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Abstract: This study aimed to test the ability of real-time three-dimensional echocardiography (RT3DE) to character-
ize early abnormalities of right ventricular (RV) structure and function with preserved left ventricular (LV) ejection 
fraction (EF) in uremic patients undergoing peritoneal dialysis (PD). Sixty-six uremic patients with preserved left ven-
tricular ejection fraction (> 50% LVEF) undergoing peritoneal dialysis and 20 healthy control participants underwent 
both standard and RT3DE assessment. The PD patients with right ventricular ejection fraction (RVEF) > 45% com-
posed group A (45 patients), and all other patients were included in group B (21 patients). The RV volume and ejec-
tion fraction, global longitudinal strain (GLS), global circumferential strain (GCS), global area strain (GAS), and global 
radial strain (GRS) were calculated using RT3DE. GLS in Group A was significantly lower than the GLS in the control 
group. In patients with abnormal right ventricular function, GCS, GAS, GRS and GLS were lower in the group B than 
in healthy controls. Compared with the control subjects, GLS, GRS, and GAS were lower among PD patients, but the 
GCS was similar among the groups. The right ventricular GLS of patients undergoing peritoneal dialysis decreased 
prior to the decline in before the right ventricular ejection function became worse. GLS is a sensitive index marker 
for assessing right ventricular function in patients with peritoneal dialysis. In uremic patients undergoing peritoneal 
dialysis with obvious abnormal right ventricular systolic function, GLS, GRS, GAS, and GCS were all decreased. 

Keywords: Peritoneal dialysis, real-time, three-dimensional echocardiography, speckle-tracking echocardiography, 
right ventricular function

Introduction

Traditionally, peritoneal dialysis (PD) without 
arteriovenous fistula, which can increase blood 
circulation pressure, has been recommended 
for uremic patients. Using this approach, the 
body volume changes occur slowly, and there is 
minimal risk of developing cardiovascular dis-
ease. PD patients do not require heparin treat-
ment which can increase the bleeding risk and 
heart burden. Body circulation and metabolism 
remain stable. With residual renal function and 
controlled blood pressure, PD patients can 
experience improvement of anaemia and car-
diac function [1, 2]. However, in clinical prac-
tice, even in patients in whom blood pressure is 
controlled, PD is not superior to haemodialysis 
(HD). With prolonged PD, increases in blood 

pressure can lead to structural changes and 
ventricular dysfunction, especially if residual 
renal function decreases and peritoneal ultrafil-
tration capacity load increases. Although most 
available studies focused their attention on left 
ventricular (LV) dysfunction in end-stage renal 
disease (ESRD) patients, few studies have 
examined patients with right ventricular (RV) 
dysfunction. This type of dysfunction is impor-
tant, as right ventricular dysfunction (RVD) has 
been associated with increased morbidity and 
mortality in many cardiovascular diseases [3, 
4]. In a recent study, RV dysfunction was report-
ed in two-thirds of patients on long-term dialy-
sis [5]. Low RV ejection fraction was associated 
with increased mortality and hospitalization 
rates after adjustment for other prognostic vari-
ables. Thus, the assessment of RV function 
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rather than LV function is a necessary comple-
ment for determining the prognosis of patients 
with refractory heart failure. The impact of peri-
toneal dialysis treatments on the development 
of RVD has not been investigated. It is impor-
tant to note that in patients with preserved left 
ventricular ejection fraction (EF), chronic vol-
ume overload may induce various adaptations 
of the right ventricle, thereby accelerating or 
delaying the progression toward right ventricu-
lar dysfunction [6]. However, accurate echocar-
diographic assessment of the right ventricle is 
difficult because of the ventricle’s complex 
geometry, and the RV’s retrosternal position 
limits echocardiographic imaging. More recent-
ly, three-dimensional (3D) speckle tracking 
echocardiography (3D-STE) has been intro-
duced and demonstrated to be capable of 
accurately assessing myocardial deformation 
in all three spatial dimensions from 3D data 
sets [7-9]. 3D-STE has the potential to over-
come the limitations of Doppler-based strain or 
2D-based speckle-tracking strain [10]. 3D-STE 
measures myocardial deformation in the longi-
tudinal, radial and circumferential directions by 
means of frame-by-frame tracking and may be 
used as a technique to assess RV volumes and 
function [11]. Other detection methods are lim-
ited in their ability to acquire a high-quality full-
volumetric 3D data set, whereas 3D-STE can 
assess the RV anterior wall and the RV apical 
lateral segments in patients with poor imaging 
windows and/or a dilated RV [12]. Data on the 
feasibility of 3D-STE in a routine clinical context 
are limited. The use of 3D-STE may be impor-
tant in detecting the clinically asymptomatic RV 
dysfunction. This study aimed to identify early 
abnormalities of right ventricular structure and 
function in peritoneal dialysis patients using 
real-time three-dimensional echocardiography 
(RT3DE).

