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Abstract

Background: Hypertrophic cardiomyopathy (HCM) is a genetic disease was characterised by left ventricular
hypertrophy (LVH), myocardial fibrosis, fiber disarray. The short-axis systolic function is important in left ventricle

function.

Methods: Forty one healthy subjects and 37 HCM patients were enrolled for this research. Parasternal
short-axis at the basal, middle, and apical levels were acquired by Echocardiography. The peak systolic
circumferential strain of the endocardial, the middle and the epicardial layers, the peak systolic radial strain,
and the peak systolic rotational degrees at different short-axis levels were measured by 2-dimensional speckle

tracking imaging (2D-STI).

Results: The peak systolic circumferential strain of the septum and anterior walls in HCM patients was
significantly lower than normal subjects. All of the peak systolic radial strain in HCM patients was significantly
lower than normal subjects. The rotational degrees at the base and middle short-axis levels in HCM patients
were larger than normal subjects. The interventricular septal thickness in end-diastolic period correlated to the

peak systolic circumferential strain of the septum wall.

Conclusions: The short-axis systolic function was impaired in HCM patients. The peak circumferential systolic
strain of the different layers, peak systolic radial strain and rotation degrees of the different short-axis levels
detected by 2D-STI are very feasible for assessing the short-axis function in HCM patients.

Keywords: Two-dimensional speckle tracking imaging, Hypertrophic cardiomyopathy, Circumferential, Radial,

Strain

Background

Hypertrophic cardiomyopathy (HCM) is a common car-
diac disease [1, 2]. As the universal use of the echocardi-
ography, computer tomography, and magnetic resonance
imaging, the discovery of HCM have increased annually
[3-6]. The disease is characterized by thickening the
ventricular myocardium walls [7]. It is a genetic disorder
of the myocardium caused by mutations in cardiac sar-
comeric proteins. The pathology of HCM is the gross of
the cardiac myocardial hypertrophy and fiber disarray.
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HCM patients often asymptomatic throughout life, but
someone may have severe symptoms like sudden cardiac
death at a young age [8, 9].

Two-dimensional speckle tracking imaging (2D-
STI) can assess myocardial function accurately [10].
Currently, researches mainly focussed on myocardial
function by detected the global myocardial strain,
strain rate and torsion [11-16]. As we know, a nor-
mal myocardium is contained three layers: endocar-
dial, middle myocardial and epicardial layers [17, 18].
Endocardial and epicardial layers are longitudinal ori-
ented, and the middle myocardial is circumferential
oriented. When the longitudinal and circumferential
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myocardium contract and relax, the cardiac myocar-
dium deformation occurs in three directions: longitu-
dinally, circumferentially, and radially. Our previous
study showed that in HCM patients, the longitudinal
function was damaged, even with normal LV ejection
fraction [19], however, short-axis cardiac function as
circumferentially and radially is also essential like
longitudinally function. So, in this study, we mainly
analysed the short-axis function in HCM patients.

Of data, detect the peak circumferential systolic strain
of endocardial, middle myocardial, and epicardial layers
in HCM patients is rare. The innovations of this study
were @ Measure the peak systolic circumferential strain
of endocardial, middle myocardial, and epicardial layers
in patients with HCM. ® Measure the peak systolic ra-
dial strain in HCM patients. ® Measure the peak sys-
tolic rotation degrees at the different short-axis levels in
HCM patients, then to assess the changes in the left
ventricular systolic function at the short-axis levels in
HCM patients.

Methods

Ethical approvals

Recruitment to the study followed a full explanation of
our methods including the fact that there was no risk of
harm. Written informed consent was accepted. The
Human Subjects Committee of Changzhou No. 2
People’s Hospital approved this study.

