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Abstract Late gadolinium enhancement (LGE) with
cardiac magnetic resonance (CMR) can predict ventricular
arrhythmia and poor prognosis in hypertrophic cardiomy-
opathy (HCM) patients. Although myocardial T2-high
signal has been reported to appear within LGE in those
patients, its clinical significance remains unclear. We
investigated the relationship between the T2-high signal
and nonsustained ventricular tachycardia (NSVT) in HCM
patients. Eighty-one HCM patients who underwent Holter
ECG and CMR including T2-weighted and LGE imaging
were retrospectively recruited. They were divided into
NSVT-positive and NSVT-negative groups. We compared
the clinical and CMR characteristics between both of the
groups, and assessed predictors of NSVT with multivariate
analysis. Myocardial T2-high signal was observed in 15/81
(18.5 %) patients. Each T2-high signal was localized
within LGE. Significantly in the NSVT-positive group, the
prevalence of atrial fibrillation [5/17 (29.4 %) vs. 2/64
(3.1 %), p = 0.0006] and T2-high signal [9/17 (52.9 %)
vs. 6/64 (9.4 %), p < 0.0001] and the left ventricular (LV)
end-systolic volume index (32.2 & 15.9 ml/m? vs. 23.3 +
14.9 ml/m?, p = 0.034) and the number of segments with
LGE (5.8 £ 3.3 vs. 2.7 £ 2.7, p < 0.0001) was increased,

Y. Hen (D<) - N. Iguchi - Y. Utanohara - T. Sumiyoshi
Department of Cardiology, Sakakibara Heart Institute,
3-16-1 Asahi-cho, Fuchu, Tokyo 183-0003, Japan
e-mail: yhen@shi.heart.or.jp

H. Machida
Department of Radiology, Tokyo Women’s Medical University
Medical Center East, Tokyo, Japan

K. Takada

Department of Radiology,
Sakakibara Heart Institute, Fuchu, Japan

@ Springer

and the LV ejection fraction (54.8 &+ 10.9 % vs. 65.1 +
10.6 %, p = 0.0007) was decreased, compared to the
NSVT-negative group. On multivariate analysis, the pres-
ence of atrial fibrillation (OR 29.49, p = 0.0025) and DM
(OR 7.36, p = 0.0455) and T2-high signal (OR 14.96,
p = 0.0014) and reduced LV ejection fraction (OR 0.93,
p = 0.0222) were significantly associated with NSVT. The
presence of myocardial T2-high signal is a significant
independent predictor of NSVT in HCM patients.

Keywords Hypertrophic cardiomyopathy - T2-weighted
imaging - Cardiac magnetic resonance - Ventricular
tachycardia - Independent predictor

Introduction

In patients with ischemic heart disease, multidetector
computed tomography is useful for the identification of
coronary plaque morphology and cardiac magnetic reso-
nance (CMR) is valuable in that of myocardial tissue
characteristics [1, 2]. Furthermore, CMR imaging is a
noninvasive useful modality for structural and functional
evaluations in patients with hypertrophic cardiomyopathy
(HCM) [3]. With contrast-enhanced CMR, the presence of
myocardial late gadolinium enhancement (LGE) can indi-
cate the risk of ventricular arrhythmia and predict poor
prognosis [4-7]. Since Higgins et al. [8] first reported a
relationship between myocardial water content and T2
relaxation time, myocardial high signal on T2-weighted
imaging (T2-high signal) has been considered to represent
myocardial edema. A few reports in recent years have
described the presence of myocardial T2-high signal in
some patients with HCM [9, 10]. Melacini et al. [10]
reported that the T2-high signal areas were localized within
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the LGE areas in those patients. To our knowledge, the
relationship between the T2-high signal and ventricular
arrhythmia remains unknown in HCM patients. The
objective of the present study was to investigate the rela-
tionship between the T2-high signal and nonsustained
ventricular tachycardia (NSVT) and to clarify the predic-
tors of NSVT by multiple logistic regression analysis in
those patients.