Methods

Study population

The study population included sixty-six patients 
undergoing peritoneal dialysis in our hospital 
from 2012 June to 2014 June, including 36 
males and 30 females. The patients’ ages 
ranged from 27 to 80 years old, and the aver-
age age was 51.50±14.71 years. Patients were 
included if they had received peritoneal dialysis 
for 3 to 51 months. They did not show obvious 
symptoms of heart failure, such as shortness of 

breath, chest tightness, leg edema, and so on. 
They were in a relatively stable state in perito-
neal dialysis. Patients were excluded from the 
study if the clinical evaluation revealed that the 
patients exhibited any of the following: chronic 
obstructive pulmonary disease, interstitial lung 
disease, connective tissue disease, chronic th- 
romboembolic disease, left-to-right shunt con-
genital heart disease, primary pulmonary hy- 
pertension, pulmonary artery stenosis, obstruc-
tion of the right ventricular outflow tract, right 
ventricular pacemaker placement, right ven-
tricular myocardial infarction, tricuspid valve 
disorders or cardiomyopathy. The uremic pa- 
tients were evaluated routinely by echocardiog-
raphy, and patients with left ventricular ejection 
fraction (LVEF) > 50% were included in the 
study. According to the Recommendations for 
Cardiac Chamber Quantification by Echocardio- 
graphy in Adults, 3DE-derived RVEF can be con-
sidered a method for quantifying RV systolic 
function. Generally, RVEF < 45% reflect abnor-
mal RV systolic function [13]. The PD patients 
were divided into 2 groups according to wheth-
er the RVEF was greater or less than 45%. 
Group A included patients with RVEF > 45% (45 
patients), and the remaining patients were 
included in group B (21 patients). Twenty 
healthy volunteers composed the normal con-
trol group (group N), with were age- and gender-
matched to the patients. All patients and 
healthy volunteers underwent blood pressure 
measurement, ECG, echocardiography dynam-
ic mapping and other examinations to exclude 
the influence of various diseases of cardiac 
function. All patients signed an informed con-
sent form before entering the study. Our study 
was approved by ethics committee of The  
Second Hospital Affiliated with Soochow 
University.

Procedures

Standard echo-Doppler examinations were per-
formed using a M5S transducer with harmonic 
capability, and the RT3DE data sets of the right 
ventricle were obtained using a 3D volumetric 
transducer of a Vivid E9 ultrasound machine 
(GE Healthcare, Horten, Norway). Heart rate 
(HR) and blood pressure (BP) were recorded at 
the end of the echocardiographic examination.

Standard echo-Doppler examination 

The 2D standards used in our laboratory have 
been previously described. The quantitative 
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analysis of the left ventricle was performed 
according to the recommended guidelines. 
Two-dimensional LVEF was derived from the LV 
end-diastolic and end-systolic volumes calcu-
lated according to the Simpson rule. Right atrial 
and ventricular lengths were measured in the 
apical four-chamber view. The LV study was 
used to measure the left ventricular internal 
diastolic diameter (LVIDd), left ventricular inter-
nal systolic diameter (LVIDs) and interventricu-
lar septal thickness at diastole (IVSd). In the 
presence of tricuspid valve regurgitation, sys-
tolic pulmonary artery pressure was calculated 
using the simplified Bernoulli equation: sPAP = 
4*(tricuspid systolic jet)2 + right atrial pressure. 
According to the echocardiographic criteria, 
pulmonary hypertension was defined as sPAP > 
35 mmHg at rest [14].