Study sample

Thirty seven HCM patients and 41 age- and gender-
matched healthy subjects were enrolled for the re-
search. The diagnosis of HCM was based on the
transthoracic echocardiography findings, and the in-
clusion criteria were as follows [20]: M-mode and/or
2D echocardiographic evidence of wall thickness >
15 mm in one or more LV myocardial segments and
non-dilated left ventricle (LV). All enrolled HCM pa-
tients were had septal wall hypertrophy and with/
without other LV walls hypertrophy, in the absence of
another cardiac disease causing LVM hypertrophy,
such as hypertensive heart diseases, aortic valve sten-
osis. The normal subjects had no evidence of family
histories of HCM, hypertension, and any other dis-
eases. All of the physical examination tests, the elec-
trocardiogram and the echocardiography were normal.

Conventional 2D Doppler echocardiography

Thirty seven HCM patients and 41 normal subjects
all had conventional 2D Doppler echocardiography
(Vivid E9, GE Healthcare, Horten, Norway), Left atrial
diameter (LAD), interventricular septal thickness in
end-diastolic period (IVSD) and LV posterior wall
thickness in end-diastolic period (LVPWD) were
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measured in the parasternal long axis view of the left
ventricular by M-mode. Biplane Simpson’s method
was used to measure the LV ejection fractions (LVEF).
The peak velocities during early diastole (Ve) and late
diastole (Va) of the anterior mitral valve were
measured by pulsed-wave Doppler, and the ratio of
Ve/Va was calculated. ECG leads were connected to
each individual in all groups. Hold on the breath,
standard high frame rate (60-90/s) of the parasternal
short-axis views at the base, middle and apex of three
consecutive were acquired for offline analysis.

Data analysis for LV systolic function

We analysis the short-axis views at the base, middle and
apex using 2D-STI software (2D-Strain, EchoPac PC
version 113, GE Healthcare, Horten, Norway). Used the
button SAX-MV, SAX-PM and SAX-AP to sketched the
endocardial, respectively, then the software would create
a region of interest (ROI) automatically which contained
endocardial, middle myocardial and epicardial layers,
then adjusted the ROI to make the myocardium
included well. Approved the ROI, the software would
divide the LV into six segments, and then the peak
systolic circumferential strain of endocardial, middle
myocardial and epicardial layers, the peak radial systolic
strain and the different short-axis rotation degrees could
be calculated and recorded.

Statistical analysis

All of the analysis was performed using a commercially
available package (SPSS 17.0. SPSS Inc., Chicago, IL,
USA). Whether the distribution of the data in all sub-
jects was normal were assessed by Kolmogorov-
Smirnov’s test. If the data distribution was normal,
differences between HCM patients and normal subjects
were compared with an independent student t-test, for
variables with a non-normal distribution, the nonpara-
metric Mann-Whitney test was used. The correlation be-
tween the IVSD and the peak circumferential systolic
strain of endocardial, middle myocardial, and epicardial
layers, the radial systolic strain used the correlations test.
Pearson correlation was used if the data distribution was
normal, however, Spearman correlation was chosen if
the data distribution was non-normal distribution. Data
were presented as the mean+s.d.. Difference was
considered statistically significant in all tests when the
P-value was less than 0.05.

Results

Basic information in HCM patients and the normal subjects
The values of LAD, IVSD and LVPWD in HCM patients
were larger than normal subjects (p < 0.001). There were
no significant difference in LVEDV, LVESV, LVEE, Ve, Va
and Ve/Va (p > 0.05) (Table 1).



Page 3 of 9

Huang et al. BMC Cardiovascular Disorders (2018) 18:13

uoisiiedwod ay3 jo duedyiubls Yy Ayads st Jaquinu pjoq

19]43] |esW Jopslue JO 3jolselp die| Buunp ALDO[A Yead 3yl A 193] [eslw Joudue 4o 3joiselp Ales Buunp AdojaA yead ayi 3/ ‘UoiIdel) UOIIIRIB JBINDLIUBA 13| 4IAT ‘DWIN|OA D1j0ISAS-PUS JRINDLIUSA W3 ASTAT
‘SWINJOA D1|0ISBIP-PUS JBINDLIUSA Y3| AJIAT ‘POLSd DIj0ISBIP-PUS Ul SSBUNDIY} [|em Jo13sod JeINDLIUSA Y3] dMdAT ‘Poliad dijolselp-pua Ui ssausdiy) [23das JejndLIusAIRIUL gSA/ ‘938l Ueay YH ‘IS1awelp [euie ¥a| gy

