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Abstract

To analyze the longitudinal peak systolic strain of left ventricular myocardium in three layers before and after hemodialysis in
uremic patients, and to explore the value of eSie VVI (Velocity Vector Imaging) technology in evaluating the changes of left
ventricular myocardial systolic function in uremic patients in a short time after hemodialysis, the longitudinal peak systolic
laminar strain and global full-thickness strain of 17 segments of the left ventricle are obtained by eSie V VI software analysis, and
the results are deduced in Excel form. Statistical analysis is made on the results of longitudinal peak systolic stratified strain of left
ventricular inner, middle and outer layers and whole myocardium in uremic patients before and after hemodialysis. The results
show that eSie VVI technology can more sensitively and accurately evaluate the changes of left ventricular myocardial systolic

function after hemodialysis in uremic patients, and has certain clinical value.
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Introduction

Chronic kidney disease has become an important disease en-
dangering human health because of its high cost of treatment,
poor prognosis and high morbidity. Uremia is the late stage of
chronic renal failure. Due to the accumulation of many harm-
ful metabolites and non-degradable endocrine hormones in
the body for a long time, the shape, structure and function of
the heart are damaged.

Chronic renal failure (CRF) is a clinical syndrome in the
later stage of chronic kidney disease. Cardiovascular dis-
ease is the main cause of death in patients with end-stage
renal failure, accounting for 45%-60% of the causes of
death in uremic patients [1]. Recent studies have found that
the incidence of cardiovascular complications in CRF pa-
tients is 10-30 times higher than that in the general
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population. The incidence of atherosclerotic cardiovascular
disease and cardiovascular adverse events in uremic pa-
tients is about 15-20 times higher than that in the general
population [2]. 40-50% of patients with chronic kidney
disease die from cardiovascular complications. The annual
mortality rate of cardiovascular disease in the general pop-
ulation of the United States is 0.27%, and that of hemodi-
alysis uremia patients is 9.5%, which is 35 times higher
than that of the former. US Renal Disease Data System
(USRDS) data show that 60% of dialysis patients die from
unknown cardiac arrest and arrhythmia [3]. A recent multi-
center epidemiological study in China showed that the
prevalence of chronic kidney disease was about 8%-10%,
and that of cardiovascular disease was 9.8% in patients
with CKD1-4 (the four stages of patients with chronic kid-
ney diseases). Among these patients with cardiovascular
diseases, the proportions of myocardial infarction, chronic
heart failure, cerebrovascular disease and peripheral artery
disease were 20.6%, 9.0%, 69.1% and 16.1%, respectively.
Studies have shown that these adverse outcomes can be
prevented or delayed by early detection and treatment.
Therefore, carly assessment of cardiac damage in uremic
patients is particularly important [4].

The survival rate of uremic patients is significantly im-
proved with the improvement of dialysis technology, but the
incidence of cardiovascular complications is not reduced.
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Studies have shown that single hemodialysis has a negative
impact on left ventricular function in uremic patients in a
short time. During the process of hemodialysis, the incidence
of cardiovascular events is quite high. Therefore, during and
after dialysis, the cardiac function of patients should be
closely monitored to reduce the occurrence of sudden car-
diovascular events while completing hemodialysis smoothly
[5]. Conventional echocardiography can display the anatom-
ical structure, wall thickness and activity of the heart in real
time, and quantify the hemodynamic information. It has been
widely used in the diagnosis of many clinical diseases, such
as coronary heart disease, hypertension, heart valvular dis-
ease, etc. It has become the most common non-invasive tech-
nique for measuring the structure and function of the heart [].
However, up to now, there are few studies on the effect of
single dialysis on left ventricular myocardial function in ure-
mic maintenance hemodialysis patients at home and abroad,
and there are still controversies. According to the principle of
two-dimensional speckle tracking, eSie VVI (Velocity
Vector Imaging) technology is independent of tissue
Doppler frequency shift and is not affected by the angle
between the direction of sound beam and wall motion [6].
It can more accurately reflect myocardial motion, thus sig-
nificantly improving the accuracy of measurement, and hav-
ing easy operation and good repeatability. It has important
value in quantitative evaluation of local and global myocar-
dial function. eSie VVI technology is used to analyze the
systolic longitudinal peak strain of left ventricular inner,
middle and outer layers and whole myocardium in uremic
patients before and after hemodialysis to evaluate the effect
of hemodialysis on left ventricular myocardial function.