Materials and methods
Subjects and procedures

From 7 January 2008 to 31 March 2009, 81 HCM patients
who obtained T2-weighted and LGE images on CMR and
underwent Holter ECG examination within 3 months
before or after the CMR examination were retrospectively
recruited into this study. Firstly, we explained the use of
patient’s clinical data for retrospective study to all the
patients. Afterward, we obtained the patients’ approvals in
writing.

HCM was diagnosed when echocardiography and/or
CMR showed left ventricular (LV) wall thickness of
15 mm or greater in the absence of other cardiac or sys-
temic diseases that could account for the hypertrophy [11].

The study patients were divided into two groups: those
showing NSVT on Holter ECG (NSVT-positive group) and
those without such findings (NSVT-negative group). NSVT
was defined as sustained ventricular beats of more than
three consecutive beats faster than 120 beats per minute.
The clinical background, including medication, results of
blood biochemistry tests, and CMR findings, were com-
pared between these two groups.

CMR protocols and image analysis

CMR studies were performed with a 1.5-T MR scanner
(Magnetom Sonata; Siemens Medical Solutions, Erlangen,
Germany) using a six-channel phased-array body and spine
coil. All images were acquired by ECG-gated breath-hold
technique. First, steady-state free-precession cine images
were acquired in three long-axis (2-, 3-, and 4-chamber) and
five short-axis views covering the LV from base to apex
(TR = 56.8 ms, TE = 1.2 ms). Subsequently, black-blood
T2-weighted multi-echo spin-echo images with fat suppres-
sion (short tau inversion recovery) were acquired (TR = 2
heartbeats, TE = 104 ms, TI = 170 ms, field of view =
340 mm, matrix = 192 x 256, slice thickness = 8 mm,
echo-train length = 21, band width = 399 Hz/pixel) in the
same views used in cine imaging. Finally, LGE images
were acquired 10 min after intravenous administration of
0.1 mmol/kg of gadodiamide hydrate (Omniscan; Daiichi

Sankyo, Tokyo, Japan), using the inversion recovery tech-
nique in the identical views (TR = 600 ms, TE = 1.26 ms,
TI was individually optimized to null normal myocardial
signal using a TI-scout sequence).

Experienced radiology technicians performed LV func-
tion analysis with dedicated software (Argus Function
VA30, Siemens Medical Solutions, Erlangen, Germany).
Epicardial and endocardial borders of the LV myocardium
were manually traced during the whole cardiac phase on
each cine short-axis image to obtain LV end-diastolic
volume (EDV), end-systolic volume (ESV), ejection frac-
tion (EF), and myocardial mass. The EDV index was cal-
culated as the EDV divided by the body surface area of
each patient, and ESV index, the ESV divided by the body
surface area. The myocardial mass was calculated by
multiplying volume of the myocardium measured at end-
diastole with the specific gravity of the myocardium
(1.05 g/ml). The LV mass index was calculated as the
myocardial mass divided by the body surface area of each
patient.

Two cardiologists and one radiologist with 5-or-more-
years experience in interpreting CMR evaluated T2-
weighted images for the presence of myocardial T2-high
signal areas and LGE images for the presence of LGE areas
within the LV myocardium for each patient in consensus.
We measured the signal intensity at the site of suspected
T2-high signal area (minimum ROI size 27 mm?).
Furthermore, if the signal intensity of the suspected site
was more than 3 SD above that of the reference myocar-
dium, we defined it as the positive of T2-high signal. LGE
segments were defined as those with image intensities of 2
SD above the mean of image intensities in a remote
myocardial region in the same image.

The presence of any area of the T2-high signal was
defined as T2-positive, and the presence of any LGE area
as LGE-positive. The spatial distribution of the T2-high
signal and LGE was also assessed referring to the
17-segment model [12]. The maximal LV wall thickness
was determined by measuring the minimal thickness of the
thickest LV myocardium in the cine image at the end-
diastole, in consensus, also by the three readers.