£9€0 EvLo £0C°0 LEL0 ¥5€0 S¥80 1000 > 100°0 > 1000 > 0060 oN[eA-d
6£0+6C1 810+ 690 SI'0+¥80 9% 99 LF6C cLF08 L¥6 L¥6 €FG€E LFL (1) [euloN
LS0F6¢EL €COF 90 910+S20 9% /9 6F/C /L F08 L¥0l vF6L SF ELFCL (£€) WOH
BA/RA (5/w) ea (5/w) =/ (%) 4371 () ASIAT (W) AJ3AT (Ww) AMdAT (Ww) gsAl (Ww) av1 (wda) yH

(p's T ueaw) Aydesboipiedoyd] JojddoQ [PUOISUSUIJ-OM| [EUORUSAUOD WO} S193(gNS [0U0D pue siudned WDH Ul UonewIou| Jiseq 24| L djqeL



Page 4 of 9

Huang et al. BMC Cardiovascular Disorders (2018) 18:13

uoisiedwod ay) Jo aduediiubis ayy Aydads si Jaquinu pjoq
utens |eipel d1j03sAs yead SyS4 ‘Uleils [enuaIwiNI 1j01sAs yead §IS4

L00'0> €9'CL F6£Cr SS'LL+88LC 1000> 68V FSLSL- vL'YF80CL- ¢00'0 8T'SFESEC— 006G F896L— YeLo 859 + 80ve— CLLFEL e wndas
6000 €8'LL ¥ 6SEY 0Crl ¥ 996¢ 690 9l'v ¥ 09'8— Ly F v6'8— LEV0 'S F e6vl— LEG F685L— L710 Y9, F /8¢~ 6L, F LV~ Jousjul
9€0'0 6S'LLF9CTEY ECEL FSTLE G500 09€ ¥ 096~ CeF L= L20'0 68V +8S0L— S6'v +0CEL— 9000 SV/LF99°/LL- SL'8FT9CC- 101=150d
¢00'0 E€L'LL F LTTY ¢S'LLF59¢€¢€ 8950 8¢ ¥ 199— 85T ¥ 81'9— 7880 oSy ¥ 85C1l— SCe F SYel— 0Le0 Y9 F S6'0C— CEG F € |e11e7]

L00'0> T6'LL F90°LY SL'6 FTL'LT 1000> OLVFL6°LL— ELEFVT/L— 1000> €9°GF€88L— L9V FT6EL— G200 LOLF€T8C— EV9FELVC- JouLiuy

L00'0> 0SCL ¥ CTor 786 ¥68'€T LO00> 6T +S6'Sl— €8'EF9E6— L000> T9V FCI9€C~ 8SPF6L9L— 1000> C¥'SFOLPE— 9T9F9L'67— wWwnmdssluy

on[en-d (1) [PWION (L&) WOH  =njend (1) [PWION (L&) WOH  anjer (1) [BWION (L&) WDH  anjen (1) [PWION (£€) WOH

E_ULMU_QM _m_U\:qu\AE SIPPIN |elpiesopuy
(%) SYSd (%) SDOSd SIEM AT

(P's F ueaw) $103(gNs [0IU0D

pue siuaned \DH Ul Uless [eIpel D1j01SAS sead pue Siake| [e1piedida pue [eIpied0AW S|ppIw 3U3 ‘[BIPJedOPUS JO UIRIIS [BIIUSISHUNDID DIJ0ISAS yead ay3 Jo uoisuedwo)) g ajqeLl



Huang et al. BMC Cardiovascular Disorders (2018) 18:13

The peak systolic circumferential strain in different
myocardium layers

The trend of the peak systolic circumferential strain of
endocardial, middle myocardial, and epicardial layers of
all the subjects was: endocardial > middle myocardial >
epicardial. The strain absolute values of the anter-
septum and anterior walls (in all layers) in HCM patients
had significant lower than normal subjects. The strain
absolute values of the septum wall (middle and epicar-
dial layers) in HCM patients had significant lower than
normal subjects. The strain absolute values of the
posterior wall (endocardial and middle layers) in HCM
patients had significant larger than normal subjects.
Although the other walls had no significant difference,
the absolute values of HCM patients were larger than
normal subjects. (Table 2, Fig. 1).

