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Relationship between left ventricular diastolic
dyssynchrony and systolic dyssynchrony in hypertrophic
cardiomyopathy by single-cardiac real-time
three-dimensional ultrasonography
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Abstract. The relationship between left ventricular diastolic
and systolic dyssynchrony in hypertrophic cardiomyopathy
(HCM) was investigated by single-cardiac real-time three-
dimensional ultrasonography. A total of 52 patients with HCM
were selected in Jining No. 1 People's Hospital from July 2016
to June 2017. Additionally, a total of 52 healthy people were
selected to serve as the control group. All participants received
real-time two- and three-dimensional ultrasonography to
evaluate left ventricular morphology, function and systolic
and diastolic function. The relevant parameters included left
ventricular end-diastolic volume (LVEDV), left ventricular
end-systolic volume (LVESV), left ventricular ejection
fraction (LVEF), end-systolic/diastolic sphericity index
(ESSI/EDSI), systolic dyssynchrony index (SDI), diastolic
dyssynchrony index (DDI), dispersion end systole (DISPES),
diastolic dyssynchrony index-late (DDI-late) and dispersion
end diastole (DISPED-late). The LVEF of observation group
was significantly lower than that of the control group, while
LVEDV, LVESYV, E/A and E/Ea were significantly higher
than those in control group (P<0.05); EDSI, DDI-late and
DISPED-late were significantly higher in observation than in
control group (P<0.05); ESSI, SDI and DISPES in observation
were significantly higher than those in control group (P<0.05);
The 16-segment time-volume curve of observation group was
disordered without synchronization, while the curve of control
group was regular and smooth with synchronization; Pearson's
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correlation analysis showed that SDI and DDI were positively
correlated (P<0.05). In conclusion, three-dimensional ultraso-
nography can be used to effectively evaluate left ventricular
diastolic and systolic dyssynchrony in HCM. The severity of
diastolic is positively correlated with systolic dyssynchrony.

Introduction

Hypertrophic cardiomyopathy (HCM) is a common sarcomere
gene mutation-caused clinical hereditary heart disease
mainly characterized by autosomal dominant inheritance and
asymmetrichypertrophy intheleft ventricle and interventricular
septum (1). HCM can be expressed as chest tightness, syncope,
chest pain, palpitations and dyspnoea (2). The left ventricular
of HCM patients usually show irregular geometry structure,
and the unique structure and function can lead to the reduced
left ventricular and stroke volume. Pathological manifestations
include myocardial hypertrophy and local fibrosis, and
myocardial fiber was disorderly arranged, resulting in lower
left ventricular compliance and diastolic dysfunction (3).
More than 60% of HCM patients showed familial hereditary,
while sporadic only accounted for about 30%. Left ventricular
systolic and diastolic function plays an important role in
the diagnosis, treatment and prognosis evaluation of HCM.
Although two-dimensional echocardiography can provide
some information, measurement error is large, resulting in poor
accuracy and repeatability. Accurate and effective detection of
left ventricular diastolic/systolic function in patients with HCM
is important for the treatment and prognosis of this disease.
Real-time three-dimensional ultrasound is a new imaging
technique, compared with the traditional two-dimensional
ultrasound, single-hearted real-time three-dimensional
ultrasound can obtain full volume and seamless images, so
as to more intuitively and accurately evaluate ventricular
diastolic/systolic function of HCM patients, and its
repeatability is satisfactory, and can serve as a complement
to two-dimensional ultrasound (4,5). At present, studies on
the relationship between left ventricular diastolic and systolic
dyssynchrony are still lacking. In the present study, single-
cardiac real-time three-dimensional ultrasonography was
performed for all the patients to investigate the relationship
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Table I. General information of patients.
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Groups
Items Observation n=52 Control n=52 tly? P-value
Age (years) 30-78 30-75
Sex (male/female) 29/23 27/25 0.039 0.844
Average age (years) 52.76+6.45 53.15+7.13 0.293 0.770
BMI (kg/m?) 23.73+2.14 24.07+1.86 0.865 0.389
Cultural level
Junior high school and below 11 (21.16) 12 (23.08) 0.168 0919
High school and secondary school 21 (40.38) 19 (36.54)
College and above 20 (38.46) 21 (40.38)

BMI, body mass index.

between left ventricular diastolic and systolic dyssynchrony in
HCM to provide references for the treatment of HCM.