Materials and methods
Research object

Diagnostic criteria and classification method of uremia: In
recent years, different concepts and stages of chronic kidney
disease have been proposed at home and abroad. In 2012, the
Expert Group on Improving the Prognosis of Global Kidney
Diseases (KDIGO) defined chronic kidney disease as abnor-
mal kidney structure or function for more than 3 months and
GFR (Glomerular Filtration Rate) <60 mL / (min 1.73 m?)
[7]. CRF is usually divided into four stages in clinical practice
in China, including uremic stage with GFR < 10 mL/min and
serum creatinine >707 umol/L [8].

Inclusion criteria: This study was a prospective study.
Thirty-five patients with uremia maintained hemodialysis in
The Affiliated Hospital of Jining Medical University from
October 2014 to December 2017 were selected, including 21
males and 14 females, aged 32-75 years, with an average age
of 56.35+9.62 years old. The diagnosis met the diagnostic
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criteria of 2012 K/DOQI: GFR < 10 mL/min, serum creatinine
>707 umol/L, which is equivalent to DOQIS5 stage. The con-
ditions for admission are: sinus heart rate; normal left ventric-
ular ejection fraction; no obvious segmental motion abnormal-
ity of left ventricular wall by echocardiography; no pericardial
disease; no mitral valve, aortic stenosis and mild or more
incomplete closure; dialysis age < 5 years; and no congenital
heart disease. The primary diseases are 16 cases of chronic
glomerulonephritis, 10 cases of benign arteriolar
nephrosclerosis, 6 cases of diabetic nephropathy and 3 cases
of other unknown causes. Informed consent was signed by all
patients or their families and this study was approved by the
Ethics Committee of The Affiliated Hospital of Jining
Medical University, and the informed consent was signed by
all participants.

Thirty-five patients with arteriovenous fistula were treated
with German F60 s high-throughput dialyzer (polysulfone
membrane, surface area 1.3m2) with ultrafiltration coefficient
of 40 mL/(h-mmHg), Fresenius4008B volume ultrafiltration
dialyzer, double reverse osmosis water dialysate, and sodium
bicarbonate dialysate, three dialysis times a week, 4 h a dial-
ysis, low molecular weight heparin (homogeneity)
anticoagulation. The dialysate flow rate was 500-600 mL/
min and the blood flow rate was 250-300 mL/min.

Exclusion criteria: Patients with left ventricular ejection
fraction <50%, left ventricular wall segmental motion abnor-
mality, ischemic heart disease, mitral and aortic stenosis and
mild or more incomplete closure, congenital heart disease,
complete left bundle branch block, artificial valve implanta-
tion, pacemaker implantation, pericardial lesion and unclear
image were excluded.

Instrument and method

Instrument: Siemens color Doppler ultrasound diagnostic in-
strument ACUSON SC2000 was used, the heart probe 4Vic
was selected, probe frequency was 1-4 MHz, and eSie VVI
imaging technology was built in. Echocardiography was per-
formed in uremic patients before and 1 h after dialysis [9]. The
patient’s name, age, dialysis age, serum creatinine and blood
pressure before and after dialysis were recorded.
Echocardiography was performed within 1 h before and after
the first dialysis three times a week.

Method: Two-dimensional gray-scale dynamic images
with frame rates of 60-90 frames/s were collected from the
long axis of apical left ventricle, two-chamber and four-
chamber cardiac sections for three consecutive cardiac cycles,
and then online eSieVVI analysis was performed. Open
eSieVVI function, freeze dynamic images, and adjust to the
end of left ventricular systolic phase. Manual recording of
subendocardial myocardium was performed. Subepicardial
myocardium was automatically recognized by the instrument
(Fig. 1). Subepicardial myocardium thickness was adjusted
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Fig. 1 Automatically generated velocity vector motion trajectory

according to the actual thickness of the myocardium. By
clicking the Analysis key, the instrument can automatically
track the subintimal myocardium (endo), middle myocardium
(myo), and EPI (Fig. 2). The system defaults that the basal and
middle segments of the left ventricle are divided into anterior
septum, posterior septum, anterior wall, lateral wall, posterior
wall and inferior wall. The apical segment is divided into
septum, anterior wall, lateral wall and inferior wall, and the
apical cap has 17 segments. Click the Summary key, and then
it automatically displays the longitudinal peak systolic strain
of each myocardial segment corresponding to the cardiac cy-
cle, and the analysis results are derived in Excel form (Figs. 3
and 4).