Real-time 3D echocardiography

Three-dimensional echocardiographic exami-
nation was performed from an apical position. 
RV measurements were performed by applying 
the LV model to fit the RV, with semiautomated 
border detection and manual editing of the bor-
ders to generate a 3D model from which vol-
umes can be measured without geometric 
assumptions. To create a full-volume data set, 
4 smaller real-time volumes acquired from 4 
consecutive cardiac cycles were combined to 
form a larger pyramidal volume. Apical full-vol-
ume acquisition was obtained to visualize the 
entire RV in a volumetric image. While retaining 
the entire RV within the pyramidal volume, 
depth and sector width were decreased as 

much as possible to improve the temporal and 
spatial resolution of the image, resulting in a 
volume rate of > 25 volumes/sec. The full-vol-
ume mode was initiated after the acquisition of 
a satisfactory image of the apical four-chamber 
view, and the three-dimensional images of the 
right ventricle were obtained during a single 
breath-hold. Contour tracing was performed 
with semiautomatic border detection, after first 
identifying the apex and tricuspid annulus on 
each slice, the endocardial borders of each 
frame were fit to a preconfigured ellipse and 
adjusted. If the acquisition was considered sub-
optimal, the data set was re-acquired. Data 
sets were stored digitally in a raw data format 
and were exported to a separate workstation 
(Echopac, PC 110.1.1, GE Healthcare) equipped 
with commercially available software (4D Auto 
LVQ software, GE Healthcare) for off-line analy-
sis of RV volumes, EF, RV mass, and 3DSTE 
deformation parameters. RV analysis was per-
formed according to a previously described 
methodology [15]. The right ventricular wall 
was divided into 17 segments, and the strain 
curves and peak systolic strain values for each 
segment and overall right ventricular wall were 
obtained. Global longitudinal strain (GLS), glob-
al circumferential strain (GCS), global radial 
strain (GRS), and the global area strain (GAS) 
were generated, measured and statistically 
analysed. Contrary to directional strains, which 
are calculated from changes of distance in their 
respective directions, the area strain (AS) is a 
measure of the relative percentage change in 
the area of a given myocardial segment, thus 
representing the percentage change of the 

Table 1. Clinical parameter in patients with PD patients and healthy subjects

Variable Healthy
Control (20) PD (66) P

PD
P

RV > 45% (45) RV < 45% (21)
Age, years 53.15±15.84 51.50±14.71 0.667 53.66±15.34 53.66±15.34 0.085
Female gender, % 8/20 30/66 0.667 21/45 9/21 0.772
Heart rate, beat/min 71.20±10.68 74.00±12.90 0.380 75.04±12.60 71.76±13.55 0.321
Diabetes melitus/hypertention% - 36/66 - 26/45 10/21 0.440
SBP, mmHg 123.35±7.49 142.27±17.78 0.000 144.33±19.24 137.85±13.52 0.127
DBP, mmHg 81.60±4.41 84.60±10.33 0.211 84.26±11.26 85.33±8.22 0.668
HGB, g/L 145.20±9.43 98.39±20.09 0.000 99.44±20.89 96.14±18.54 0.497
UREA, mmol/L 5.21±1.11 19.81±7.38 0.000 19.56±7.89 20.34±6.33 0.654
URCA, umol/L 246.45±88.56 443.46±112.54 0.000 449.11±119.97 431.38±96.32 0.536
CREA, umol/L 76.85±8.44 866.87±321.63 0.000 845.51±317.14 912.66±334.22 0.372
CYC, mg/L 0.73±0.10 5.90±1.32 0.000 5.87±1.39 5.96±1.19 0.764
SBP, systolic blood pressure; DBP, diastolic blood pressure; HGB, hemoglobin; CERA, creatinine; URCA, uric acid; CYC, Cystatin C.
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myocardial surface from its original dimen-
sions. Using this approach, RV end-diastolic 
(EDV, mL) and RV end-systolic volume (ESV, mL) 
were calculated, and the stroke volume (SV, mL 
EDV-ESV), cardiac output (CO, L/m SV × HR), 
and RVEF [(EDV-ESV)/EDV × 100%] were de- 
rived. RV mass [(RV, g epicardial volume-RV 
endocardial volume) × 1.05] was estimated at 
end-diastole using automated border detection 
with optional manual adjustment. 

