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Abstract
We used peak longitudinal strain (PLS) on TTE in HCM patients to differentiate LV myocardium (LVM) into the following 
4 groups: group 1—no fibrosis or hypertrophy (≥ 13 mm), group 2—no fibrosis but hypertrophy evident, group 3—fibro-
sis present but without hypertrophy, and group 4—both fibrosis and hypertrophy. Seventeen HCM patients (13 males, 
56 ± 16 years) underwent both 1.5 T CMR and TTE. On TTE, PLS (absolute values) for each LVM segment from 17 AHA-
defined lesions was calculated. Of 289 LVM lesions, the numbers in each group, 1–4, were 156, 53, 39, and 41, respectively. 
PLS for LVM segments in group 1 (13.6 ± 6.4%) were significantly greater than those in group 2 (8.5 ±  4.9%, P < 0.001), 
group 3 (10.4 ± 5.0%, P = 0.006), and group 4 (7.1 ± 4.4%, P < 0.001). PLS for LVM segments in group 3 was significantly 
greater than those in group 4 (P = 0.016). However, significant differences in PLS in LVM between groups 2 and 3, and 
between 2 and 4 were not observed. Using regional PLS, we demonstrate successful differentiation of LVM in HCM patients 
for group 1 (LVM with zero fibrosis or hypertrophy) from LVM belonging to groups 2–4 and we also demonstrate successful 
differentiation of LVM with fibrosis present but without hypertrophy from LVM with both fibrosis and hypertrophy. How-
ever, it is not possible to differentiate between LVM with no fibrosis but hypertrophy evident and those with fibrosis present 
but without hypertrophy and also between LVM with no fibrosis but hypertrophy evident and those with both fibrosis and 
hypertrophy. Our findings have significant implications for the management of HCM patients.
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Introduction

Hypertrophic cardiomyopathy (HCM) patients have several 
abnormal findings such as coronary artery disease [1], gene 
mutations [2], and the extent of late gadolinium enhance-
ment (LGE), suggesting the presence of fibrosis in the left 
ventricular myocardium (LVM) measured by cardiac mag-
netic resonance (CMR) [3], and these parameters may have 
prognostic predictive values.

Both fibrosis and hypertrophy in the LVM measured by 
CMR adversely influence peak longitudinal strain (PLS) 
values (absolute values) measured by two-dimensional 
speckle-tracking transthoracic echocardiography (TTE) at 
corresponding sites [4–7].

We hypothesized that quantitative values of PLS assessed 
in HCM patients by TTE could be used to differentiate LVM 
into the following 4 groups: group 1—zero fibrosis or hyper-
trophy, group 2—no fibrosis but hypertrophy evident, group 
3—fibrosis present but no hypertrophy, and group 4—pres-
ence of fibrosis and hypertrophy.
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Methods

Patient population

Seventeen HCM patients were enrolled and (13 males, mean 
age 56 ± 16 years) underwent both 1.5 T CMR (Achieva, 
Philips) and TTE (Vivid E9, GE Healthcare). Patient back-
ground and basic TTE findings are presented in Table 1.

Speckle‑tracking TTE

On TTE, PLS (absolute values) for each LVM segment 
among 17 lesions (as defined by American Heart Associa-
tion [8]) were calculated using Echo PAC, version 113 (GE 
Healthcare) (Fig. 1) [9, 10].

CMR protocol

Both fibrosis and hypertrophy were determined by CMR 
[11]. On CMR, the patients were placed supine in a clinical 
1.5 T magnetic resonance imaging (MRI) with 5-channel 
cardiac coils around the chest. All CMR were obtained using 
electrocardiogram gating and during repeated breath-holds, 
as previously reported [12]. Surface-coil intensity correc-
tion was performed for cine CMR and CMR for LGE. Cine 
CMR images were acquired with a steady-state free pre-
cession sequence. After acquiring cine CMR on the 2- and 
4-chamber long-axis projections, we obtained short axis 
cine CMR encompassing the LV from base to apex. CMR 
for LGE were acquired 10–15 min after intravenous admin-
istration of 0.15 mmol/kg of gadopentetate dimeglumine 
(Magnevist; Schering AG). An inversion recovery prepared, 

T1-weighted, three dimensional gradient-echo sequence 
was used to obtain CMR for LGE in the same plane as cine 
images. The inversion time was adjusted to minimize the 
signal from the normal myocardium in each patient, using a 
look-locker sequence to find a null point in normal myocar-
dium. A typical inversion time for LGE CMR ranged from 
230 to 300 ms. Imaging data were analyzed on workstations 
(Ziostation 2, Ziosoft).