Fig. 2 Left ventricular inner,
middle and outer myocardium
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Fig. 3 Comparison of routine echocardiographic parameters before and
after dialysis

Results and discussion

Comparison of routine dialysis parameters
between pre-dialysis and 1 h post-dialysis in uremic
patients

The left atrial anteroposterior diameter (LAD), left ventricular
end-diastolic and end-systolic internal diameter (LVIDd and
LVIDs), left ventricular end-diastolic and end-systolic volume
(EDV, ESV), stroke volume (SV) decreased with statistical
significance (P <0.05); left ventricular ejection fraction
(LVEF) had no statistical significance (P> 0.05) (Table 1
and Fig. 1).
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Fig. 4 Comparison of left ventricular myocardial stratification and
longitudinal peak systolic strain before and after dialysis

Comparison of stratified strain parameters
between before dialysis and 1 h after dialysis
in uremic patients

Compared with before dialysis, the longitudinal peak systolic
strain of left ventricular whole, inner, basal, middle and outer
layers, middle and inner layers decreased significantly after
dialysis, and the difference had statistical significance
(P <0.05); there was no significant difference in the longitu-
dinal peak systolic strain of the whole middle, outer layers,
middle and outer layers, and apical full-thickness, internal and
external three-layer myocardium (P> 0.05) (Tables 2, 3, 4,
and 5; Figs. 5, 6, and 7).

Significance of evaluation of left ventricular function
before and after dialysis

Hemodialysis uses osmotic pressure and ultrafiltration pres-
sure to remove excessive water, correct electrolyte disturbance
and acid-base imbalance, remove most of uremic toxins, and
reduce water and sodium retention, thus regulating the quality
and quantity of blood, achieving the purpose of purifying
blood, and correcting water and electrolyte and acid-base bal-
ance, so that it is close to physiological status, and the survival
rate of uremic patients is improved. However, hemodialysis

does not reduce cardiovascular mortality in uremic patients.
Sudden cardiac death (SCD) is the most common cause of
death in maintenance hemodialysis patients. The incidence
of SCD is 30 times higher than that of normal people.
Recent studies have shown that 25% of hemodialysis patients
die from SCD, especially secondary to severe arrhythmia or
cardiac arrest [10, 11]. During hemodialysis, ST segment of
electrocardiogram (ECG) can be significantly reduced, which
has a negative impact on left ventricular function in a short
time, leading to a significant increase in cardiovascular events.
The influence of single hemodialysis on left ventricular sys-
tolic and diastolic function has been different from previous
studies. Foreign scholars such as Dincer and Agmon believe
that the left ventricular diastolic function decreases signifi-
cantly in the short term after single dialysis. Lee T Y et al.
considered that the left ventricular systolic function did not
change significantly and the diastolic function decreased after
acute hemodialysis. Selby N M et al. considered that left ven-
tricular long axis systolic and diastolic function decreased
after acute hemodialysis. Hayshi et al. believed that single
hemodialysis could significantly improve left ventricular dia-
stolic function. Palecek T considered that left ventricular sys-
tolic function was improved and diastolic function was not
changed after acute hemodialysis. Bauer et al. considered that
left ventricular diastolic function was not affected by single
hemodialysis. Chaihongli and Ni Ruizhi found that the mitral
annular velocity (Ve/Va) of uremic patients before and after
dialysis was significantly lower than that of healthy control
group and significantly higher after dialysis than that before
dialysis. When Gao Jun and Xia Taozi found no significant
difference in E/A between before dialysis and after dialysis in
uremia group, TEI (comprehensive ejection isovolumic dia-
stolic index) decreased significantly compared with that be-
fore dialysis, which also indicated the existence of pseudo-
normalization in conventional echocardiography. Gao Yulan
and Zhou Qichang found that the myocardial velocity, strain
and strain rate of left ventricular long axis systolic segments
decreased after dialysis compared with those before dialysis.
The different conclusions may be related to the admission
criteria, the status of patients, the difference of cardiac load
before and after dialysis, the different dialysis volume, and the
different research methods. At present, there are few studies

Table 1 Comparison of routine echocardiographic parameters before and after dialysis