Statistical analysis

Statistical analysis was performed using SPSS 
software version 17.0. Continuous variables 
are expressed as mean ± SD, and nominal vari-
ables are expressed as percentages. Catego- 
rical variables were compared between groups 
using the ANOVA, which were adjusted for age 
and gender. The p values after adjustment are 
presented. The null hypothesis was rejected at 
P≤0.05. Two-tailed values of P≤0.05 were con-
sidered statistically significant. Reproducibility 
analyses (intra- and interobserver variability) 
were performed by calculating intraclass corre-
lation coefficients (rho). Bland-Altman plots for 
interobserver differences and average values 
were generated for GAS, GLS, GRS, and GCS.

Results

Clinical features (Table 1)

Age, gender, and heart rate were similar in the 
peritoneal dialysis group and in the control sub-
jects. Compared with the control group, the PD 
group exhibited a significantly higher systolic 

blood pressure (142.27±17.78 mmHg) and ur- 
ea (19.81±7.38 mmol/L), creatinine (866.87± 
321.63 umol/L) and cystatin (5.90±1.32 mg/L) 
levels but lower HGB (98.39±20.09 g/L). These 
indexes did not significantly differ between in 
group A and group B. 

2D echocardiographic parameters (Table 2)

The LV ejection fraction and left ventricular 
fractional shortening (LVFS) were similar in all 
groups, although the PD group exhibited a high-
er left ventricular LVIDd and LVIDs than did the 
control subjects. The interventricular septum  
in the PD group exhibited greater thickening 
than the control subjects (10.73±1.85 mm vs. 
8.63±0.99 mm), indicating that the left ventric-
ular function was normal but was accompanied 
by structural changes in the left ventricle. The 
pulmonary arterial pressure was significantly 
increased in the PD group compared with the 
normal control group (27.50±8.01 mmHg vs. 
22.91±4.45 mmHg). There were significant  
differences (P < 0.0001) in the RA long axis 
diameter, whereas there were no differences 
(P=0.699) in the RV size. There were no signifi-
cant differences in any 2D echocardiographic 
parameters between the subgroups of patients 
with RVEF < 45% or ≥45%.

3D echocardiographic parameters (Table 3)

RVEDV and RVESV were similar between the 
peritoneal dialysis group and the control sub-
jects. The right ventricular diastolic volume did 
not significantly change in any of the three 
groups. RV mass was higher in the PD group. 