The peak systolic radial strain

All of the peak systolic radial strain in HCM patients
was significantly lower than normal subjects. (Table 2,
Fig. 2).

Rotation degrees at different short-axis levels

In the systolic period, the LV apex wall rotated counter-
clockwise, whereas the LV basal wall rotated clockwise
in all subjects. Middle LV rotation was clockwise in
HCM patients. The absolute values of peak systolic rota-
tional degrees in the basal and middle short-axis levels
in HCM patients had significant larger than normal sub-
jects. (Table 3).
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The correlation between IVSD and the peak systolic
circumferential strain in different myocardium layers, the
peak systolic radial strain

The IVSD correlated well to the peak systolic circumfer-
ential strain of endocardial, middle myocardial, and
epicardial layers of the septum wall (Endocardial: r=
0.445, p = 0.006, Middle myocardial: r = 0.458, p = 0.004,
Epicardial: r = 0.373, p = 0.023). There was no correlation
between IVSD and the peak systolic radial strain (r = -
0.230, p = 0.170) (Table 4, Fig. 3).

Discussion

HCM is a genetic disease, and mainly was characterized
by left ventricular hypertrophy [21]. The systolic func-
tion detects by conventional echocardiography like LVEF
is often normal, so the subclinical LV dysfunction cannot
be identified by 2D conventional echocardiography. Peak
short-axis systolic myocardial strain detect by 2D-STI
can reflect the systolic function accurately. As we know,
the peak circumferential strain of endocardial, middle
myocardial, and epicardial layers in HCM patients is lit-
tle reported.

Tigen K et al. [22] detected the LV systolic function by
measuring the circumferential strain of the HCM pa-
tients, and found that the circumferential strain was sig-
nificantly lower in patients with HCM compared with
those of normal subjects. From the results, we found
that, in the hypertrophied LVM, the LV peak systolic cir-
cumferential strain was decreased, and in non-
hypertrophied myocardium, the strain value was in-
creased. In HCM patients, LV hypertrophy, myocardial

-
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Fig. 1 The peak systolic circumferential strain of the endocardial, the middle and the epicardial layers of left ventricular in HCM patients and normal subjects
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Fig. 2 The peak systolic radial strain of left ventricular in HCM patients and normal subjects

fibrosis, fiber disarray in the LV myocardium maybe a
reason for the results. Once the LV was hypertrophy, the
sequence of endocardial, middle myocardial, and epicar-
dial layers had changed. The segmental systolic function
was impaired. In order to maintain the normal LV sys-
tolic function, the non- hypertrophied myocardium en-
hanced their peak systolic circumferential strain. HCM
patients with non- hypertrophied myocardium appeared
to compensate for the early systolic changes via in-
creased circumferential strain in order to keep the nor-
mal LV systolic function.

Table 3 The rotational degrees at different short-axis levels in
HCM patients and normal subjects (mean + s.d.)

Rotational degrees in different short-axis levels

Basal (°) Middle (°) Apex (°)
HCM (37) -1127+5.14 -3.90+4.86 484 %734
Normal (41) —4.65+6.65 -0.87+598 642 +7.35
P-Value <0.001 0.017 0346

bold number is specify the significance of the comparision

Yajima R et al. [8] found regional peak radial strain in
basal, middle and apical levels were all significantly
lower in HCM subjects than those in normal subjects.
Our results were according to their results. Peak systolic
radial strain in HCM patients was significantly lower
than in the normal subjects. In HCM patients, decreased
LV peak systolic radial strain appears not only in hyper-
trophied LVM, but also in non-hypertrophied myocar-
dium. Peak systolic radial strain can reflect the systolic
function very conveniently and accurately.