Time LAD (mm) LVIDd (mm) LVIDs (mm) EDV (mL) ESV (mL) SV (mL) EF %
Before dialysis 41.84+2.82 55.73+£6.72 17.2+7.44 156.4+35.57 62.4+5.61 91.84+26.77 62.92+8.25
After dialysis 38.07£6.06 50.75+5.16 19+8.51 140.34£35.03 53.6+6.15 89.70 £23.05 60.96 +6.32
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 >0.05

Compared with before dialysis, P < 0.05 has statistical significance after dialysis, and P> 0.05 has no statistical significance

LAD left atrial anteroposterior diameter, LVIDd left ventricular end-diastolic diameter, LV/Ds left ventricular end-systolic diameter, EDV left ventricular
end-diastolic volume, ESV left ventricular end-systolic volume, SV stroke volume, EF left ventricular ejection fraction

@ Springer



J Med Syst (2019) 43: 129 Page 50f8 129

Table 2 Comparison of routine

echocardiographic parameters Time LPSEndo LPSMyo LPSEpi GLPS

before and after dialysis
Before dialysis —215+3.1 -17.5+35 -13.7+£22 -17.3+£23
After dialysis —20.3 +3.3% —16.5 + 3.1%* —13.5 £ 2.9%* —-16.0 + 2.7*

Compared with before dialysis, * indicates that P < 0.05, there is significant difference; ** suggests that P> 0.05,
there is no statistical difference after dialysis

LPSEndo Longitudinal peak strain of inner myocardium, LPSMyo longitudinal peak strain of middle myocardi-
um, LPSEpi longitudinal peak strain of outer myocardium, GLPS longitudinal peak strain of whole myocardium

on the effect of acute hemodialysis on left ventricular systolic
function in uremic maintenance hemodialysis patients at home
and abroad. In order to further understand the effect of hemo-
dialysis on left ventricular inner, middle and outer myocardi-
um and whole myocardial systolic function, it is necessary to
reduce sudden cardiovascular events while completing hemo-
dialysis. eSieVVI technology was used to evaluate the occur-
rence of vascular events.

Advantages and limitations of 2DE, TDI, RT-3DE,
2D-STI and 3D-STI in evaluating left ventricular
function

TDI technology can measure the relationship between peak
systolic velocity at different parts of the myocardium and
ECG activity at corresponding time. It can more accurately
and quantitatively analyze mechanical asynchrony and local
function, and make differential diagnosis and curative effect
detection of various cardiovascular diseases. However, the
evaluation of overall myocardial function is limited. 2DE
and RT-3DE can accurately evaluate left ventricular ejection
function in uremic patients, but the sensitivity of evaluating
regional wall function changes is low. 2D-STI objectively
reflects the longitudinal, radial and circumferential deforma-
tion of myocardium, but there is “cross-plane tracking”. 3D-
STI can track myocardial motion from three-dimensional di-
rection at the same time, but the image quality is worse than
2DE, the accuracy and repeatability are poor, and the time
resolution and spatial resolution need to be improved.

Feasibility and superiority of eSie VVI technology
in detecting left ventricular myocardial function
in uremic patients before and after dialysis

Based on the principle of two-dimensional speckle tracking,
eSie VVI technology displays the velocity and method of

myocardial motion by vectors. It is not affected by the whole
translation, rotation and contraction of adjacent segments. It
can perform myocardial motion imaging directionally and
freely, and quantitatively measure the parameters such as ve-
locity, displacement, strain and strain rate on the long axis,
short axis and circumferential directions of myocardium, so
as to evaluate the systolic and diastolic function of the local
myocardium more accurately. It obviously improves the accu-
racy of measurement, and it is easy to operate and has good
repeatability. It has important value in quantitative evaluation
of the function of the local and the whole myocardium. Piart
et al. confirmed that VVI technology could accurately mea-
sure the longitudinal and circumferential motion of myocardi-
um. The latest eSie VVI technology can track the left ventric-
ular subendocardial myocardium, middle myocardium and
subepicardial myocardium, reflect the systolic longitudinal
strain of three-layer myocardium and whole myocardium
more accurately, and evaluate the changes of left ventricular
myocardial systolic function by hemodialysis.

