in myocardial infarction; PCI, percutaneous coronary intervention.
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D

Figure 3. (A) A ST-elevation myocardial infarction patient with total occlusion of the proximal left anterior descending
coronary artery. (B) A Tz2-weighted short axis image shows the contour of the edema and (C) the corresponding delayed
enhancement. (D) The myocardial mass is derived from stacked images showing the endocardial and epicardial contours.

independent risk factor for transmural infarction was

a high T3 level (= 68.3 ng/dL) (Table 4).

Independent predictors of a low myocardial salvage
index or AAR

Univariate analysis showed that a high peak CK-MB
level (= 137.15 ng/dL), a high peak hs-cTnT level (= 4.485

460  www.kjim.org

ng/dL), a long interval between the index day and the
day of CE-CMR imaging (> 41 days; the median value),
the transmural extent of infarction, and a T3 level =
68.3 ng/dL were all significantly associated with a low
median myocardial salvage index when the entire
cohort was evaluated. We included the significant uni-
variate variables in the multivariate logistic regression
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Table 3. Results of cine-magnetic resonance imaging (MRI), T2-weighted MRI, and contrast-enhanced MRI, in terms of T3 level

Characteristic Total(m=40) T3<683ng/mL(n=20) T3=0683ng/dL (n=20) pvalue
LVEDV, mL 129.9 + 23.4 132.5 £ 17.0 1273 +28.6 0.208
LVESV, mL 65.5+19.0 65.6 +13.3 65.5 +23.8 0.285

LV mass, g 102.1+39.3 101.1 £31.0 103.1 £ 46.9 0.425

LV ejection fraction, % 49.6 + 8.06 49.5+ 8.16 49.6 + 8.17 0.766

Infarct size, % of LV 6.48 5.2 6.03+5.7 6.92+4.9 0.473

Area at risk, % of LV 18.4+14.1 24.4 *15.9 12.4 %+ 9.03 0.027

Myocardial salvage index, % 60+28 73+ 20 47 %29 0.003

Hemorrhagic infarction, % 0.58 £1.15 0.86 +1.51 0.30 * 0.52 0.400
MVO area, % of LV 039+ 0.72 0.41 % 0.82 036 £ 0.63 0.934

No. of segments with > 75% 1.15+1.6 0.60+1.4 170 £17 0.016

infarct transmurality

Maximal infarct transmurality, % 57.1+27.2 47.25 £ 27.2 67.00+23.9 0.011

Frequency of transmural infarction, % 37.5 15.0 60.0 0.003

Values are presented as mean + SD.

T3, triiodothyronine; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LV, left

ventricle; MVO, microvascular obstruction.

analysis. The only variable that remained as an inde-
pendent risk factor for a low myocardial salvage index
was a long median interval from the index day to the
CE-CMR imaging day.

Univariate analysis showed that only a longer symp-
tom to balloon time (> 189 minutes; the median value)
was significantly associated with a high AAR (> 13.3%;
the median value).

Correlations between the T3 level and other clinical
variables
The relationships between the T3 level and other
clinical variables were evaluated using Pearson cor-
relation analysis. All continuous variables, including
age, Killip class, systolic blood pressure at admission,
initial heart rate, door to balloon time, symptom to
balloon time, peak levels of cardiac enzymes (CK-MB
and hs-cTnT), levels of creatinine and high-sensitiv-
ity C-reactive protein, number of diseased vessels,
“baseline thrombolysis in myocardial infarction” flow
grade, and LVEF, were evaluated. Of these, only the
initial heart rate was significantly associated with the
T3 level (r = 0379, p = 0.016) (Fig. 4). Age tended to cor-
relate negatively with the T5 level (r= —0.302, p = 0.058).
To determine if initial heart rate and age served as
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surrogate markers of T3 levels, we determined the cut-
off values predictive of a high T3 level (= 68.3 ng/dL) for
both variables using ROC analysis. The cutoff initial
heart rate was 67 beats per minute, with 75% sensitivi-
ty (95% CI, 50.9 to 91.3) and 55% specificity (95% CI, 31.5
to 76.9; AUC = 0.631, p = 0.150), and the cutoff age was
62 years, with 80% sensitivity (95% CI, 56.3 to 94.3) and
50% specificity (95% CI, 27.2 to 72.8; AUC = 0.626, p =
0.172), with regard to predicting a high T3 level (= 68.3
ng/dL). However, neither heart rate nor age was pre-
dictive of the extent of transmural infarction (Table 4).

DISCUSSION

The principal finding of the present study was that
a high T3 level was an independent predictor of the
extent of transmural infarction in STEMI patients.
Even after adjustment for DM positivity and the use of
glycoprotein IIb/I1Ia inhibitors, the odds ratio (OR) re-
mained significant in the high T3 group. CE-CMR im-
aging is very sensitive and reliable when used to iden-
tify morphological and functional sequelae of AMI,
and it has substantial potential to improve risk strat-
ification and guide patient management after AMI.
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To our knowledge, this is the first study to explore the
predictive utility of thyroid hormone levels (especially
that of T3) as biomarkers of the extent of transmural
infarction in STEMI patients.