Statistical analysis

Data are expressed as mean & SD for continuous variables
and as frequency with percentage for categorical data.
Differences between means were tested by unpaired Stu-
dent’s ¢ test. Frequencies were compared by Chi-square test
or Fisher’s exact test, as appropriate. The spatial distribu-
tion of the T2-high signal and LGE was also assessed
referring to the 17-segment model. The relation between
the extent of LGE and T2-high signal was assessed with
Cochran—Armitage test. Predictors of NSVT were assessed
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with logistic regression analysis. We performed the uni-
variate analysis on the variables considered to be correlated
with NSVT in clinical practice. For multivariate analysis,
those variables with a p value <0.1 on univariate analysis
were entered into the model. Furthermore, we performed
logistic regression analysis with stepwise variable selec-
tion. A p value <0.05 was considered to be statistically
significant. Analysis was performed using the SAS ver.9.1
(SAS Institute, Cary, NC, USA).

Results
Patient background and clinical characteristics

NSVT was present in 17 (21.0 %) of our 81 patients. The
mean episodes of NSVT run in 24 h were 28 times. The
numbers of the longest burst in NSVT was 3-19 beats
(average 6.8 &= 4.3). The fastest ventricular rate was
120-211 beats/min (average 156 + 28).

Table 1 shows the clinical background of our patients
divided into the NSVT-positive and NSVT-negative
groups. The two groups did not differ significantly in age,
family history of HCM and sudden cardiac death, history of
syncope, New York Heart Association function class,
medications, and blood biochemistry data. Male gender
ratio was significantly higher in the NSVT-positive group

(15/17 patients, 88.2 %) than in the NSVT-negative group
(37/64 patients, 57.8 %) (p = 0.02). The prevalence of
atrial fibrillation (AF) was significantly higher in the
NSVT-positive group (5/17 patients, 29.4 %) than in the
NSVT-negative group (2/64 patients, 3.1 %) (p = 0.0006).

CMR findings

Table 2 shows the CMR findings in our patients divided
into the NSVT-positive and NSVT-negative groups. The
two groups did not differ significantly in the LVEDV
index, LV mass index, and maximal LV wall thickness.
However, the LVESV index was significantly greater in the
NSVT-positive group (32.2 & 15.9 ml/m?) than in the
NSVT-negative group (23.3 + 14.9 ml/m?) (p = 0.034).
The LVEF was significantly lower in the NSVT-positive
group (54.8 = 10.9 %) than in the NSVT-negative group
(65.1 £ 10.6 %) (p = 0.0007).

Myocardial T2-high signal was less frequently observed
in 15/81 (18.5 %) patients, whereas LGE was identified in
63/81 (77.8 %) patients (p < 0.0001). The prevalence of
LGE was similar in patients with and without NSVT [16/17
(94.1 %) vs. 47164 (73.4 %), p = 0.07]. On the other hand,
the number of segments with LGE was significantly higher
in the NSVT-positive group (5.8 £ 3.3) than in the NSVT-
negative group (2.7 & 2.7) (p < 0.0001). Furthermore, the
prevalence of T2-high signal was significantly higher in the