Materials and methods

General information. A total of 52 patients with HCM were
selected from July 2016 to June 2017 to serve as observa-
tion group. Inclusion criteria: i) With clinical manifestations
and echocardiography results in line with HCM diagnostic
criteria (6); ii) with stage III diastolic dysfunction according
to the diagnostic criteria established by American Society of
Echocardiography (ASE); and iii) patients signed informed
consent. Exclusion criteria for the study were: i) Received
surgery in recent 6 months; and ii) complicated with hyperten-
sion, pulmonary heart disease and malignant tumor. A total of
52 cases of healthy people were selected in the same period
to serve as the control group. This study was reviewed and
approved by the Ethics Committee of Jining No. 1 People's
Hospital (Jining, China). Patients provided written informed
consent. There was no significant difference in general infor-
mation between the two groups (P>0.05) (Table I).

Methods. ACUSON SC2000 ultrasonic diagnostic apparatus
(Siemens, Erlangen, GER) was used. 4Z1c full volume probe
frequency: 2.8 MHz. Scanning angle: 90°x90°, Scanning
depth: 15-16 cm, volume fraction =12 frame/sec. The left
lateral position was taken. Conventional two-dimensional
ultrasonography was used to measure left ventricular ejec-
tion fraction (LVEF), left ventricular end-diastolic volume
(LVEDV) and left ventricular end-systolic volume (LVESV)
3 times, and average values were calculated. ECG was
connected to record the electrocardiogram and collect the
three-dimensional images of three complete cardiac cycles at
the end of the breath. Full volume images of the heart and
its corresponding three-plane cutting images were collected.
The data were analyzed by LVA analysis software, and left
ventricle was divided into 16 segments. Related parameters
including LVEDV, LVESV, LVEF, end-systolic/diastolic sphe-
ricity index (ESSI/EDSI), systolic dyssynchrony index (SDI),
diastolic dyssynchrony index (DDI), dispersion end systole
(DISPES), diastolic dyssynchrony index-late (DDI-late) and

dispersion end diastole (DISPED-late) were obtained. The
segment volume-time curve was also obtained.

Evaluation criteria. Patient's diastolic functions were deter-
mined according to the criteria established by ASE: Level I:
E/A ratio <0.8, E peak deceleration time (DT) >200 ms, E/EA
ratio <8, slightly damaged diastolic function; Level II: >0.8
E/A ratio <1.5, >160 DT <200 ms, =9 E/EA ratio <12, false
normal diastolic function; and Level III: =2 E/A ratio, DT
>160 ms, <13 E/EA ratio, restrictive filling (7).

During real-time three-dimensional ultrasound examina-
tion, the left ventricle was divided into 16 segments, and
the diastolic volume-time curve of those 16 segments was
obtained automatically by software. LVEF, LVEDV, LVESV,
EDSI, DDI-late, DISPED-late, ESSI, SDI and DISPES were
determined.

Statistical analysis. The data were processed using SPSS19.0
(SPSS, Inc., Chicago, IL, USA) software. Measurement data
were expressed as mean + standard deviation, and processed
by t-test. Enumeration data were expressed as rate, and
processed by y? test. Correlation analyses were performed
using Pearson's correlation coefficient analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Comparison of results of two- and three-dimensional
ultrasonography. Results of left ventricular function tests
in 52 patients with HCM showed that the values of LVEF,
LVEDV and LVESV in two-dimensional ultrasonography
were significantly higher than those in three-dimensional
ultrasonography (P<0.05) (Table II).

