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Background: Hemodialysis (HD) can influence end-stage renal disease (ESRD) patients’ circulatory system. 
The present study aimed to evaluate the effect of volume depletion on left ventricular (LV) and left atrial (LA) 
function and determine the volume-independent parameters before and after HD in patients with ESRD.
Methods: Between January 2018 and January 2019, we recruited long-term HD patients (n=40, 51.0±16.4 years),  
excluding those with structural cardiac disease. Echocardiographic parameters, including LV and LA 
volumes, flow Doppler, pulsed tissue Doppler, and speckle tracking echocardiography (STE) before and after 
HD (within 24 h), were examined, and the values were compared.
Results: Following HD, alteration in LV end-systolic volume was not detected, whereas LV end-diastolic 
volume (90.18±23.91 vs. 84.21±23.54 mL, P=0.036) and LV ejection fraction (LVEF; 64.63%±6.56% vs. 
62.84%±6.56%, P=0.049) decreased. Peak early diastolic trans-mitral flow velocity (E-wave; 82.22±20.13 vs. 
72.43±18.32 cm/s, P<0.001), peak early diastolic tissue Doppler velocity (e’; 6.45±1.88 vs. 5.77±1.63 cm/s,  
P<0.001) at the septal side of the mitral annulus, the ratio of early to late Doppler velocities of diastolic mitral 
inflow (0.90±0.27 vs. 0.79±0.23, P<0.001), and the average E/e’ ratio (12.54±4.08 vs. 11.28±4.52, P=0.049) 
decreased significantly. No significant difference was found in peak blood flow velocity at the mitral valve 
during late diastole and e’ at the lateral side of the mitral annulus after HD. LA volume index (35.55±12.61 
vs. 30.22±9.80 mL/m2, P<0.001), tricuspid regurgitation velocity (260.11±36.54 vs. 242.37±32.22 cm/s,  
P=0.002), and pulmonary artery systolic pressure (33.63±11.29 vs. 29.94±7.80 mmHg, P=0.006) 
significantly decreased. LV global longitudinal systolic strain (GLS) of 4-chamber view (–24.37%±3.02% vs. 
–23.38%±3.33%, P=0.019), rather than global circumferential systolic strain, exhibited significant change 
after HD. Significant changes were also found in LV longitudinal early diastolic strain rate (LSRe; 1.17±0.25 
vs. 1.05±0.24 s–1, P<0.001) and early diastolic global radial velocity (Ve; 2.62±0.59 vs. 2.25±0.67 cm/s,  
P=0.011) after HD, but not in other strain rates and global radial velocity measurements. LA maximal 
volume (35.55±12.61 vs. 30.22±9.80 mL/m2, P<0.001), LA total emptying fraction (54.19%±10.39% vs. 
49.63%±11.05%, P=0.009), and LA passive emptying fraction (32.23%±12.86% vs. 26.81%±9.28%, P=0.004) 
decreased significantly after HD, while LA minimal volume, the volume at the onset of atrial systole, and LA 
active emptying fraction after HD were not significantly different.
Conclusions: Most indices of systolic (LVEF and GLS of 4-chamber view) and early diastolic function 
(E-wave, e’, LSRe, global radial Ve, and LA passive emptying fraction) were preload dependent. Late 
diastolic indices, including LV late diastolic global longitudinal strain rate, late diastolic global radial velocity, 
and LA active emptying fraction, did not change with volume depletion.
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Introduction

Patients with end-stage renal disease (ESRD) undergoing 
hemodialysis (HD) tend to have changes in cardiac structure 
and function, which have been recognized as key prognostic 
factors (1,2). A myriad of mechanisms, such as chronic 
volume and pressure overload, anemia, uremia, high-flow 
arteriovenous shunts, fluid retention, abnormal calcium 
and phosphate metabolism, and hyperparathyroidism, 
can lead to cardiac abnormalities (3,4). Also, HD-induced 
acute hemodynamic changes in electrolytes, arterial 
pressure, blood volume, and sympathovagal balance can 
negatively impact cardiac function (5). Diastolic dysfunction 
is prevalent among patients with renal insufficiency, 
but estimating the degree of impaired left ventricular 
(LV) filling depends on the loading conditions (6).  
During standard HD, the volume of blood vessels 
changes significantly, which significantly influences the 
echocardiographic assessment of diastolic dysfunction.