Table 1 Clinical characteristics

of hypertraphic cardiomyopathy NSVT-positive NSVT-negative  p value
patients (n=17) (n = 64)
Age (years) 63 + 17 59 + 17 0.38
Male gender (%) 15 (88.2) 37 (57.8) 0.02
Family history of HCM (%) 2 (11.8) 7 (10.9) 0.9
Family history of SCD (%) 2 (11.8) 7 (10.9) 0.9
History of syncope (%) 2 (11.8) 7 (10.9) 0.9
DM (%) 6 (35.3) 10 (15.6) 0.07
HT (%) 6 (35.3) 25 (39.1) 0.8
AF (%) 5(29.4) 2 (3.1 0.0006
NYHA function class III or IV (%) 2 (11.8) 9 (14.1) 0.8
Medication (%)
Angiotensin-converting enzyme inhibitor/angiotensin 10 (58.8) 23 (35.9) 0.09
II receptor blocker
Beta-blocker 13 (76.5) 45 (70.3) 0.62
Calcium antagonist 6 (35.3) 17 (26.6) 0.48
Antiarrhytmics (class I) 3 (17.6) 24 (37.5) 0.12
HCM hypertrophic Antiarrhytmics (class I1I) 0 (0.0) 1(1.6) 0.6
cardiomyopathy, NSVT Spironolactone 3(17.6) 6 (9.4) 0.33
:’;:;fy‘fgggdsvé’gtrs‘ﬁggfn Diuretics 4(235) 6 (9.4) 0.11
cardiac death, DM diabetes Blood biochemistry data
mellitus, HT hypertension, AF High sensitivity C-reactive protein (mg/dl) 0.39 + 0.58 044 £ 1.0 0.9
atrial fibrillation, NYHA New Brain natriuretic peptide (pg/ml) 401.8 +£ 3974 3363 +£3400 05

York Heart Association
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Table 2 Cardiac magn etic NSVT-positive NSVT-negative p value

resonance characteristics of = 17) (n = 64)

hypertrophic cardiomyopathy _ _

patients LVEDVI (ml/m?) 69.8 £ 22.6 63.5 £ 18.7 0.24
LVESVI (ml/m?) 322+ 159 233 + 149 0.034
LV EF (%) 54.8 £ 10.9 65.1 £ 10.6 0.0007
LV mass index (g/m?) 79.5 £ 412 72.8 £+ 28.1 0.44

NS]YT nOdf}SHSLtﬁ‘lifieg Vemri?l;l-’ﬂ/lr Maximal LV wall thickness (mm) 218 £59 20.4 + 4.9 0.34

tachycardia, eft ventricle

ventricular, EDVI end-diastolic Presence of LGE (%) 16 (94.1) 47 (73.4) 0.07

volume index, ESVI end- Extent of LGE (number of segments) 58 +33 27 £2.7 <0.0001

systolic volume index, EF Presence of T2-high signal (%) 9 (52.9) 6 (9.4) <0.0001

ejection fraction, LGE late Extent of T2-high signal (number of segments) 0.9 =+ 1.1 02+ 08 0.0042

gadolinium enhancement

a TZ-high signal b LGE

clo

Fig. 1 Distributions of T2-high signal (a) and late gadolinium
enhancement (LGE) (b) in the myocardium of the left ventricle for
all our patients with hypertrophic cardiomyopathy. a The distribution
of a total of 30 segments of the T2-high signal is shown based on the
17-segment model with the total positive number in each segment.
b The distribution of a total of 270 segments of the LGE is shown
based on the 17-segment model with the total positive number in each
segment. The segments of myocardial T2-high signal are the most
frequently identified in the ventricular septum at the basal to mid
portion, such as the basal anteroseptal, mid inferoseptal, and mid
anteroseptal segments. Those of LGE are frequently recognized not
only in the ventricular septum at the basal to mid portion but also in
the apical region

NSVT-positive group (9/17 patients, 52.9 %) than in the
NSVT-negative group (6/64 patients, 9.4 %) (p < 0.0001).
The number of segments with T2-high signal was signifi-
cantly higher in the NSVT-positive group (0.9 &+ 1.1) than
in the NSVT-negative group (0.2 + 0.8) (»p = 0.0042).

Distribution and correlation of T2-high signal and LGE

Figure la, b shows the distribution of T2-high signal and
LGE areas for all our patients using the LV 17-segment
model. Myocardial T2-high signal areas were the most
frequently identified in the ventricular septum at the basal
to mid portion, such as the basal anteroseptal, mid infero-
septal, and mid anteroseptal segments. LGE areas were
frequently recognized not only in the ventricular septum at
the basal to mid portion but also in the apical region.