HCM morphological characteristics. Wall thickness of
16 segments of the two groups was measured and results
showed that the hypertrophy of HCM was irregular, and
left ventricular hypertrophy could occur in any part, such
as anterior wall apex, lateral wall apex and left ventricular
apex hypertrophy. In 52 HCM patients, 43 cases (82.69%)
were unsymmetrical hypertrophy of interventricular septum,
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Table II. Comparison of results of two-dimensional and three-dimensional ultrasonography.
Methods Cases LVEF (%) LVEDYV (ml) LVESV (ml)
Two-dimensional ultrasonography 52 59.52+3.42 104.97+3.84 50.76+3.46
Three-dimensional ultrasonography 52 53.78+3.56 99.13+3.86 43.87+£3.27
t-test 8.385 7.735 10.436
P-value <0.001 <0.001 <0.001
LVETF, left ventricular ejection fraction; LVEDYV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume.
Table III. Comparison of cardiac function between the two groups of patients.
Groups Cases LVEF (%) LVEDV (ml) LVESV (ml) E/A E/Ea
Control 52 62.73+3.68 91.97+3.64 36.76+3.18 1.35+£0.23 7.35+1.16
Observation 52 53.78+3.56 99.13+3.86 43.87+3.27 2.87+0.35 13.87+1.23
t-test 12.605 9.732 11.240 26.172 27.809
P-value <0.001 <0.001 <0.001 <0.001 <0.001

LVEF, left ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume; LVESYV, left ventricular end-systolic volume.

Table IV. Comparison of left ventricular diastolic function
between two groups (mean + SD).

Groups Cases EDSI DDI-late DISPED-Iate
Control 52 41.52+3.19 5.18+0.78 21.25+1.16
Observation 52  50.64+3.73 7.89+095 27.64+1.58
t-test 13.399 15.898 23.508
P-value <0.001 <0.001 <0.001

EDSI, end-diastolic sphericity index; DDI-late, diastolic dys-
synchrony index-late; DISPED-late, dispersion end diastole. SD,
standard deviation.

6 (11.54%) were apical hypertrophy and 3 were homogeneous
hypertrophy (5.77%).

Comparison of cardiac function, left ventricular diastolic func-
tion, left ventricular systolic function, diastolic volume-time
curve of 16 segments between two groups. LVEF of observa-
tion was significantly lower than that of control group, while
LVEDV, LVESYV, E/A and E/Ea were significantly higher in
observation than in control group (P<0.05) (Table III). EDSI,
DDI-late and DISPED-late were significantly higher in the
observation than in the control group (P<0.05) (Table IV). ESSI,
SDI and DISPES in observation were significantly higher than
those in the control group (P<0.05) (Table V). The 16-segment
time-volume curve of observation group was disordered without
synchronization (Fig. 1), while the curve of control group was
regular and smooth with synchronization (Fig. 2).

Correlation analysis between left ventricular diastolic
and systolic dyssynchrony. Pearson's correlation coefficient

Table V. Comparison of left ventricular systolic function of
two groups of patients (mean + SD).

Groups Cases ESSI SDI DISPES
Control 52 3554+3.08 5.36+1.29 16.78+3.09
Observation 52 41.68+3.27 8.89+1.64 32.82+3.53
t-test 9.856 12.200 24.655
P-value <0.001 <0.001 <0.001

ESSI, end-systolic sphericity index; SDI, systolic dyssynchrony
index; DISPES, dispersion end systole. SD, stardard deviation.

analysis showed that SDI and DDI were positively correlated
(r=0.413, P<0.05) (Fig. 3).

Discussion

HCM is a hereditary cardiomyopathy, which is caused by
mutations in the gene encoding the sarcoma structural
protein gene. HCM is mainly expressed as the left
ventricular wall asymmetric thickening, and the prevalence
rate is approximately 0.2% (8). The most important patho-
physiological change of HCM is the left ventricular diastolic
dysfunction, resulting in increased left ventricular filling
pressure, then blood will be transferred through the left
atrial to pulmonary vein to cause high pulmonary blood flow.
Patients usually show symptoms such as shortness of breath
and chest tightness and severe symptoms can cause sudden
death. Cardiac death and malignant arrhythmia and other
events are also common, seriously affecting the quality of life
of patients (9,10). HCM is mainly affected by genetic factors,
and a variety of internal and external environmental factors
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Figure 2. Comparison of diastolic volume-time curve of 16 segments of the control group.
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Figure 3. Correlation analysis between left ventricular diastolic and systolic dyssynchrony. Pearson's correlation coefficient analysis showed that SDI and DDI
were positively correlated. SDI, systolic dyssynchrony index; DDI, diastolic dyssynchrony index.