Analysis of research results

There is a clear correlation between renal function and cardio-
vascular risk factors. Traditional risk factors include age, lipid
metabolism disorders, diabetes, hypertension, smoking, sed-
entary and so on. New cardiovascular risk factors include
oxidative stress, endothelial dysfunction, anemia, cardiovas-
cular calcification and sleep disorders. The overlapping effects
of these risk factors have a common impact on the heart,
leading to further myocardial damage. Myocardial interstitial
fibrosis, decreased compliance and diastolic dysfunction in
uremic patients affect systolic function, resulting in delayed
myocardial contraction, reduced degree of contraction and
asynchrony of contraction.

Myocardial fibers are divided into three layers: longitudinal
myocardium in the inner layer, circular myocardium in the

Table 3 Comparison of

longitudinal peak systolic laminar Time bLPSndo bLPSMyo bLPSEpi bGLPS

strain of left ventricular basal

segment before and after dia]ysis Before dialysis -16.0 £ 3.3 -14.5 + 3.1 -12.0+2.5 —-14.6 £ 3.2
After dialysis —14.5 £ 3.1* —13.7 + 3.4% —12.1 £2.6* —13.6 + 3.3*
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Table 4 Comparison of

longitudinal peak delamination Time mLPSndo mLPSMyo mLPSEpi mGLPS

strain of left ventricular systole

before and after dialysis Before dialysis —22.6+33 -18.8 £29 -15.0+ 2.1 —-19.1 £2.2
After dialysis —21.3 £2.2% —18.7 £ 2.4%* —15.1 £ 2.3%* —18.8 £2.4%*

middle layer, and oblique myocardium in the outer layer. The
contraction of the inner and outer myocardium shortens the
ventricle, while the contraction of the middle myocardium
shortens the ventricular cavity. Because of the unique structure
of myocardial fibers and the different effects of myocardial
layers, the effects of different pathological factors on the func-
tion of myocardial layers may be different. Therefore, under-
standing the effect of each layer of myocardium on cardiac
deformation is helpful to correctly distinguish and evaluate
different myocardial lesions and understand their pathological
mechanism.

LAD, LVIDd, LVIDs, EDV, ESV and SV decreased after
dialysis, and the difference was statistically significant.
However, there was no significant difference in LVEF, indi-
cating that single hemodialysis could not significantly im-
prove left ventricular systolic function in uremic patients with
normal systolic function. LVEF could only objectively reflect
the global systolic function of left ventricular myocardium,
but could not directly reflect the local and global function of
left ventricular myocardium in pathological state. The results
of eSieV VI stratified strain analysis showed that the systolic
longitudinal peak strain of whole and inner layer of left ven-
tricle, and whole, inner, middle and outer layers of basal seg-
ments, middle and inner layers of left ventricle in 1 h after
dialysis was significantly lower than that before dialysis, and
there was statistical significance (P < 0.05); the longitudinal
peak strain of whole middle and outer layers, middle and outer
layers of middle parts, apical full-thickness, internal and ex-
ternal three-layer myocardium was significantly lower than
that before dialysis, and there was no significant difference
(P>0.05). The reason why the left ventricular longitudinal
peak strain changes significantly in a short time after

hemodialysis may be related to the following mechanisms.
Mechanism 1 is that the available and ingested calcium con-
centration in cardiac myocytes decreases during hemodialysis,
resulting in impaired contractile and diastolic functions of
cardiac myocytes. Mechanism 2 is that, during hemodialysis,
arteriovenous fistula shunt increases cardiac load, causes un-
stable blood pressure, increases sympathetic excitability, acti-
vates adrenaline, causes abnormal cardiovascular system, and
changes cardiac hemodynamics. Mechanisms 3 is that resis-
tance vascular lesions in the coronary circulation of dialysis
patients lead to decreased coronary reserve and increased
myocardial oxygen demand. In a short time, the effective
blood volume decreases sharply, electrolytes are replaced rap-
idly, the oxygen supply of coronary artery decreases and myo-
cardial oxygen demand increases, which leads to insufficient
blood supply of coronary artery, acute myocardial ischemia,
disturbance of myocardial cell self-discipline, changes of wall
motion and increase of cardiovascular events. Mechanisms 4
is that hemodialysis can increase peroxide and decrease anti-
peroxide, resulting in damage to myocardial cells.

