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Objective: To study the assessment value of 3-dimensional speckle tracking imaging for
changes of early left ventricular longitudinal systolic function in patients with primary
hypertension. Methods: Patients with primary hypertension who were treated in our hospital
from May 2012 to October 2015 were selected, and 40 patients with left ventricular normal
(LVN) primary hypertension and 40 patients with left ventricular remodeling (LVR) primary
hypertension were screened according to Ganau typing and enrolled in the LVN group and
LVR group of the study respectively; 40 cases of healthy volunteers who received physical
examination in our hospital during the same period were selected as control group. Ultrasonic
testing was conducted to determine conventional ultrasonic indicators and 3D-STI parameters,
and serum was collected to determine AngII, ALD, TGF-β1 and Ang1-7 levels. Results:
LVEDd, LVPWT and LVEF of LVN group were not significantly different from those of
control group, LVEF of LVR group was not significantly different from those of LVN group
and control group, and LVEDd and LVPWT of LVR group were significantly higher than those
of LVN group and control group; absolute values of GLS, GCS, GRS and GAS as well as
serum Ang1-7 level of LVN group was significantly lower than those of control group, serum
AngII, ALD and TGF-β1 levels were higher than those of control group, absolute values of
GLS, GCS, GRS and GAS as well as serum Ang1-7 level of LVR group was significantly
lower than those of LVN group and control group, and serum AngII, ALD and TGF-β1
levels were higher than those of LVN group and control group; absolute values of GLS, GCS,
GRS and GAS were negatively correlated with serum AngII, ALD and TGF-β1 levels, and
positively correlated with serum Ang1-7 level. Conclusion: 3-dimensional speckle tracking
imaging can be used for early evaluation of left ventricular longitudinal systolic function in
patients with primary hypertension, and it also has high sensitivity in judging neurohumoral
change.
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1. Introduction

compensatory effect and can maintain normal cardiac output, but
long-term LVH can increase the risk of cardiovascular events[1-3].

Therefore, early assessment of left ventricular systolic function and
Primary hypertension is the cardiovascular system disease with
the highest incidence rate in our country, and long-term increase

whether there is hypertrophy can provide basis for clinical treatment.

of blood pressure levels will increase cardiac load and cause left

by conventional two-dimensional ultrasound is still in the normal

ventricular hypertrophy (LVH). LVH is a common complicated

range in the early stage of LVH, and can not accurately reflect the

change in patients with hypertension, early stage of LVH has certain

changes of left ventricular systolic function[4,5]. 3-dimensional

However, the left ventricular ejection fraction (LVEF) measured

speckle tracking imaging (3D-STI) can track under full-volume
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state and determine myocardial strain parameters, and its evaluation
on myocardial contractility is more objective and comprehensive. In
the following study, the assessment value of 3-dimensional speckle
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tracking imaging for changes of early left ventricular longitudinal

(AngII), aldosterone (ALD), transforming growth factor β1 (TGF-

systolic function in patients with primary hypertension was analyzed.

β1) and Ang1-7 levels.

2. Subjects and methods

2.4. Statistical methods
Target index values were obtained and input into SPSS20.0 software

2.1. Research subjects

system, measurement data comparison among three groups was
by variance analysis and pair-wise comparison was by LSD-t test;

Patients with primary hypertension who were treated in our hospital

correlation between two measurement data was by Pearson test

from May 2012 to October 2015 were selected, 40 patients with

and P<0.05 was set as the standard of statistical significance in

left ventricular normal (LVN) primary hypertension and 40 patients

differences.

with left ventricular remodeling (LVR) primary hypertension were
screened according to Ganau typing and they were enrolled in the

3. Results

LVN group and LVR group of the study respectively. LVN group
were with left ventricular mass index (LVMI)≤116 g/m2(male)/109

3.1. Conventional ultrasonic indicators

g/m2(female) and relative wall thickness (RWT)≤0.42, included 25
male cases and 15 female cases, and were (58.92±7.91) years old;

LVEDd, LVPWT and LVEF of LVN group were not significantly

LVR group were with LVMI＞116 g/m2(male)/109 g/m2(female)

different from those of control group (P>0.05). LVEF of LVR

and RWT＞0.42, included 27 male cases and 13 female cases, and

group was not significantly different from those of LVN group and

were (59.15±7.87) years old. 40 cases of healthy volunteers who

control group (P>0.05), LVEDd and LVPWT of LVR group were

received physical examination in our hospital during the same period

significantly higher than those of LVN group and control group,

were selected as control group, were with blood pressure＜140/90

differences in pair-wise comparison were statistically significant

mmHg, were without abnormality through physical examination,

(P<0.05).

electrocardiogram and echocardiography, included 24 male cases

Table 1.
Conventional ultrasonic indicators of three groups.

and 16 female cases, and were (58.41±7.46) years old. Comparison
of general information among three groups showed no significant
differences.