- e
T2-weighted image

Fig. 2 Cardiac magnetic resonance images of late gadolinium
enhancement (LGE) and T2-weighted imaging in two different
patients (a, b) with hypertrophic cardiomyopathy showing both LGE
and T2-high signal in the myocardium of the left ventricle. The LGE
images (upper panel) and T2-weighted images (lower panel) are
shown at the identical slice location in the same view for each patient.
The areas of T2-high signal corresponded well to and are localized
within those of LGE in all these patients

In the 15 patients with myocardial T2-high signal, a total
of 30 segments of the high signal were observed (mean
2.0 + 1.3 sites per patient) referring to the 17-segment
model. All the segments of T2-high signal corresponded to
those of LGE in each patient, and each T2-high signal area
was localized within the corresponding LGE area, as
shown in Fig. 2a, b.
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Table 3 Cochran—Armitage test for the relation between LGE and T2-high signal

Extent of LGE (number of segments) Low (<1)n =28 Mid 2-4) n = 28 High (5<)n =125 Trend-p
T2-high signal, n (%) 0 (0.0) 2(7.1) 13 (52.0) <0.0001
Trend-p p value in Cochran—Armitage test, LGE late gadolinium enhancement
Table 4 Logistic regression analysis for the risk of nonsustained ventricular tachycardia

Univariate model Multivariate model

OR 95 % CI) p value OR 95 % CI) p value
Age (years) 1.02 0.98-1.05 0.3585
Male gender (vs. female) 5.62 1.18-26.70 0.0297 1.47 0.22-9.75 0.6913
Family history of HCM 1.07 0.20-5.68 0.9397
Family history of SCD 1.07 0.20-5.68 0.9397
History of syncope 1.07 0.20-5.68 0.9397
DM 2.89 0.87-9.62 0.0836 7.10 0.99-50.90 0.0511
AF 12.71 2.20-73.33 0.0045 28.08 3.03-260.00 0.0033
NYHA function class 1.15 0.58-2.27 0.6947
LVEDVI (ml/m?) 1.02 0.99-1.04 0.2431
LVEF (%) 0.92 0.87-0.97 0.0037 0.93 0.87-0.99 0.0291
LV mass index (g/mz) 1.01 0.99-1.02 0.4362
Maximal LV wall thickness (mm) 1.05 0.95-1.16 0.3592
LGE (tertile) 4.16 1.74-9.93 0.0013
Presence of T2-high signal 10.69 3.00-38.08 0.0003 13.61 2.48-74.62 0.0026

OR odds ratio, CI confidence interval, HCM hypertrophic cardiomyopathy, SCD sudden cardiac death, DM diabetes mellitus, AF atrial
fibrillation, NYHA New York Heart Association, LV left ventricle/ventricular, EDVI end-diastolic volume index, ESVI end-systolic volume index,

EF ejection fraction, LGE late gadolinium enhancement

Table 5 Multivariate logistic regression analysis with stepwise var-
iable selection for the risk of nonsustained ventricular tachycardia

OR 95 % CI) p value
Model 1 [excluded LGE (tertile) as variable]
DM 7.36 1.04-51.99 0.0455
AF 29.49 3.27-265.70 0.0025
LVEF (%) 0.93 0.87-0.99 0.0222
Presence of T2-high signal 14.96 2.85-78.39 0.0014
Model 2 (excluded presence of T2-high signal as variable)
AF 8.92 1.21-65.93 0.0320
LVEF (%) 0.93 0.88-0.99 0.0207
LGE (tertile) 3.54 1.41-8.91 0.0073

OR odds ratio, CI confidence interval, DM diabetes mellitus, AF atrial
fibrillation, LVEF left ventricular ejection fraction, LGE late gado-
linium enhancement

Relation between LGE and T2-high signal

Table 3 shows the relation between the extent of LGE and
T2-high signal. We performed semi-quantitative analysis
of the extent of LGE by using the number of segments with
LGE referring to the 17-segment model. We divided the
extent of LGE for tertile (number of segments; low: <1,
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mid: 24, high: 5<) because of the small number of study
patients, and examined the relation between the extent of
LGE and T2-high signal using Cochran—Armitage test. A
statistically significant correlation was observed between
the extent of LGE and T2-high signal (p < 0.0001). This
result suggested that the extent of LGE and T2-high signal
were same direction to predict the NSVT.