Fibrosis was defined as LGE on T1-weighted images in 
CMR (Fig. 2).

Hypertrophy was defined as myocardial tissue 
with ≥ 13 mm wall thickness on CMR [13].

We compared regional PLS in each LVM segment strati-
fied into groups 1–4 as described above.

Statistical analysis

For all analyses, P < 0.05 was considered to be statistically 
significant. Regional PLS (absolute values) on speckle-
tracking TTE between LV lesions with and without fibrosis 
and LV lesions with and without hypertrophy on CMR 
were compared using the t test (SPSS software, version 
17.0, SPSS, Inc.). Regional PLS (absolute values) in each 
LVM segment stratified into groups 1–4 as described 

Table 1   Patient background and basic transthoracic echocardio-
graphic (TTE) findings in this population

MRI magnetic resonance imaging, LV left ventricle

N = 17

Age (years) 56 ± 16
Male 13 (76%)
Time interval between TTE and MRI (months) 4.2 ± 4.7
Hypertrophic obstructive cardiomyopathy 4 (24%)
Dilated phase hypertrophic cardiomyopathy 0 (0%)
Left atrial dimension (mm) 44.5 ± 7.6
Left atrial volume index (ml/m2) 30.1 ± 11.2
Inter-ventricular septum thickness diameter on end 

diastole (mm)
17.4 ± 4.7

LV posterior wall thickness on end diastole (mm) 10.1 ± 1.9
LV end-diastolic dimension (mm) 48.0 ± 6.1
LV end-systolic dimension (mm) 29.8 ± 4.4
LV ejection fraction (%) 64.2 ± 6.7

Fig. 1   Actual images of left ventricular (LV) regional peak longitu-
dinal strain (PLS) strain analysis (upper image) and its strain chart 
(lower figure) on two-dimensional speckle-tracking transthoracic 
echocardiogram (TTE). PLS measured by TTE for each LV segment 
from 17 lesions (as defined by American Heart Association) was cal-
culated using Echo PAC, version 113 (GE Healthcare). In the strain 
chart, the dotted line indicates global strain (GS), an average of the 
six solid lines. Each colored line indicates strain change during the 
cardiac cycle at the corresponding colored site in the LV myocardium 
shown in the upper TTE image. AVC aortic valve closure
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above were compared using Tukey–Kramer method or 
Games–Howell method depending upon the results of 
Levene test (SPSS software, version 17.0, SPSS, Inc.).

This is a retrospective study according to guidelines. 
TTE and CMR were required clinically in all subjects. 
We obtained written informed consent from all subjects.

Results

Of 289 LVM lesions, LGE, suggesting fibrosis, was 
detected in 80 LVM lesions, and not detected in 209 LVM 
lesions.

PLS was significantly smaller in fibrotic lesions 
(8.7 ± 5.0%) than in non-fibrotic lesions (12.3 ± 6.4%) 
(P < 0.001) (Fig. 3).

PLS values in LVM with hypertrophy (N = 94) 
(7.9 ± 4.7%) were significantly less than that in LVM with-
out hypertrophy (N = 195) (12.9 ± 6.3%) (P < 0.001) (Fig. 4).

Of 289 LVM lesions, the numbers in each group, 1–4, 
were 156, 53, 39, and 41, respectively.

PLS for LVM segments in group 1 (13.6 ± 6.4%) were 
significantly greater than those in group 2 (8.5 ± 4.9%, 
P < 0.001), group 3 (10.4 ± 5.0%, P = 0.006), and group 4 
(7.1 ± 4.4%, P < 0.001) (Fig. 5). PLS for LVM segments 
in group 3 was significantly greater than those in group 
4 (P = 0.016). However, significant differences in PLS in 
LVM between groups 2 and 3, and between 2 and 4 were 
not observed.