Table 2. 2D echocardiographic parameters

Variable Healthy 
Control (20) PD (66) P

PD
P

RV > 45% (45) RV < 45% (21)
LVEF (%) 62.27±4.35 60.83±6.48 0.355 61.59±6.79 59.54±5.62 0.135
LVFS (%) 35.00±3.82 32.55±5.36 0.061 32.84±5.96 31.92±3.84 0.498
LVIDd(mm) 45.44±2.66 51.55±6.21 0.000 51.18±6.60 52.34±5.33 0.438
LVIDs (mm) 28.23±4.85 34.65±5.92 0.000 34.37±6.52 35.62±4.43 0.558
IVSd (mm) 8.63±0.99 10.73±1.85 0.000 10.81±2.00 10.57±1.50 0.609
RV basal (mm) 33.40±3.73 32.83±6.19 0.699 32.77±6.30 32.95±6.08 0.909
RA long axis (mm) 38.05±3.11 44.72±7.12 0.000 44.51±7.05 45.19±7.42 0.692
RA minor axis (mm) 31.10±4.42 33.43±6.15 0.118 33.88±5.82 32.47±6.86 0.361
PA systolic pressure (mmHg) 22.91±4.45 27.50±8.01 0.017 26.82±7.10 28.96±9.73 0.275
LVEF, left ventriculer ejection fraction; LVFS, left ventricular fractional shortening; LVIDd, left ventricular internal diastolic di-
ameter; LVIDs, left ventricular internal systolic diameter; IVSI, interventricuiar septal thickness at diastole; RA, right atrium; RV, 
right ventriculer; PA: pulmonary artery.
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Compared with the control subjects, the right 
ventricle GLS (-23.40±5.18%), GRS (62.56± 
19.09%), and GAS (-32.90±10.97%) were de- 
creased in the PD group, although the GCS 
(-15.94±3.79%) remained at a normal level. 
The GLS (-24.09±5.00%) of Group A was signifi-
cantly lower than the GLS (-27.63±4.12%) of 
the control group (Figure 1). Among peritoneal 
dialysis patients with normal right ventricular 
EF, 3D speckle tracking technology revealed 
decreased GLS. Among the patients with ab- 
normal right ventricular ejection function, the 

GCS, GAS, GRS and GLS were all reduced in 
Group B relative to healthy controls (-14.21± 
2.83% vs. -16.82±5.11%, -27.65±15.98% vs. 
-40.20±10.67%, 54.27±14.66% vs. 74.16± 
21.52%, and -21.92±5.37% vs. -27.63±4.12%, 
respectively) (Figure 2). 

Reproducibility of 3D-STE measurements

A Bland-Altman plot of the GLS, GCS, GRS, and 
GAS interobserver differences were depicted in 
Figure 3; the extent of agreement between the 
two observers was adequate (Figure 3).

Table 3. 3D echocardiographic parameters of right ventriculer in with PD patients and healthy subjects

Variable Healthy 
Control (20) PD (66) P Healthy 

Control (20)

PD
P Healthy 

Control (20)

PD
PRV > 45% 

(45)
RV < 45% 

(21)
RVEDV, ml 47.35±11.28 50.09±17.36 0.509 47.35±11.28 50.04±17.64 0.540 47.35±11.28 50.19±17.17 0.578
RVESV, ml 18.95±7.27 22.57±9.13 0.108 18.95±7.27 20.20±8.10 0.574 18.95±7.27 27.66±9.31 0.001
GLS, % -27.63±4.12 -23.40±5.18 0.001 -27.63±4.12 -24.09±5.00 0.009 -27.63±4.12 -21.92±5.37 0.000
GRS, % 74.16±21.52 62.56±19.09 0.023 74.16±21.52 66.42±19.82 0.136 74.16±21.52 54.27±14.66 0.001
GAS, % -40.20±10.67 -32.90±10.97 0.010 -40.20±10.67 -35.35±6.50 0.089 -40.20±10.67 -27.65±15.98 0.000
GCS, % -16.82±5.11 -15.94±3.79 0.406 -16.82±5.11 -16.75±3.93 0.945 -16.82±5.11 -14.21±2.83 0.041
CO, L/m 2.11±0.54 2.02±0.83 0.642 2.11±0.54 2.21±0.82 0.614 2.11±0.54 1.60±0.69 0.031
SV, mL 28.55±6.66 27.54±10.82 0.696 28.55±6.66 29.86±11.09 0.612 28.55±6.66 22.57±8.48 0.050
SPl 0.39±0.15 0.38±0.11 0.752 0.39±0.15 0.39±0.11 0.942 0.39±0.15 0.37±0.10 0.500
RVEF, % 61.25±7.97 54.07±9.90 0.004 61.25±7.97 59.64±6.44 0.338 61.25±7.97 42.14±2.81 0.000
RVmass, g 81.30±10.63 89.74±15.90 0.029 81.30±10.63 87.13±15.16 0.140 81.30±10.63 95.33±16.38 0.003
RVEDV, right ventricular end-diastolic volume; RVESV, right ventricular end-systolic volume; GLS, global longitudinal strain; GCS, global circumfer-
ential strain; GRS, global radial strain; GAS, global area strain; CO, cardiac output; SV, stroke volume; SPI, Spherical index; RVEF, right ventricular 
ejection fraction.