2.2. Ultrasonic testing

n
40
40
40

Group
Control
LVN
LVR

LVEDd (mm)
44.29±4.13
45.52±4.92
48.73±5.62*#

LVPWT (mm)
7.88±0.92
8.41±1.04
11.73±1.42*#

LVEF (%)
60.49±7.83
59.52±7.15
58.89±6.48

: compared with control group, P＜0.05; #: compared with LVN group, P＜

*

0.05.

Color Doppler ultrasonic diagnostic apparatus was used for
examination, two-dimensional ultrasound scanning was carried out
at first, and the specific measured indicators included: left ventricular
end-diastolic diameter (LVEDd), left ventricular ejection fraction
(LVEF) and left ventricular posterior wall thickness (LVPWT).
The left ventricular full-volume image was set as the "layout"
mode, meanwhile the 3D-STI was started to capture left ventricular
apical four-chamber and apical two-chamber view as well as basal
level, papillary level and apical level short-axis view, and the
following parameter values were calculated: left ventricular global
circumferential strain (GCS), left ventricular global longitudinal
strain (GLS), left ventricular global area strain (GAS) and left
ventricular global radial strain (GRS).

2.3. Serum index determination
6-10 mL of peripheral blood was collected from LVN group and
LVR group before ultrasonic examination, 6-10 mL of peripheral
blood was collected from control group during physical examination,
the blood was centrifuged to get serum specimens, and enzymelinked immunosorbent kit was used to determine angiotensin II

3.2. 3D-STI strain images and parameters
3D-STI strain images of three groups were the strain images
corresponding to GLS, GCS, GRS and GAS respectively, and
analysis of specific parameters was as follows: (1) GLS, GCS, GRS
and GAS of three groups were significantly different (P<0.05); (2)
absolute values of GLS, GCS, GRS and GAS of LVN group were
significantly lower than those of control group, and differences
between two groups were statistically significant (P<0.05). Absolute
values of GLS, GCS, GRS and GAS of LVR group was significantly
lower than those of LVN group and control group, and differences
between two groups were statistically significant (P<0.05).
Table 2.
3D-STI strain parameters of three groups.
Group
Control
LVN
LVR

n
40
40
40

GLS
GCS
-19.38±2.29
-27.15±3.86
-14.27±1.89* -23.94±3.16*
-9.28±1.05*# -15.93±2.25*#

GRS
37.41±5.51
32.15±4.59*
22.42±4.92*#

GAS
-25.93±3.13
-22.14±3.26*
-19.30±2.68*#

*: compared with control group, P＜0.05; #: compared with LVN group, P＜
0.05.
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Table 3.
Serum myocardial remodeling-related molecules of three groups.
Group
Control
LVN
LVR

Case No.
40
40
40

AngII(ng/ml)
21.59±4.96
37.22±6.14*
62.49±8.29*#

ALD(pg/ml)
57.48±7.92
89.33±11.32*
135.62±17.78*#

TGF-β1(ng/ml)
103.59±15.82
162.84±22.35*
284.59±41.32*#

Ang1-7(ng/ml)
4.29±0.81
2.79±0.58*
1.83±0.22*#

: compared with control group, P＜0.05; #: compared with LVN group, P＜0.05.

*

3.3. Serum myocardial remodeling-related molecules

early myocardial contractility damage and complication of LVH.
3D-STI technology is the ultrasonic testing technology developed
from the principles of three-dimensional ultrasound and speckle

Serum AngII, ALD, TGF-β1 and Ang1-7 levels of three groups

tracking, can accurately track myocardial motion trail in three-

were significantly different (P<0.05). Serum AngII, ALD and TGF-

dimensional volume and is not limited by myocardial motion

β1 levels of LVN group and LVR group were significantly higher

direction, and the myocardial strain parameters determined by it

than those of control group, Ang1-7 levels were significantly lower

can directly, objectively and comprehensively reflect myocardial

than that of control group, and differences between two groups were

contractility[10-12]. With reference to the studies of domestic scholars

statistically significant (P<0.05); serum AngII, ALD and TGF-β1
levels of LVR group were significantly higher than those of LVN

LI Chun-yan[13] and GAO Lei[14], four 3D-STI parameters GLS,

GCS, GRS and GAS were chosen in the study to evaluate left

group, Ang1-7 level was significantly lower than that of LVN group,

ventricular systolic function in patients with essential hypertension,

and differences between two groups were statistically significant

and the results showed that absolute values of GLS, GCS, GRS and

(P<0.05).