Discussion

The relationship of regional PLS to LGE has been reported 
previously [14], and our results are consistent with those 
findings. Furthermore, in this study, we reported the 
influences of myocardial hypertrophy or the combination 

Fig. 2   Typical late gadolinium enhancement image observed in 
T1-weighted cardiac magnetic resonance, suggesting the presence of 
myocardial fibrosis, in a patient with hypertrophic cardiomyopathy. 
Myocardial fibrosis was observed in the LV anterior and inferior wall 
(arrows). LV and RV indicate left and right ventricles, respectively

Fig. 3   Comparison of peak longitudinal strain (PLS) (absolute val-
ues) between left ventricular lesions, with and without fibrosis, in 
patients with hypertrophic cardiomyopathy. PLS was significantly 
smaller in fibrotic lesions (N = 80) (8.7 ± 5.0%) than in non-fibrotic 
lesions (N = 209) (12.3 ± 6.4%) (P < 0.001)

Fig. 4   Comparison of peak longitudinal strain (PLS; absolute values) 
between left ventricular (LV) myocardium classified by the pres-
ence or absence of hypertrophy (≥ 13 mm wall thickness) measured 
by MRI in patients with hypertrophic cardiomyopathy. PLS val-
ues in LV myocardium with hypertrophy (N = 94) (7.9 ± 4.7%) were 
significantly less than that in LV myocardium without hypertrophy 
(N = 195) (12.9 ± 6.3%) (P < 0.001)
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of LGE and myocardial hypertrophy on PLS in HCM 
patients.

Our hypothesis is that PLS is influenced by both the 
presence of fibrosis and wall hypertrophy, although the 
mechanism of the influence of hypertrophy on PLS values 
is unclear. As the low numbers of HCM patients in this study 
makes it difficult to conclude whether PLS can or cannot (the 
conclusion of this study) differentiate LVM in the proposed 
4 groups. However, our results indicate that PLS in LVM 
without fibrosis or hypertrophy was significantly greater 
than that of the other 3 groups. In Fig. 3, PLS values were 
significantly lower in the LVM with fibrosis group than in 
the LVM without fibrosis group. In Fig. 4, PLS values were 
significantly lower in the LVM with hypertrophy group 
than in the LVM without hypertrophy group. Furthermore, 
in Fig. 5, PLS values were the lowest in the LVM with both 
fibrosis and hypertrophy among the proposed 4 groups. 

From these results, we suggest that hypertrophy may have 
some influence on PLS values.

Strain is defined as the deformation of an object, nor-
malized to its original shape [15] and is influenced by the 
presence of fibrotic or hypertrophic lesions [4–7]. Okada 
reported that timing and waveform analyses of systolic 
strain rate may be useful to distinguish between HCM and 
hypertension [16]. Even in this small study using a limited 
numbers of HCM patients (N = 17) and using regional PLS, 
we were still able to successfully differentiate LVM from 
HCM patients in group 1 (LVM with neither fibrosis nor 
hypertrophy) from LVM belonging to groups 2–4. However, 
it was not possible to differentiate LVM with fibrosis from 
that with hypertrophy. The reason of this result may be (1) 
the number of patients was small and (2) we defined hyper-
trophy as myocardial tissue with ≥ 13 mm wall thickness 
by CMR.

Quantitative absolute values of LV wall thickness meas-
ured in a larger numbers of patients may produce better 
results.

On the other hand, LGE on CMR, suggesting the pres-
ence of fibrotic lesions, indicates irreversible myocardial 
modification. Therefore, there may be disagreement between 
the presence of LGE seen on CMR and the reduction in PLS 
indicating functional abnormality.

Significant implications for patient management

If the patients had advanced renal dysfunction, perform-
ing an MRI-enhanced examination is contraindicated in 
such patients. Therefore, in the future, if myocardium 
with fibrotic change can be detected with two-dimensional 
speckle-tracking TTE, similar to the detection of LGE on 
MRI, we can predict future cardiac events and can evaluate 
the appropriateness of application of an implantable car-
dioverter defibrillator by TTE rather than LGE on CMR in 
patients with advanced renal dysfunction.

Furthermore, the numbers of institute, with available 
CMR, are limited, and if TTE can detect fibrotic lesions, 
the significance of speckle-tracking TTE would increase.

Previously, we reported that multilayer strain measure-
ment on TTE allows layer-specific PLS measurement (endo-
cardial, epicardial, and whole layer myocardial strain) in 
HCM [17], ischemic heart disease [10], collagen disease [9], 
pulmonary hypertension [18], and valvular disease [19–21]. 
This new layer PLS measurement technique may help to 
better estimate PLS surrogacy to myocardial fibrosis and 
hypertrophy in the future.

Study limitations

This is a non-randomized study in a single center with small 
numbers of patients.