Table 4 The correlation between IVSD and the peak systolic
circumferential strain of endocardial, the middle myocardial and
epicardial layers and peak radial strain in HCM patients

PSCS PSRS
Endocardial Middle Epicardial
r-value 0445 0458 0.373 -0.230
p-value 0.006 0.004 0.023 0.170

PSCS peak systolic circumferential strain, PSRS peak systolic radial strain
bold number is specify the significance of the comparision
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Fig. 3 The correlation between IVSD and the peak systolic circumferential strain of the endocardial (a), the middle (b) and the epicardial layers
(c), the peak systolic radial strain (d) in HCM patients. IVSD: Interventricular Septal Thickness in end-diastolic period

Zhang HJ et al. [23] investigated whether left ventricu-
lar twist analysis can detect the extent of myocardial fi-
brosis in patients with HCM, and found that, left
ventricular twist mechanics are associated with the ex-
tent of myocardial fibrosis, and LV-twist assessment by
STI may be clinically useful. Carasso S et al. [24] found
middle LV rotation was clockwise (opposite to normal),
they found that, in both HCM and normal subjects, LV
rotation, viewed from the apex, was clockwise at the
base, and count-clockwise at the apex, the difference
was in the middle level. Ni XD et al. [25] found that in
normal subject the transition from basal clockwise rota-
tion to apical counterclockwise rotation is located at the
papillary muscle level. Our research was according with
the previous studies. The base-to-apex twist plane in
HCM patients was changed. The peak rotational degrees
at the base and middle short-axis levels in HCM patients
were larger than normal subjects. Sengupta PP et al. [26]
told us in the LV myocardial wall, the myofibers geom-
etry changes smoothly from a right-handed helix in the
endocardium to a left-handed helix in the epicardium
such that the helix angle varies continuously from posi-
tive at the endocardium to negative at the epicardium.
When the myofibres contract and relax, the cardiac have
three motions: longitudinal, circumferential and radial,
also produced the rotational motion. The pathogenesis
of abnormal rotation at the middle level and the differ-
ent rotation degrees are not clear. When the LV fibrosis,

hypertrophied and stiffening, the LV myofibres were re-
modeling, the original balance of endocardial, middle
myocardial, and epicardial myofibres was changed. Be-
cause the longitudinal and radial function were de-
creased in HCM patients, so for another possible reason
was, in order to keep normal LV systolic function. HCM
patients enhanced the peak rotational degrees at the
base and middle short-axis levels.

The IVSD correlated well to the peak circumferential
systolic strain of endocardial, middle myocardial, and
epicardial layers of the septum wall, we concluded that,
the more thickening of IVSD, the more circumferential
systolic function was impaired. Through the correlation
analysis, we found that the thickening of IVSD in HCM
patients was consistent with its systolic function. There
was not any correlation between IVSD and the peak
systolic radial strain of the septum wall (r=-0.230,
p=0.170), we concluded that, the thickening of
IVSD had no internal relationship with peak systolic
radial strain.

Conclusions

According to this research, we know the short-axis
systolic function is impaired despite the presence of pre-
served LVEF in patients with HCM. The peak circumfer-
ential systolic strain of the different layers, peak systolic
radial strain and rotation degrees of the different short-
axis levels detected by 2D-STI are very sensitive for
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assessing the systolic function in HCM patients. In
the clinical implication, the study can help us to
know the early cardiac dysfunction of HCM patients,
then to give them early treatment and assess the
effect after the treatment.

Limitations

The greatest limitation of this study is that the relation-
ship of decreasing short axis functions to a clinical out-
come or event is not investigated. Another important
limitation is the small number of patients. The third
limitation is that we don’t evaluate the relationship with
other image techniques, such as cardiac MR, SPECT.
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