can also contribute to the phenotypes (11). The pathogenesis  dyssynchrony, energy metabolism, decreased ventricular
of diastolic dysfunction of HCM patients is complex with the =~ wall compliance and ventricular wall hypertrophy and other
involvement of myocardial fibrosis, ventricular wall diastolic ~ factors (12).
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In the 1970s, three-dimensional imaging of the heart was
first applied, and three-dimensional ultrasound imaging was
developed from static to dynamic, and even in real time, and
was widely used clinically (13). The results of the present study
showed that LVEF in observation was significantly lower than
that in control group, while LVEDV, LVESV, E/A and E/Ea
were significantly higher in observation than those in the
control group (P<0.05). This is because the cardiac hypertrophy,
myocardial fiber abnormalities and low ventricular compliance
occured in HCM patients, in addition, ventricular wall of HCM
patients is harder than that of normal people, and wall tension
is also higer, leading to the increased left ventricular load,
resulting in left ventricular enlargement. Thus, LVEDV and
LVESV of HCM patients are significantly higher than those
of normal people (14). Myocardial compliance and relaxation
ability of HCM patients were reduced, leading to the limited
early ventricular diastolic filling and increased left atrial
pressure, and thus E/A and E/Ea ratio were increased (15).

Compared with two-dimensional, real-time three-
dimensional ultrasound can more precisely and accurately
reflect the local changes in the heart, it can also solve the over-
reliance of two-dimensional ultrasound on geometric model
assumptions (16). Single-cardiac real-time three-dimensional
ultrasonography can be a perfect solution for the problem of
splicing in multi-cardiac cycles three-dimensional ultrasound,
it also offers the time needed for image acquisition and data
analysis, and the left ventricular volume can also be directly
evaluated (17). Results of this study showed that EDSI, DDI-late
and DISPED-late were significantly higher in observation than
in control group, and ESSI, SDI and DISPES in observation
were also significantly higher than those in control group
(P<0.05). Cardiac activity of the normal is expressed by the
orderly systolic and diastolic activities of atria and ventricles.
Real-time three-dimensional echocardiography showed that
the left ventricular 16 segments of the control reached the
minimum systolic volume at the same time point of the cardiac
cycle, and the volume-time curve showed a smooth trend and the
synchronization was good, while mechanical delay was observed
in observation group with the most important manifestation of
ventricular systolic and diastolic dyssynchrony, therefore, the
time points of the 16 segments reached the minimum systolic
volume will be different, so the volume-time curve showed
irregularity and loss of synchronization. DDI was obtained
from the analysis using real-time three-dimensional ultrasonic
software to effectively evaluate left ventricular diastolic
function. Increased DDI indicate the diastolic dysfunction in
HCM patients, while increased SDI is associated with varying
degrees of systolic dysfunction (18).

Pearson's correlation coefficient analysis showed that
SDI was positively correlated with DDI (r=0.413, P<0.05).
This is because HCM patients usually had coexistence of
left ventricular diastolic and systolic dysfunction. With the
progress of HCM disease, myocardial fibrosis will gradually
occur, thus affecting the normal metabolism of myocardial
energy, increased diastolic dysfunction and DDI, so left
ventricular diastolic dyssynchrony will happen, which in turn
leads to increased SDI (19,20). SDI will increase with the
increase in DDI, and the two are positive correlated, indicating
the coexisting of left ventricular diastolic and systolic
dyssynchrony in HCM patients.
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Collectively, the use of single-cardiac real-time three-
dimensional ultrasound examination of HCM patients can
effectively shorten the image acquisition and analysis time.
This technique can be used to intuitively and accurately reflect
the left ventricular diastolic and systolic dyssynchrony in
HCM patients to assist clinical diagnosis and treatment. This
study is limited by the small sample size, future studies with
larger sample size are needed to confirm the conclusions in the
present study.
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