Predictors for NSVT

Tables 4 and 5 show the results of logistic regression
analysis. We performed the univariate analysis on the
variables considered to be correlated with NSVT in clinical
practice. For multivariate analysis, those variables with a
p value <0.1 on univariate analysis were entered into the
model. Furthermore, we performed logistic regression
analysis with stepwise variable selection. On the logistic
regression with stepwise variable selection, the odds ratio
for LGE (tertile) and T2-high signal were obtained sepa-
rately because of the significant correlation between the
extent of LGE and presence of T2-high signal. Table 5
shows two types of analysis (model 1 and model 2). We
excluded LGE (tertile) as variable in model 1, and exclu-
ded T2 high signal in model 2.
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On the logistic regression with stepwise variable selec-
tion (model 1), the four variables that were found to be
independently associated with NSVT consisted of the
presence of DM (OR 7.36, 95 % CI 1.04-51.99,
p = 0.0455), the presence of AF (OR 29.49, 95 % CI
3.27-265.70, p = 0.0025), the presence of T2-high sig-
nal(OR 14.96, 95 % CI 2.85-78.39, p = 0.0014), and the
reduced LVEF (OR 0.93, 95 % CI1 0.87-0.99, p = 0.0222).
The odds ratio of T2 high signal was higher than that of
LGE (tertile) (OR 14.96 vs. 3.54).

Discussion

In HCM patients, Adabag et al. [13] observed that NSVT
had high sensitivity but low specificity as a risk of sudden
death. They simultaneously pointed out that this result was
probably influenced by the low incidence of sudden death
in their study patients. According to recent large-scale
studies regarding the prognosis of HCM patients, no sig-
nificant relationship was recognized between the number of
conventional risk factors including NSVT and the rate of
appropriate intracardiac defibrillator (ICD) therapy for
secondary prevention of sudden death [14]. In contrast,
NSVT was identified as an independent predictor of sus-
tained ventricular tachycardia or fibrillation and appropri-
ate ICD therapy by multivariate analysis [15]. Thus, there
is as yet no consensus on the clinical significance of NSVT.
However, ventricular arrhythmia including NSVT is still
considered to be an important risk factor related to sudden
death in HCM patients.

In the present study, the presence of AF, the presence of
DM, reduced LVEF, and the presence of myocardial T2-
high signal were identified as significant independent pre-
dictors of NSVT by multivariate analysis. Together with
ventricular tachycardia, AF is an important arrhythmia for
HCM patients [16]. AF has been reported to be a frequent
concurrent condition in HCM patients with advanced
myocardial impairments, such as enlarged ventricular
cavity and reduced contraction [17]. Thus, it is not sur-
prising that AF and reduced LVEF are independent pre-
dictors of NSVT. Diabetes mellitus has been shown to be a
significant risk factor of ischemic heart disease unques-
tionably. Chen-Scarabelli et al. [18] reported that the high
level hemoglobin Alc had a significant association with
spontaneous VT. They speculated the mechanisms of
hyperglycemia-induced  ventricular instability = were
increasing sympathetic activity and free radical production.
Thus, these mechanisms may be applicable to our study
patients.

Also for HCM patients, recent advances in CMR
imaging technique allow the accurate measurement of the
LV volume, systolic and diastolic function, and myocardial

mass and the detailed morphological evaluation of cardiac
hypertrophy. Importantly, LGE on CMR is widely con-
sidered to pathologically represent myocardial fibrosis [19,
20] and has been reported to be related to ventricular
arrhythmia and poor prognosis in HCM patients [4-7].
Choudhry et al. [21] reported LGE on CMR was observed
only in hypertrophied regions, as shown in our patients,
and correlated inversely with regional contraction. Exten-
sive LGE has been observed in patients with the dilated-
phase HCM [22]. Interestingly, myocardial T2-high signal
was an independent predictor with a high odds ratio of
14.96 in our study.