Fig. 5   Comparison of peak longitudinal strain (PLS) (absolute val-
ues) among 4 types of left ventricular (LV) myocardium classified 
by presence or absence of fibrosis and/or hypertrophy in patients 
with hypertrophic cardiomyopathy. On a segment based analysis, 
LV myocardium was divided into four groups; group 1—no fibro-
sis or hypertrophy, group 2—no fibrosis but evident hypertrophy, 
group 3—fibrosis present but no hypertrophy, and group 4—both 
fibrosis and hypertrophy. Hypertrophy was defined as myocardial tis-
sue with ≥ 13  mm wall thickness measured by magnetic resonance 
imaging. PLS for LV segments in group 1 (13.6 ± 6.4%) were signifi-
cantly greater than those in group 2 (8.5 ± 4.9%, P < 0.001), group 3 
(10.4 ± 5.0%, P = 0.006), and group 4 (7.1 ± 4.4%, P < 0.001). PLS 
for LV segments in group 3 was significantly greater than those in 
group 4 (P = 0.016). However, significant differences in PLS in LV 
segments between groups 2 and 3, and between 2 and 4 were not 
observed
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In this study, we measured regional PLS in whole layer 
LV myocardium. However, measurement of regional PLS 
in asymmetrical and abnormal wall thickened LV myo-
cardium in HCM patients may not be consistent with the 
measurement of a true whole layer PLS, because the con-
figuration of the thickened LV myocardium is beyond the 
pre-defined contour. This discrepancy would be influ-
enced by the degree of hypertrophy or spatial relationship 
with hypertrophic site.

We did not attempt to detect hypertrophy from PLS, 
because hypertrophy can be detected by TTE. However, 
we aimed to detect fibrotic change, as confirmed on 
CMR, by TTE, with consideration of the influence of 
hypertrophy.

Multi-variable analysis should be performed to evalu-
ate the relationship between the PLS values, myocardial 
fibrosis, and the influence of wall thickening. However, 
due to the small numbers of the patients, a limitation of 
this study, we could not perform such analysis.

In our study, a new finding of “the impaired influence 
of hypertrophy on PLS” is added to “the impaired influ-
ence of the presence of fibrosis on PLS”, the latter of 
which has been already reported [14].

In the near future, we plan to evaluate our hypothesis 
in a larger patient population. Furthermore, in future 
studies, we hope to differentiate LV hypertrophy with LV 
wall thickening due to infiltrative disease (such as cardiac 
amyloidosis) or storage disease (such as cardiac Fabry 
disease) using this technique.

Normal values of PLS vary depending upon the loca-
tion of the LVM and between locations. In particular, PLS 
values in the LV apex tend to be greater than that in other 
locations [22], and this locational effect on PLS values 
should be considered when we examine a larger popula-
tion in the future.

Diffuse fibrosis may not be detected as LGE on CMR, 
but the presence of diffuse fibrosis may influence the PLS 
values. Therefore, T1 mapping on MRI [23] should also 
evaluate the presence of diffuse fibrosis in LVM, which 
may influence PLS values on TTE.

We have previously evaluated inter- and intra-observer 
consistency in LV myocardial strain measurement in 
patients with severe aortic stenosis and preserved LV 
ejection fraction [19]. However, in this present study, 
we did not evaluate the performance of inter- and intra-
observer consistency in the detection of fibrosis and 
hypertrophy.

This is not a quantitative, but a qualitative study, 
designed to evaluate detection of LGE and hypertrophy. 
LV mass index may be more preferable as the indicator 
of LV wall hypertrophy than the presence of ≥ 13 mm LV 
wall thickness, we did not quantify the area, volume or the 
degree of LGE.

Conclusion

Using regional PLS, we have demonstrated successful dif-
ferentiation of LVM from HCM patients in group 1 (LVM 
with no fibrosis or hypertrophy) from LVM belonging to 
groups 2–4. We have also demonstrated successful differ-
entiation of LVM with fibrosis present but without hyper-
trophy from LVM with both fibrosis and hypertrophy. 
However, it is not possible to differentiate between group 2 
(LVM with no fibrosis but hypertrophy evident) and group 
3 (those with fibrosis present but without hypertrophy) and 
also between group 2 (LVM with no fibrosis but hyper-
trophy evident) and group 4 (those with both fibrosis and 
hypertrophy). Our findings could have significant implica-
tions for the management HCM patients.
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