Speckle tracking echocardiography (STE) can assess 
LV myocardial deformation in the longitudinal (7), 
circumferential (8), and radial directions in a simple and 
angle-independent manner to detect subclinical uremic 
cardiomyopathy. LV strain has been proposed to be a new 
indicator of systolic function.

However, using STE to assess HD’s acute impacts on 
cardiac function has created contradictory results (9-13). 
To the best of our knowledge, the present study is the first 
to evaluate the effect of volume depletion on LV and left 
atrial (LA) physiology together. In the present study, the 
effects of HD-induced preload reduction on LV and LA 
function were determined in patients undergoing long-term 
HD by echocardiography, including pulsed Doppler, tissue 
Doppler, and 2D STE.

Methods

Patients

The present study was designed as a prospective cohort 
on 40 patients followed in the Nephrology Department’s 
HD unit, The First Affiliated Hospital of Nanjing Medical 
University, Nanjing, China, between January 2018 and 
January 2019. Patients between 18–85 years of age with 
sinus rhythm, who underwent HD 2–3 times a week for at 
least 1 month and could provide written informed consent 
were recruited in the study. The exclusion criteria were 
acute myocardial ischemia, systolic heart failure, structural 
heart disease, pulmonary embolism, active infection, 

pericardial disease, and atrial fibrillation.
Patients underwent echocardiography immediately before 

and within 24 h after routine HD. Echocardiographic studies 
were performed by an experienced operator. LV and LA 
volumes, flow Doppler, pulsed tissue Doppler, and STE were 
used to evaluate the cardiac function. All echocardiographic 
measurements were averaged over 3 cardiac cycles during 
quiet respiration, and cardiac cycle loops with triggered 
electrocardiogram were stored for offline analysis.

Conventional echocardiography

The Philips iE33 ultrasound instrument with a S5-1 probe 
was used together with a Q-Lab digital workstation (Philips 
Medical Systems, Bothell, WA, USA) for offline analysis. 
Echocardiography was performed before the start of dialysis 
and within 24 h of the end of HD. LV ejection fraction 
(LVEF) was assessed using the biplane Simpson’s method 
from apical 4- and 2-chamber views (14). Peak early (E) and 
late (A) diastolic velocities of the mitral inflow and the early 
diastolic peak velocities (e’) of the septal and lateral mitral 
annulus were evaluated by pulse wave Doppler and tissue 
Doppler imaging (TDI). LV diastolic function was then 
estimated by E/A and E/e’ ratios (15). Tricuspid regurgitation 
velocity (TRV) and right atrium pressure were employed 
to estimate pulmonary artery systolic pressure (PASP). 
Color M-mode Doppler flow propagation velocity (Vp) was 
calculated by mitral inflow during diastole combining color-
flow Doppler and M-mode. LA volume index (LAVi) was 
measured using the biplane area length method and was 
indexed to body surface area. The acquisition of 2D standard 
views and Doppler images was made according to American 
Society of Echocardiography (ASE) recommendations (14).

2D STE

2D grayscale images were recorded using a frame rate 
of >50 frames/s from the apical 4-, 2-, 3-chamber views, 
and the parasternal short-axis views at the basal, papillary 
muscle, and apical levels. At least 3 consecutive cardiac 
cycles were recorded. Offline analyses were performed 
using Automated Cardiac Motion Quantification software 
on Q-lab version 10.4. For LV apical planes, the region of 
interest (ROI) was assessed by identifying 3 points, 2 points 
on both sides of the mitral valve annulus, and 1 point at the 
apex. Next, myocardial motion in the ROI was retrieved on 
each frame, in which manual adjustment was applied when 
necessary (Figure 1). Using the software, global longitudinal 
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systolic strain (GLS), GLS strain rate, LV longitudinal 
early diastolic strain rate (LSRe), and LV late diastolic 
global longitudinal strain rate (LSRa) were automatically 
generated. After placing the circle on the image area for LV 
short-axis planes, the ROI was traced using the software. 
The manual adjustment was also made in the desired 
regions when necessary to optimize tracking. Finally, global 
circumferential strain (GCS), circumferential systolic strain 
rate, early diastolic strain rate, late diastolic strain rate, 
global radial systolic velocity, early diastolic velocity (Ve), 

and late diastolic velocity were generated (Figure 2).