Myocardial T2-high signal is related to the water content
of myocardium. In patients with acute myocardial infarc-
tion, since the edematous portion of the myocardium shows
high signal [23], T2-weighted imaging has been reported to
be useful for identifying the myocardial area at risk [24].
T2-high signal is also observed and diagnostically useful in
patients with acute myocarditis and Takotsubo cardiomy-
opathy [25, 26]. Recently, myocardial T2-high signal has
been observed in some patients with HCM [9, 10]. Mela-
cini et al. [10] reported that the T2-high signal areas were
localized within the LGE areas in those patients. They
speculated that since, on CMR first pass perfusion image,
perfusion defects were detected in the T2-high signal areas,
the T2-high signal may indicate acute or subacute ischemic
event or microvascular damage. In the present study,
myocardial T2-high signal was always observed in the
LGE areas or the patients with the LGE, as reported in
previous studies [9, 10]. The study of HCM patients by
Knaapen et al. [27] using positron emission tomography as
a reference showed that LGE may not simply represent
fibrosis as in patients with old myocardial infarction, but
involve other pathologic changes. Histopathological stud-
ies reported a mixture of cellular components, necrosis, and
small blood vessels within the LGE areas in HCM [28, 29].
We speculate that myocardial T2-high signal may reflect a
certain pathological alternation among the tissue mixture
within LGE areas, and this alternation may trigger NSVT.
Thus, the T2-high signal may be more directly related to
NSVT than LGE. In all those reports, however, the clinical
assumptions could not be verified by histopathological
findings, and the definite cause of the T2-high signal
remains unknown.

Rubinshtein et al. [30] reported that the comparison study
of the incidence of cardiovascular event rate in HCM
patients with and without LGE did not achieve a statistically
significant difference, although this result was considered to
be influenced by the low event rate and short follow-up
period. Bruder et al. [31] reported cardiac mortality in HCM
patients with LGE exceeded that without LGE but that there
was no significant difference in the incidence of sudden
cardiac death between them. Appelbaum et al. [32] reported
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the magnitude of LGE may be more important for the
identification of patients at risk for the generation of ven-
tricular tachyarrhythmias than only the presence of LGE.
For screening high-risk HCM patients, T2-high signal is
expected to be clinically useful as a new predictor for
ventricular tachyarrhythmias from our results. In addition,
T2-weighted imaging is superior to LGE study because of
no need of the use of gadolinium contrast medium, espe-
cially when examining patients with impaired renal function
who have a high risk of nephrogenic systemic fibrosis and
who are not indication for LGE study.

Limitations

The present study had several limitations. First, the defi-
nition of myocardial T2-high signal has not been univer-
sally determined, and our definition may not be acceptable.
Myocardial signal intensity on T2-weighted imaging may
be variable depending on several factors, including CMR
hardware and imaging technique. Thus, based on previous
CMR experience at our institution, the three readers, in
consensus, originally determined the definition of myo-
cardial T2-high signal in this study. By our definition, the
T2-high signal was clearly identified as a bright area in the
LV myocardium to all those readers. In contrast, some mild
but significant T2-high signal areas may be overlooked.
Second, we could not perform a quantitative analysis of
LGE extension in detail. We assessed only a 17-segment-
based semi-quantitative evaluation of LGE. Third, we did
not investigate pathological findings of myocardial T2-high
signal. The definite mechanism of T2-high signal in the
relation to NSVT remains unclear. Fourth, this study was
retrospective and observational using the relatively small
number of patients. Finally, we only assessed predictors of
NSVT recorded by Holter ECG at once. In the future, the
relationship between the presence of T2-high signal and the
long-term prognosis or various cardiac complications
should be prospectively studied using a large number of
HCM patients.

Conclusions

Myocardial T2-high signal is a significant independent
predictor of NSVT in patients with HCM. Although the
exact pathological mechanism of this high signal remains
unknown, this finding appears to be clinically interesting
and T2-weighted imaging on CMR may be useful for the
risk stratification of those patients.
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