Figure 1. GLS: PD Group A VS. healthy subjects (the left one is the GLS of PD Group A and the right one is the GLS 
of the healthy subjects).
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Discussion

The PD group vs. the control group

Due to the superior ability of peritoneal dialysis 
to preserve residual renal function compared 
with haemodialysis, mortality rates associated 
with dialysis have decreased during the first 
few years [16, 17]. A study reported that the 
mortality of patients on peritoneal dialysis was 
significantly associated with hypertension, de- 
creased sodium removal, and low total fluid 
removal [18]. Peritoneal membranes remove 
mid-sized molecules and protein-bound mole-
cules more efficiently but have fewer pores of 
greater diameter [16]. The retention of uremic 
toxins in the blood of PD patients can signifi-
cantly inhibit the energy metabolism of myocar-
dial cells. Peritoneal dialysis is unable to effec-
tively clear all uremic toxins, resulting in sus-
tained damage to the myocardium in PD 
patients. According to the results of this pre-
sent study, we can infer that toxins can easily 
damage the myocardium, as evidenced by 
changes in the GAS, GRS, and GLS, although 
GCS damage was not obvious. The right ventri-
cles are composed multiple layers, as described 
by Ho and Nihoyannopoulos, and the superficial 
and deep muscle layers mainly comprise the 
RV wall. The superficial layer fibres are arrayed 
circumferentially in a direction that is parallel to 

the atrioventricular (AV) groove [19, 20]. The 
GCS is representative of the superficial myocar-
dium strain rate, and the lack of change in this 
parameter suggests that the effects of toxins 
on the superficial layer in uraemia patients are 
less serious than effects on the inner layer. 
Compared with the control group, the pulmo-
nary artery pressure of patients in the perito-
neal dialysis group was increased. To adapt to 
the high pressure of pulmonary circulation, the 
end systolic pressure of the right ventricle 
increases. This study demonstrated that sPAP 
and RV mass increased in the peritoneal dialy-
sis group. Long-term right ventricular pressure 
overload leads to functional tricuspid valve 
insufficiency, initiating pathological RV remod-
elling and resulting in decreased wall stress, 
which ultimately induces right heart failure. Our 
study also revealed that the LV volume in- 
creased and that the LV wall thickened, sug-
gesting the development of LV hypertrophy in 
the PD group. A long-term increase in peripher-
al resistance can result in cardiac muscle thick-
ening and interstitial fibrous proliferation, even-
tually leading to ventricular wall hypertrophy. 
Additionally, the quality of the right ventricle 
increased before any obvious changes in right 
ventricular morphology were observed. A previ-
ous study confirmed that LV hypertrophy was 
more severe in patients on long-term continu-
ous peritoneal dialysis than in patients on hae-

Figure 2. PD group B VS. healthy subjects (the left were GLS, GCS, GAS and GRS of the PD Group B and the right 
were GLS, GCS, GAS and GRS of healthy subjects).
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modialysis [21]. These results suggest that the 
toxins induced both LV hypertrophy and RV 
hypertrophy and that these changes may there-
fore represent pathological adaptations.