LA function

To evaluate LA function, 3 different phasic LA volumes 
were obtained; the maximum volume of the LA (LAVmax) 
was obtained just before the opening of the mitral valve, 
the minimum volume of the LA (LAVmin) was obtained 
at the closure of the mitral valve and the LA volume at the 
onset of P-wave on the electrocardiogram (LAVpreA). LA 

Figure 1 2D speckle-tracking echocardiography for left ventricular 4-chamber longitudinal strain.

Figure 2 2D speckle-tracking echocardiography for short-axis papillary muscle level circumferential strain.
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function, including LA reservoir, conduit, and booster pump 
function, was calculated as previously described using the 
following formulae: LA total (reservoir) emptying fraction 
(LAEFtotal) = (LAVmax–LAVmin)/LAVmax; LA passive 
(conduit) emptying fraction (LAEFpassive) = (LAVmax–
LAVpreA)/LAVmax; LA active (pump) emptying fraction 
(LAEFactive) = (LAVpreA–LAVmin)/LAVpreA) (16,17).

Statistical analysis

Continuous variables  were presented as  means ± 

standard deviations and categorical data as percentages 
or frequencies. All statistical analyses were conducted 
using SPSS version 22.0 software (IBM, Armonk, NY, 
USA). Comparisons were made using paired samples 
t-test or Wilcoxon test. P<0.05 was considered statistically 
significant.

Results

The baseline characteristics of participants are presented in 
Table 1. We included 40 patients with ESRD (27 males and 
13 females, aged 51.0±16.4 years) and treated by HD for 
4.31±4.18 years. The most common causes of ESRD were 
as follows: chronic glomerulonephritis (40%), polycystic 
kidney disease (10%), arterial hypertension (10%), and 
diabetes mellitus (7.5%). There was a decrease in both 
systolic and diastolic blood pressures after HD, as shown in 
Table 2. However, no significant changes were detected in 
heart rate after HD.

Echocardiography of LV function

The changes in the echo parameters of LV geometry and 
systolic function before and after HD are shown in Table 3. 
Following HD, LV end-systolic volume did not change, but 
LV end-diastolic volume (90.18±23.91 vs. 84.21±23.54 mL, 
P=0.036) and LVEF (64.63%±6.56% vs. 62.84%±6.56%, 
P=0.049) decreased. Pulsed Doppler echocardiography 
showed significantly decreased E-wave peak velocity 
(82.22±20.13 vs. 72.43±18.32 cm/s, P<0.001) and E/A ratio 
(0.90±0.27 vs. 0.79±0.23, P<0.001) for mitral valves. Spectral 
Doppler revealed a significant decrease of e’ at the septal 
side of the mitral annulus (6.45±1.88 vs. 5.77±1.63 cm/s,  
P<0.001), and the average value of the septal and lateral 
side (7.10±2.14 vs. 6.53±1.98 cm/s, P=0.003), while 
the lateral side value showed no difference before and 
after HD. In addition, the average E/e’ ratio decreased 
significantly (12.54±4.08 vs. 11.28±4.52, P=0.049), and 

Table 1 Baseline characteristics and medications of study cohort 
(n=40)

Clinical characteristics Value

Age (years) 51.0±16.4

Sex (male%) 67.5%

Duration of dialysis (years) 4.31±4.18

Current or ex-smoker (%) 10%

Body surface area (m2) 1.68±0.22

Cause of renal failure (%)

Diabetes mellitus 7.5

Hypertension 10

Chronic glomerulonephritis 40

Polycystic kidney disease 10

Others causes or cryptogenic 32.5

Current medication (%)

ACEI/ARB 18.3

B-blocker 21.7

Calcium channel blocker 40

Statin 1.7

ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin 
receptor blocker.

Table 2 Clinical parameters before and after HD

Parameters Pre-HD Post-HD P value

SBP (mmHg) 139.40±14.81 126.09±23.95 0.002**

DBP (mmHg) 82.60±10.62 77.03±9.53 0.002**

Heart rate (beats/min) 74.88±9.74 74.60±9.37 0.839

Weight (kg) 64.56±14.18 61.92±14.05 <0.001***

**P<0.01, ***P<0.001 vs. Pre-HD. DBP, diastolic blood pressure; HD, hemodialysis; SBP, systolic blood pressure.
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LAVi (35.55±12.61 vs. 30.22±9.80 mL/m2, P<0.001), 
TRV (260.11±36.54 vs. 242.37±32.22 cm/s, P=0.002), and 
PASP (33.63±11.29 vs. 29.94±7.80 mmHg, P=0.006) also 
decreased significantly. No significant differences were 
observed for pulmonary vein variables except atrial reversal 
velocity (38.11±14.02 vs. 43.31±16.65 cm/s, P=0.048).