GAS of LVN group were significantly lower than those of control

3.4. Correlation between 3D-STI parameters and serum
indexes

group, and absolute values of GLS, GCS, GRS and GAS of LVR
group were significantly lower than those of LVN group and control
group. It indicated that that the 3D-STI parameters GLS, GCS,
GRS and GAS significantly changed in the LVN group of patients,

Pearson test showed that the absolute values of GLS, GCS, GRS

and the above four indicators could early reflect the changes in left

and GAS were negatively correlated with serum AngII, ALD and

ventricular systolic function in patients with essential hypertension.

TGF-β1 levels, and positively correlated with serum Ang1-7 level.

Various neurohumoral factors are involved in the development
of primary hypertension to LVH, and play a very important
regulating role. Angiotensin II (AngII) is an important hormone

4. Discussion

causing myocardial remodeling and ventricular hypertrophy[15],

and AngII can combine with its type 1 receptor AT1R to activate
Left ventricular hypertrophy (LVH) is a common concurrent

aldosterone system and transforming growth factor β1 (TGF-

change of primary hypertension, early LVH is the compensatory

β1) expression, thereby promoting myocardial remodeling and

mechanism to maintaining myocardial contractility, but long-term

ventricular hypertrophy through aldosterone (ALD) and TGF-

LVH can increase the risk of cardiovascular events[6,7]. Therefore,
early assessment of myocardial contractility and judgment of LVH

β1[16,17]. Angiotensin-converting enzyme 2 (ACE2)/Ang1-7/Mas
is a newly discovered RAS axis in recent years, ACE2 can degrade

state has positive clinical significance. LVEF as well as LVEDd

AngII into Ang1-7, and the latter can combine with receptor Mas

and LVPWT are the conventional indexes to evaluate global left

to improve the myocardial systolic function and inhibit the effect

ventricular systolic function, but because ultrasound images are

of AngII on promoting myocardial remodeling through NFAT way

limited to two-dimensional plane, regarding myocardial motion

and NO/cGMP way[18,19]. In the study, the analysis of serum levels

as simple two-dimensional-space vasomotor will ignore the real

of myocardial remodeling-related molecules confirmed that serum

myocardial space motion, and what’s more, the heart rate, afterload

AngII, ALD and TGF-β1 levels of LVN group and LVR group were

and other factors can cause impact, which will cause measured

significantly higher than those of control group, and Ang1-7 levels

[8-9].

In the study,

were significantly lower than that of control group; serum AngII,

evaluation of conventional ultrasonic indicators showed that the

ALD and TGF-β1 levels of LVR group were significantly higher

LVEF of three groups were not significantly different, LVEDd

than those of LVN group, and Ang1-7 level was significantly lower

and LVPWT of LVR group significantly changed, but LVEDd and

than that of LVN group. Further analysis of the correlation between

LVPWT of LVN group were not significantly different from those

3D-STI parameters and serum indicators showed that the absolute

of control group. Thus it was analyzed that conventional ultrasonic

values of GLS, GCS, GRS and GAS were negatively correlated with

indicators could not be used to evaluate whether the ventricular

serum AngII, ALD and TGF-β1 levels, and positively correlated

systolic function was abnormal or not in patients with left ventricular

with serum Ang1-7 level.

deviation of conventional ultrasonic indicaotrs

normal hypertension, and was not conducive to the evaluation of
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To sum up, 3-dimensional speckle tracking imaging is the ideal

systemic hypertension. Am J Cardiol 2014; 113(5): 832-839.
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method to detect cardiac dysfunction in patients with hypertension,

[10]Kawamura R, Seo Y, Ishizu T, Atsumi A, Yamamoto M, Machino-

and can early evaluate the left ventricular longitudinal systolic

Ohtsuka T, et al. Feasibility of left ventricular volume measurements by

function and neurohumoral level change in patients with primary

three-dimensional speckle tracking echocardiography depends on image

hypertension.

quality and degree of left ventricular enlargement: validation study with
cardiac magnetic resonance imaging. J Cardiol 2014; 63(3): 230-238.
[11]Saeki M, Sato N, Kawasaki M, Tanaka R, Nagaya M, Watanabe T, et al.
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