The results of this study suggest that hemodialysis has dif-
ferent effects on the changes of function of the three layers of
myocardium. The change of the inner myocardium is the most
obvious. The reason is that the inner myocardium is mainly
longitudinal myocardium, which plays a leading role in the
contractile movement along the longitudinal axis. The inner
myocardium has stronger contractile force than the middle and
outer myocardium, and the inner myocardium is located in the
end of blood supply, and it is sensitive to early ischemic
changes. Left ventricular longitudinal peak strain basal seg-
ment > middle segment > apical segment before and after
dialysis, suggesting that hemodialysis mainly affects the basal

Table 5 Comparison of

longitudinal peak systolic laminar Time aLPSndo aLPSMyo aLPSEpi aGLPS

strain of left ventricular apical

segment before and after dialysis Before dialysis —31.0 + 3.8 242 +2.7 -17.0+24 —23.1 £ 3.1
After dialysis —31.3 £3.3%* —23.6 £ 2.1%* —16.1 £ 2.6%* —23.3 £ 3.2%%*

@ Springer

Compared with before dialysis, * indicates that P < 0.05, there is significant difference; ** suggests that P> 0.05,
there is no statistical difference after dialysis

bLPSEndo longitudinal peak systolic strain of basal inner myocardium, bLPSMyo longitudinal peak systolic strain
of basal middle myocardium, bLPSEpi Longitudinal peak systolic strain of basal outer myocardium, mLPSEndo
longitudinal peak systolic strain of middle inner myocardium, mLPSMyo longitudinal peak systolic strain of
middle myocardium, mLPSEpi longitudinal peak systolic strain of the middle and outer myocardium,
aLPSEndo longitudinal peak systolic strain of the inner apical myocardium, aLPSMyo longitudinal peak systolic
strain of the middle apical myocardium, aLPSEpi longitudinal peak systolic strain of the outer apical myocardium
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Fig. 5 Comparison of longitudinal peak systolic laminar strain of left
ventricular basal segment before and after dialysis

segment and middle segment of myocardium, but has little
effect on the apical segments of myocardium. The basal seg-
ment has the strongest contractile force, and the myocardium
is under greater pressure. Therefore, it has a higher demand for
energy and oxygen, and is more sensitive to pathological
changes caused by various ischemia. The results of this study
further confirm the conclusions of previous studies.

It is found that the cardiac function indexes of routine
echocardiography in uremic hemodialysis patients do not
change significantly before and after dialysis, but the indexes
of stratified strain detection e change, which has statistical
significance. It shows that stratified strain technique can detect
the slight changes of myocardial function sensitively in the
early stage before and after dialysis. It has certain application
value to early warn the changes of cardiac function in such
patients.

The limitations of this study are as follows: first, the sample
size is small, and the results of the study need to be further
validated by large samples; second, the technique requires

25 - Il Before dialysis
I After dialysis

Fig. 6 Comparison of longitudinal peak delamination strain of left
ventricular systole before and after dialysis

Il Before dialysis
I After dialysis

Fig. 7 Comparison of longitudinal peak systolic laminar strain of left
ventricular apical segment before and after dialysis

high image quality. The recognition and description of endo-
cardium and epicardium are influenced by many factors, such
as respiration, heart rate, skeleton, subcutaneous adipose layer
and muscular layer thickness, which will directly affect the
accuracy, reproducibility and analysis results of data; third,
myocardium is a three-dimensional motion, but eSie VVI
technology is only a two-dimensional plane analysis, and it
still has spatial dependence, so it cannot evaluate the charac-
teristics of myocardial motion in all segments comprehensive-
ly at the same time.

Conclusion

Hemodialysis has a certain negative impact on left ventricular
systolic function in a short time. Therefore, it is necessary to
closely observe the cardiac function of uremic patients after
hemodialysis, and monitor it when necessary, so as to reduce
the occurrence of sudden cardiovascular events while com-
pleting hemodialysis.

eSie VVI technology can more sensitively, accurately and
quantitatively evaluate the local and global systolic function
of left ventricular inner, middle and outer myocardium layer
by layer, and timely evaluate the changes of longitudinal peak
strain of left ventricular myocardium in uremic patients before
and after hemodialysis. It is hopeful that eSie VVI technology
can provide a new method for quantitatively evaluating the
systolic dysfunction of left ventricular local and global in clin-
ical hemodialysis patients.

Compliance with ethical standards

Conflict of interest Author Yafen Wang declares that he has no conflict
of interest. Author Yiming Zhang declares that he has no conflict of
interest. Author Weidong Liang declares that he has no conflict of inter-
est. Author Liangdong Yuan declares that he has no conflict of interest.
Author Shiqi Zhang declares that he has no conflict of interest. Author
Yang Li declares that he has no conflict of interest.