The group A vs. the control group

This comparison demonstrated early right  
ventricular dysfunction in peritoneal dialysis 
patients with preserved left ventricular ejection 
fraction. Global longitudinal strain (GLS) was 
assessed by the software as the average strain 
of all segments in the 17-LV-segment model 
and was calculated by averaging values ob- 
served in all RV segments [22]. The deep mus-
cle fibres of the RV are longitudinally ordered 
from base to apex. The GLS is representative of 
the superficial myocardium strain rate. The cre-
atinine and urea in the uremic patients under-
going peritoneal dialysis were relatively un- 
changed. Changes in the levels of creatinine, 
urea and other toxins may firstly affect the sub-

endocardial layer, which suggests that the deep 
muscle fibres in the uremic patients undergo-
ing peritoneal dialysis were impaired in the 
early stage of right ventricular dysfunction. 
Furthermore, the subendocardial layer is vul-
nerable to the effect of pressure and ischemia, 
which are more commonly associated in elderly 
or hypertensive patients [23]. Other studies 
have reported that the changes in the serum 
levels of tissue inhibitor of matrix metallopro-
teinase indicate that a change in collagen turn-
over and the myocardial fibrotic process may 
be associated with impaired longitudinal strain 
generated in this early LV dysfunction [24], and 
this association may extend to the right ventri-
cle. A previous study reported that the rate of 
decline in residual renal function has more 
influence than the baseline residual renal func-
tion in pretesting all-cause mortality and tech-
nique failure in patients on long-term peritoneal 
dialysis. Differences in loading conditions, com-
pliance with a lower after load in the RV, and 

Figure 3. Bland-Altman plot of inter-observer difference of the GLS, GCS, CRS, GAS. Continuous lines are 95% con-
fidence intervals of between-measure differences.
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the predominance of longitudinal and oblique 
myocardial fibres in the RV may also influence 
mortality [25]. Longitudinal strain was reduced 
when the EF and both radial and circumferen-
tial strain remained normal [26]. The GLS was 
precociously reduced, although the area and 
radial and circumferential strain were pre-
served, suggesting normal RV systolic function. 
The longitudinal strain was lower in patients 
undergoing peritoneal dialysis with right ven-
tricular EF > 45% compared with the control 
subjects. Therefore, we can conclude that the 
longitudinal stain has the high sensitivity in the 
assessment of right ventricular function. When 
right ventricular function is normal in PD pa- 
tients, three-dimensional speckle tracking can 
detect dysfunction using the global longitudinal 
strain. 

Group B vs. the control group

PD patient exhibit a reduced ability to remove 
water to reduce volume load and decrease 
blood pressure. The development of overhydra-
tion may be exacerbated by the limited capacity 
for sodium removal during peritoneal dialysis. 
An EF < 45% in uremic PD patients is sugges-
tive of abnormal right ventricular function. 
Overhydration promotes the development of 
left ventricular hypertrophy (LVH) and elevated 
serum concentrations of natriuretic peptides 
due to increased production by the myocardi-
um, particularly the right ventricle. Three-
dimensional speckle tracking revealed that 
GLS, GRS, GAS, and GCS were decreased in 
Group B patients. These results indicated that 
if the right ventricular EF is < 45%, the longitu-
dinal, radial, circumferential and area strain 
were impaired. Additionally, these abnormali-
ties involving the GLS, GRS, GCS and GAS were 
evident in uremic patients and resulted in only 
minor changes of the RV geometry and abnor-
mal EF. In a recent study, Cho et al explained 
that more advanced myocardial involvement is 
associated with a decrease in and that circum-
ferential strain is more closely associated with 
prognosis than longitudinal strain in ischemic 
HF. Longitudinal contraction, circumferential 
shortening, and radial thickening are all in- 
volved in RV systolic function; circumferential 
strain is triggered by muscle fibres in the mid-
wall [27] and may better reflect intrinsic con-
tractility than the contraction of fibres in the 
endocardium [24]. RT3DE-derived STE can 