Strain and strain rate measurements

LV GLS of 4-chamber view decreased significantly after 
HD (–24.37%±3.02% vs. –23.38%±3.33%, P=0.019). 
In contrast, no notable alteration was detected for GCS 
between pre- and post-HD (Table 4). Significant differences 

were found in LV LSRe (1.17±0.25 vs. 1.05±0.24 s–1, 
P<0.001), and global radial Ve (2.62±0.59 vs. 2.25±0.67 cm/s,  
P=0.011). Changes for other strain rates and global radial 
velocity measurements were not significantly different.

LA function

LAVmax (35.55±12.61 vs. 30.22±9.80 mL/m2, P<0.001), 
LAEFtotal (54.19%±10.39% vs. 49.63%±11.05%, P=0.009), 
and LAEFpassive (32.23%±12.86% vs. 26.81%±9.28%, 
P=0.004) decreased significantly after HD, while no 
significant difference was found in LAVpreA, LAVmin and 
LAEFactive before and after HD (Table 5).

Table 3 Conventional echocardiography and pulsed Doppler parameters before and after HD

Parameters Pre-HD Post-HD P value

LVEDV (mL) 90.18±23.91 84.21±23.54 0.036*

LVESD (mL) 32.84±12.47 32.08±12.47 0.585

LVEF (%) 64.63±6.56 62.84±6.56 0.049*

E (cm/s) 82.22±20.13 72.43±18.32 <0.001***

A (cm/s) 94.91±22.38 94.11±19.96 0.672

E/A 0.90±0.27 0.79±0.23 <0.001***

DT (ms) 135.76±45.59 151.38±60.30 0.060

e’ septal (cm/s) 6.45±1.88 5.77±1.63 <0.001***

e’ lateral (cm/s) 7.83±2.59 7.33±2.42 0.058

e’ average (cm/s) 7.10±2.14 6.53±1.98 0.003**

E/e’ average 12.54±4.08 11.28±4.52 0.049

LAVi (mL/m2) 35.55±12.61 30.22±9.80 <0.001***

TRV (cm/s) 260.11±36.54 242.37±32.22 0.002**

PASP ( mmHg) 33.63±11.29 29.94±7.80 0.006**

Vp (cm/s) 64.19±42.178 68.81±51.12 0.211

E/Vp 1.45±0.67 1.28±0.62 0.178

Pulmonary vein variables

S (cm/s) 65.48±12.19 66.67±13.71 0.482

D (cm/s) 48.23±12.92 46.08±9.92 0.066

S/D 1.43±0.38 1.50±0.39 0.081

ArV (cm/s) 38.11±14.02 43.31±16.65 0.048*

*P<0.05, **P<0.01, ***P<0.001 vs. Pre-HD. A, peak late diastolic trans-mitral flow velocity; ArV, velocity of atrial reversal; D, pulmonary 
vein flow peak velocity during diastole; DT, deceleration time of the E-wave; E, peak early diastolic trans-mitral flow velocity; e’ lateral, 
early diastolic velocity at the lateral mitral annulus; e’ septal, early diastolic velocity at the septal mitral annulus; HD, hemodialysis; LAVi, 
left atrial volume indexed to body surface area; LVEDV, left ventricle end-diastolic volume; LVEF, left ventricle ejection fraction; LVESV, left 
ventricle end-diastolic volume; PASP, pulmonary artery systolic pressure; S, pulmonary vein flow peak velocity during systole.
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Discussion

Our main finding was that most systolic and early diastolic 
function indices were preload dependent, but late diastolic 
indices were minimally affected by preload. Several studies 
have investigated preload reduction-induced cardiac 
function changes but showed contradictory results (18-23).  
Missant et al. demonstrated that acute lowering of right 
ventricle preload did not affect either the maximum strain 
rate or isovolumic strain acceleration (18). Lee et al. 

reported that no significant change was found for myocardial 
peak systolic velocity and peak late diastolic velocity; 
however, there was a significant reduction of myocardial 
early diastolic phase peak velocity (19). Becker et al.  
reported a relative decrease of radial strain by 9.4%±7.7% 
after valve replacement for aortic regurgitation (20). Several 
studies reported that HD-induced myocardial stunning or 
regional LV systolic dysfunction occurred in some patients 
(21-23), which explained our result that LVEF and GLS 
decreased significantly after HD.