CMR imaging can differentiate viable from infarct-
ed myocardium and can accurately determine the ex-
tent of transmurality after myocardial infarction.
Transmurality of an infarction is important in pre-
dicting development of LV remodeling, changes in LV
function, and clinical prognosis [23,29-32]. Most stud-
ies using delayed-enhancement imaging have found
an inverse relationship between transmural involve-
ment > 75% and improved regional LV contractile
function, but minimal or no improvement in the
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Figure 4. A scatter plot showing the relationship between
initial heart rate and triiodothyronine (T3) level.
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numbers of dysfunctional segments was found [33].

We suggest that the low T3 syndrome develops in
AMI patients to protect the myocardium. The physio-
logical features of those with high T3 levels are
well-documented and include increased resting and
exercise energy expenditure and an elevated heart rate
[10-12]. In addition, T3 increases cardiac contractility
[13,14]- Therefore, transient low T3 status in AMI pa-
tients may protect the myocardium, resulting in low
transmurality evident upon CE-CMR imaging and re-
ducing energy expenditure, heart rate, cardiac con-
tractility, and oxygen consumption.

In the present study, we found no significant differ-
ence in the mean extent of infarct transmurality or the
transmural extent of infarction between high and low
T'SH and FT4 level groups. One explanation is that T3
is the biologically active form of thyroid hormone, and
T3 levels are correlated with functional status and
serve as an index of disease outcome [5,8,9,34].

Sick euthyroid syndrome is often observed in pa-
tients with chronic HF and AMI, and it has been asso-
ciated with increased mortality in both types of pa-
tients [5-8,35]. Recently, Ozcan et al. [36] showed that
this syndrome was linked to both in-hospital and
long-term mortality in STEMI patients undergoing
primary PCI. Although we did not choose mortality as
a primary endpoint, our results appear to differ from
those of previous studies. It is presumed that the effect
of sick euthyroid syndrome on the mortality of STEMI
patients reflects not only the extent of transmurality

Table 4. Univariate and multivariate logistic regression analyses revealing significant independent predictors of the extent of

transmural infarction

. Univariate Multivariate

OR (95% CI) p value OR (95% CI) pvalue
Diabetes mellitus 5.75(0.95-34.79) 0.057 2539 (1.75-368) 0.018
Heart rate = 6y BPM 0.99 (0.95-1.02) 0.449 - -
Age = 62 yr 2.25(0.59-8.58) 0.235 - -
Triiodothyronine > 68.3 ng/dL 8.50 (1.86—38.82) 0.006 40.62 (3.29-502) 0.004
Symptom to balloon time = 189 min 1.24 (0:34—4-46) 0.744 - -
Glycoprotein ITb/IIIa inhibitor use 6.59 (0.73-59.22) 0.092 27.1 (1.15-639) 0.041

The reference group had the following features: heart rate < 67 BPM, age < 62 years, triiodothyronine level < 68.3 ng/dL, and
symptom to balloon time < 189 minutes. The cutoff values for the extent of transmural infarction, determined by receiver

operating characteristic analysis, are shown.

OR, odds ratio; CI, confidence interval; BPM, beats per minute.
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in such patients but also the involvement of other (un-
known) intracellular signaling pathways associated
with the response to stress and cardiac remodeling
[37,38]-

Our results suggest that biomarkers such as thyroid
hormone levels have predictive value when used to as-
sess the extent of transmural infarction in patients
with STEMI. A high T3 level was an independent pre-
dictor of the extent of such infarction, revealing the
clinical relevance of T3 levels in terms of risk stratifi-
cation of STEMI patients. Such stratification should
be used in conjunction with the ACC/AHA recommen-
dations on B-blocker prescriptions for STEMI patients
[39] with high T3 levels, because B-blockers reduce
conversion of T4 to T3 [40,41].

Limitations

The present study was performed on a relatively small
sample size, rendering imprecise ORs and wide CIs.
Furthermore, the small sample size limited our ability
to consider additional (possibly relevant) factors. In
addition, the investigation was not prospective, and
our conclusions are thus subject to the limitations in-
herent in such analyses.

Selection bias was possible because we included only
STEMI patients in whom thyroid hormone levels had
been measured and infarct transmurality assessed via
CE-CMR imaging.

In conclusion, a high T3 level (> 68.3 ng/mL) was an
independent predictor of the extent of transmural in-
farction in patients with STEMI. This predictive pow-
er was independent of glycoprotein IIb/IIIa inhibitor
use and DM status.

KEY MESSAGE

1. The high T3 group (= 68.3 ng/dL) had a signifi-
cantly higher transmural involvement (extent
of late transmural enhancement of gadolinium
agent > 75%) rate in patients with ST-elevation
myocardial infarction underwent primary per-
cutaneous coronary intervention.

2. T3 was a predictive marker for transmural in-
volvement.

3. Its predictive power for transmural involvement
was independent of glycoprotein IIb/IIIa inhibi-
tor use and diabetes mellitus.
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