track the motion of the speckles irrespective of 
their direction because the speckles remain 
within the selected scan volume, an aspect 
that might be particularly relevant in the quan-
tification of radial strain. GRS is less robust and 
less reproducible than GLS or GCS due to the 
need to evaluate variable levels of heartbeat 
function and the different effect of the unde-
tectable third displacement vector. Because 
area strain is a parameter integrating longitudi-
nal and circumferential deformation, a more 
global and comprehensive evaluation of right 
ventricular systolic function should be provid-
ed. Thus, unlike radial, circumferential, or longi-
tudinal strain, area strain represents the per-
centage change in the endocardial surface 
area from its original dimension, whereas direc-
tion strain reflects changes in distance in the 
respective directions. In the comparison of RV 
dysfunction and control subjects, GAS was sig-
nificantly lower in patients with RV dysfunction. 
Similarly, Yu et al reported that RV GAS was 
impaired in association with RV dyssynchrony, 
volume overload and reduced EF in adults after 
tetralogy of Fallot repair [28]. Associations 
between peritoneal ultrafiltration and mortality 
have been conformed in anuric patients. When 
fluid intake is not adapted to peritoneal ultrafil-
tration, patients will develop overhydration, and 
the risk of cardiovascular events will increase. 
The effect of the RV on the pumping action of 
the heart tends to be influenced by capacity, 
volume load and pressure load. Thus, the sys-
tolic function of the RV is almost exclusively 
dependent on the afterload that the cardiac 
chamber must confront [29]. Indeed, in patients 
with advanced HF, independent of LV function, 
impairment of RV systolic function is consist-
ently associated with worse outcomes [30]. In 
the largest study to date evaluating the impact 
of RV function on outcomes in patients with 
advanced systolic HF, chronic volume overload 
was demonstrated to affect right ventricular 
function independent of post-load conditions. 
In chronic volume overload, an increase in body 
water amplifies the effects of the predisposing 
factors, leading right ventricular dysfunction, 
demonstrating a correlation between hydration 
status and pulmonary pressure [31]. We believe 
that overhydration may be the most important 
of the cardiovascular risk factors specific to 
peritoneal dialysis. The risk of overhydration 
increases with deteriorating residual renal 
function and is obviously highest in anuric 
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patients. All of the above factors lead to 
decreased GLS, GRS, GAS, and GCS in uremic 
patients undergoing peritoneal dialysis and are 
indexes of RV function reflect intrinsic myocar-
dial function. 

Conclusion

The right ventricular GLS of patients undergo-
ing peritoneal dialysis decreased prior to 
decreases in right ventricular ejection function. 
Therefore, GLS is a sensitive index for assess-
ing right ventricular function in patients under-
going peritoneal dialysis. GCS was the last 
mark to be affected by RV function. In uremic 
patients with abnormal right ventricular systolic 
function, GLS, GRS, GAS, and GCS all decreased 
upon peritoneal dialysis. These factors are 
indexes of RV function specifically reflect intrin-
sic myocardial function. Therefore, three-
dimensional (3D) speckle tracking echocardiog-
raphy (3D-STE) is capable of accurately assess-
ing myocardial deformation of the RV function, 
and subclinical intrinsic myocardial dysfunction 
may be detectable by 3D-STE. This new appro- 
ach presents an additional, reliable detection 
method for early myocardial deformation by 
standard echocardiography abnormalities. All 
of the parameters obtained by RT3DE were suf-
ficiently reliable.

Limitations

One limitation of this study was the lack of ran-
domization. Thus, a control group of patients 
undergoing HD or uremic patients not undergo-
ing any dialysis were not included in the analy-
sis. Another limitation was that the effect of 
abnormal RV was not specifically described as 
part of this study. Furthermore, the largest pro-
portion of patients were enrolled from the 
Soochow site. Technical limitations of each 
speckle-tracking method include endocardial 
border tracing, where care must be taken to 
manually fine-tune the width or the region of 
interest for appropriate tracking. A relatively 
high degree of intraobserver variability of spe- 
ckle tracking analysis was observed in this pre-
sent study, even with an experienced core lab. 
Accordingly, speckle tracking, similar to tissue 
Doppler dyssynchrony analysis, requires train-
ing and experience to achieve reproducible 
results. Another limitation was that other meas-
ures of dyssynchrony, such as using tissue 
Doppler, were not compared in this same group 

of patients. However, this multiple method 
comparison was beyond the scope of the pre-
sent study, which focused on speckle-tracking 
echocardiography. Future larger studies would 
be useful to further elucidate the role of speck-
le-tracking echocardiography for the assess-
ment of right ventricular function.
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