Table 4 2D speckle tracking strain measurements of left ventricle before and after hemodialysis

Parameters Before HD After HD P value

GLS (4-chamber view) (%) –24.37±3.02 –23.38±3.33 0.019*

GCS (%) –30.32±6.50 –30.23±6.25 0.931

LSRs (s–1) –1.13±0.16 –1.18±0.19 0.063

LSRe (s–1) 1.17±0.25 1.05±0.24 <0.001***

LSRa (s–1) 1.18±0.19 1.19±0.21 0.848

CSRs (s–1) –1.81±0.28 –1.85±0.46 0.642

CSRe (s–1) 1.98±0.42 1.88±0.53 0.334

CSRa (s–1) 1.53±0.46 1.61±0.45 0.381

Global radial Vs (cm/s) 2.56±0.40 2.46±0.60 0.366

Global radial Ve (cm/s) 2.62±0.59 2.25±0.67 0.011*

Global radial Va (cm/s) 1.87±0.43 1.82±0.46 0.565

*P<0.05, ***P<0.001 vs. Pre-HD. HD, hemodialysis; CSRa, global circumferential late diastolic strain rate; CSRe, global circumferential 
early diastolic strain rate; CSRs, global circumferential systolic strain rate; GCS, global circumferential systolic strain; GLS, global 
longitudinal systolic strain; LSRa, global longitudinal late diastolic strain rate; LSRe, global longitudinal early diastolic strain rate; LSRs, 
global longitudinal systolic strain rate; Va, late diastolic velocity; Ve, early diastolic velocity; Vs, systolic velocity.

Table 5 Changes in parameters of left atrium geometry and function before and after HD

Parameters Pre-HD Post-HD P value

LAVmax (mL/m2) 35.55±12.61 30.22±9.80 <0.001***

LAVpreA (mL/m2) 24.35±10.77 22.25±8.22 0.057

LAVmin (mL/m2) 16.46±8.20 15.44±7.13 0.237

LAEFtotal (%) 54.19±10.39 49.63±11.05 0.009**

LAEFpassive (%) 32.23±12.86 26.81±9.28 0.004**

LAEFactive (%) 31.80±11.35 31.21±12.03 0.785

**P<0.01, ***P<0.001 vs. Pre-HD. HD, hemodialysis; LAEFactive, left atrium active emptying fraction; LAEFpassive, left atrium passive 
emptying fraction; LAEFtotal, left atrium total emptying fraction; LAVmax, left atrium maximum volume; LAVmin, left atrium minimum 
volume; LAVpreA, left atrium volume at the onset of P-wave on the electrocardiogram.
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Impact of HD on LV systolic function

Our study revealed that LVEF and GLS decreased 
significantly after HD, which is in line with the findings of 
several previous studies (11-13). Ünlü and his colleagues 
found that myocardiac troponin T increased with the 
decline of GLS after HD (11). In another study of 3D STE 
measurements of 58 adults, GLS decreased significantly 
after dialysis (24). In contrast, Mendes et al. found no 
changes in GLS after HD (9). Murata et al. also found 
no significant change in both global longitudinal and 
circumferential strains of adult patients after dialysis (10). 
Also, Amoozgar et al. found no changes in GLS in children 
after dialysis, and believed that children’s STE was preload 
independent (25). In our study, no notable change was 
observed for global circumferential systolic strain after HD. 
These results suggest that circumferential systolic strain is 
not sensitive to preload.

The decrease in afterload can improve LV systolic 
function. GLS should increase after blood pressure 
decreases (18). However, in our study, when patients’ blood 
pressure decreased after dialysis, GLS still decreased. This 
indirectly shows that GLS is preload dependent. According 
to the Starling curve, the reduction of preload leads to 
reduced LV function, which may explain the reduced 
GLS after HD observed in the present study. Burton 
and colleagues reported that 64% of patients developed 
significant LV regional wall motion abnormalities; during 
HD, patients with significant regional wall motion 
abnormalities had a significant drop in LVEF (22). These 
findings suggest that HD-induced LV dysfunction occurs in 
the majority of ESRD patients.