@ Springer



129 Page 8 of 8

J Med Syst (2019) 43: 129

Ethical approval  All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

This article does not contain any studies with animals performed by
any of the authors.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Sacchi, S., Pieragnoli, P., and Ricciardi, G., Impact of haemody-
namic SonR sensor on monitoring of left ventricular function in
patients undergoing cardiac resynchronization therapy. Europace.
19(10):1695-1699, 2017.

2. Quintero, D. G., Taylor, R. B., and Miller, M. B., Air-abrasive
disinfection of implant surfaces in a simulated model of
periimplantitis. Implant. Dent. 26(3):423, 2017.

3. Versiani, M. A., Ordinola-Zapata, R., and Keles, A., Middle mesial
canals in mandibular first molars: A micro-CT study in different
populations. Arch. Oral Biol. 61:130-137, 2016.

4. Ojaghi-Haghighi, Z., Mohebbi, B., and Moladoust, H., Left ven-
tricular torsional parameters before and after atrial fibrillation abla-
tion: A velocity vector imaging study. Electron. Physician 9(9):
5395-5401, 2017.

5. Tardif, R., Catto, C., and Haddad, S., Assessment of air and water
contamination by disinfection by-products at 41 indoor swimming
pools. Environ. Res. 148:411-420, 2016.

6. Chauveau, S., Anyukhovsky, E. P., Ben-Ari, M., Naor, S., Jiang, Y.
P., Danilo, P. Jr, Rahim, T., Burke, S., Qiu, X., Potapova, 1. A.,

@ Springer

Doronin, S. V., Brink, P. R., Binah, O., Cohen, I, S., and Rosen,
M. R., Induced pluripotent stem cell-derived cardiomyocytes pro-
vide in vivo biological pacemaker function. Circ. Arrhythm.
Electrophysiol. 10(5):¢004508, 2017.

7. Wang, X., Lian, Y., and Wang, X., Study of regional left ventricular
longitudinal function in fetuses with gestational diabetes mellitus
by velocity vector imaging. Echocardiography 33(8):1228—1233,
2016.

8. Lo, Q., Haluska, B., and Chia, E. M., Alterations in regional myo-
cardial deformation assessed by strain imaging in cardiac amyloid-
osis. Echocardiography 33(12):1844, 2016.

9. Li, Y., and Yuan, J., Evaluation of the effect of hemodialysis on left
ventricular longitudinal strain function of myocardium in patients
with uremia by velocity vector imaging. Ultrasound Med. Biol. 43:
S76, 2017.

10. Claramunt, D., Gil-Pefia, H., Fuente, R., Garcia-Lopez, E., Loredo,
V., Hernandez-Frias, O., Ordoiiez, F. A., Rodriguez-Suéarez, J., and
Santos, F., Chronic kidney disease induced by adenine: A suitable
model of growth retardation in uremia. Am. J. Physiol. Cell Physiol.
309(1):F57-F62, 2015.

11. Katsube, Y., Tsujimoto, M., Koide, H., Ochiai, M., Hojyo, A.,
Ogawa, K., Kambara, K., Torii, N., Shima, D., Furukubo, T.,
Izumi, S., Yamakawa, T., Minegaki, T., and Nishiguchi, K.,
Cooperative inhibitory effects of uremic toxins and other serum
components on OATP1B1-mediated transport of SN-38. Cancer
Chemother. Pharmacol. 79(4):783-789, 2017.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Evaluation of eSie VVI Technology on Left Ventricular Systolic Function Changes in Uremic Patients Undergoing Dialysis
	Abstract
	Introduction
	Materials and methods
	Research object
	Instrument and method

	Results and discussion
	Comparison of routine dialysis parameters between pre-dialysis and 1&newnbsp;h post-dialysis in uremic patients
	Comparison of stratified strain parameters between before dialysis and 1&newnbsp;h after dialysis in uremic patients
	Significance of evaluation of left ventricular function before and after dialysis
	Advantages and limitations of 2DE, TDI, RT-3DE, 2D-STI and 3D-STI in evaluating left ventricular function
	Feasibility and superiority of eSie VVI technology in detecting left ventricular myocardial function in uremic patients before and after dialysis
	Analysis of research results

	Conclusion
	References