Impact of HD on LV diastolic and LA measurements

We found that HD-associated volume reduction changed 
mitral valve inflow parameters, with typical preload 
reduction. Because E-wave velocity was significantly lower 
than A-wave velocity after HD, the E/A ratio decreased, 
which is consistent with previous studies regarding HD’s 
effect on LV filling echocardiographic parameters (26,27). 
Dincer and colleagues found that the mitral inflow E- and 
A-wave velocities and E/A ratio reduced significantly after 
HD (26). Agmon and colleagues showed that the velocity of 
mitral inflow E decreased, and deceleration time increased 
with a smaller decline in mitral inflow A velocity after HD, 
which resulted in a significant decline in the E/A ratio (27).

TDI e’ velocity also decreased on the septal mitral 

annulus. Mean E/e’ was slightly reduced after HD, which 
was likely to be caused by more decrease in E velocity than 
e’. Dincer et al. and Agmon et al. reported significantly 
decreased TDI-derived velocities of diastolic myocardial 
function after HD (26,27). Furthermore, Hung et al. 
demonstrated that the TDI indices of LV diastolic function 
altered with loading changes (28).

These findings indicate that the mitral annular velocities 
are also preload dependent. In our cases, Vp was a preload-
independent indicator of diastolic function in chronic 
patients with prevalent isolated diastolic dysfunction.

Although strain was thought to be independent of 
loading conditions, subsequent studies showed contradictory 
results (18,28). Obvious changes were seen in early diastolic 
strain rate measurements of both the right ventricle and 
right atrium (29).

The most important function of the LA is to regulate the 
LV filling. LA acts as a reservoir for a pulmonary venous 
return during ventricular systole, a conduit for a pulmonary 
venous return during early diastole, and a powerful pump 
to augment the LV filling during late diastole. During the 
cardiac cycle, it is important to recognize the interaction 
between the LV performance and the function of the LA. 
For example, the LA reservoir function is not only affected 
by the compliance of the LA, but also related to the systolic 
function and end-systolic volume of the LV. Conduit 
function is related to the compliance of the LA and the 
relaxation and compliance of the LV. Finally, the pump 
function of LA reflects LA contractility, but is also related 
to venous return (atrial preload), LV end-diastolic pressure, 
and LV systolic reserve (30). The present study showed that 
volume depletion led to significantly changed LV LSRe 
and radial Ve, LAVmax, and LAEFpassive. However, no 
significant changes could be induced by volume depletion in 
the LSRa of the LV, LAVpreA, LAVmin, and LAEFactive. 
Our results suggested that increased preload mainly affected 
the reservoir and conduit phases, and therefore a large 
proportion of blood might be transferred to the LV during 
the conduit phase (early filling phase), which could lead to 
reduce blood volume in the LA during the contraction. The 
LA contraction phase corresponds to the ventricular late 
diastolic phase, in which the remaining blood after the early 
filling phase is pumped to the ventricle. It can be assumed 
that the elevated preload has no direct effect on the LA 
contractile function. The fact that only early, but not late, 
the diastolic strain rate is load dependent can be explained 
by ventricular filling physiology. When a large volume of 
blood is transferred to the LV, the volume overload may 
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impact the early diastolic phase of the LV and conduit phase 
of LA. Therefore, the rest volume of LA in the contraction 
phase is not directly related to body volume status. Our 
findings support this hypothesis because no significant 
changes were found in LAVpreA and LAVmin before and 
after HD.

The acute changes in echo parameters after HD might 
be related to serum ionized calcium concentration changes, 
sympathetic hyperactivity, increased oxidative stress during 
HD, and low-resistant vessels (31).

The current guideline does not recommend the optimal 
timing of echocardiographic evaluation in patients with 
ESRD, and volume overload before HD will underestimate 
diastolic dysfunction. Therefore, LV diastolic function 
should be evaluated in a relatively euvolemic state.

Study limitations

This study was a single-center, small-sample preliminary 
study, and its conclusions need to be further confirmed by a 
more rigorous and large-sample prospective study. Another 
limitation was the impossibility of blinding the study 
because the echocardiographer who acquired the images 
knew the dialysis time.

Conclusions

Echocardiographic evaluation of the systolic and diastolic 
function of ESRD patients undergoing HD depends on the 
time of dialysis. Our findings suggest that the evaluation of 
cardiac function should be performed at the end of dialysis, 
and that limiting inter-dialytic weight gain and keeping a 
low ultrafiltration volume may help preserve the patients’ 
cardiac function.
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