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Background: The influence of hemodialysis (HHD) on hydromechanics of the left ventricle has not been
reported. This study evaluated the left ventricular summation of energy loss (EL-SUM), average energy loss
(EL-AVE), and wall shear stress (WSS) before and after HD using vector flow mapping (VFEM) in patients
with end-stage renal disease (ESRD).

Methods: We prospectively recruited 40 patients receiving long-term HD and excluded those with
structural cardiac disease. Echocardiography was performed before and within 24 hours after HD.
Conventional echocardiographic parameters, summation, and average energy loss (EL-SUM, EL-AVE, EL-
base, EL-mid and EL-apex), and WSS in each segment were compared.

Results: A total of 40 patients with uremia were recruited. After HD, left ventricular EL-AVE-total, and EL-
SUM-total decreased significantly in the early diastolic [29.43 (18.76 to 46.28) vs. 17.70 (10.76 to 95.60) N/(m’-s)
and 12 (6 to 17) vs. 5 (3 to 11) ¢ J; P<0.001, respectively], mid-diastolic [17.07 (10.38 to 24.35) vs. 10.29 (5.86
to 16.30) N/(m’-s) and 7 (3 to 10) vs. 4 2 to 6) ¢ J; P<0.001, respectively], and early systolic [17.82 (12.79
to 24.77) v5.14.90 (10.23 to 19.05) N/(m*-s) P=0.011 and 8 (5 to 11) vs. 5 (4 to 8) ¢ J, P=0.002, respectively]
phases. It was revealed that HD did not change EL-AVE-total and EL-SUM-total in the late diastolic and
late systolic phases. The EL-AVE decreased after HD in the left ventricular (LV) basal [50.70 (24.19 to 77.92)
vs. 26.00 (11.50 to 47.68) N/(m”’.s); P<0.001] and mid [15.52 (8.88 to 20.90) vs. 9.47 (6.41 to 14.21) N/(m’-s);
P=0.001] segments during the early diastolic phase; in the LV basal [18.64 (10.33 to 29.80) vs. 10.25 (6.98 to
19.43) N/(m’-s); P<0.001), mid (15.70 (9.93 to 23.08) 5. 9.99 (6.03 to 16.25) N/(m’-s); P<0.001), and apical
[9.78 (4.06 to 15.77) vs. 4.52 (3.14 to 10.36) N/(m’.s); P=0.001) segments during the mid-diastolic phase; in
the LV mid [14.34 (8.34 to 23.88) vs. 9.36 (6.48 to 17.05) N/(m’s); P=0.013] and apex [11.25 (6.37 to 21.88)
vs. 6.60 (5.33 to 12.17) N/(m’-s); P=0.016] segments during the late diastolic phase; and in the apical [10.28
(6.05 to 17.01) vs. 7.59 (3.73 to 13.20) N/(m’.s) P=0.025] segment during the early systolic phase. After HD,
WSS significantly reduced in the mid-diastolic [0.51 (0.32 to 0.69) vs. 0.38 (0.30 to 0.46) Pa, P=0.001] and
early systolic [0.60 (0.45 to 0.81) vs. 0.57 (0.42 to 0.68) Pa, P=0.029] phases. There was no change in WSS
during the early diastolic, late diastolic, and late systolic phases.

Conclusions: After HD, EL and WSS of LV decrease during the systolic and diastolic phases. The VFM
can reflect the LV hemodynamics in patients undergoing HD under different fluid loads.
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Introduction

Uremic cardiomyopathy is a myocardium-involved
complication during the end stage of renal failure,
eventually leading to left ventricular hypertrophy, dilation,
and systolic and diastolic dysfunction (1-4). Multiple factors,
including insufficient hemodialysis (HD), may induce
uremic cardiomyopathy.

Echocardiography is a vital tool to comprehensively
assess the cardiac function of patients with uremia. In
studies on uremic cardiomyopathy, focus has been centered
on ventricular wall movement. For example, Doppler
ultrasound or speckle-tracking imaging (STT) have been
adopted to analyze the left ventricular function and the
underlying mechanisms (5-7). Research on left ventricular
fluid mechanics, however, is scant. Nevertheless, intracardiac
circulation, energy, and fluid mechanics are associated with
ventricular function. Several reliable methods have been
developed to visualize intracardiac flow (8), including cardiac
magnetic resonance (CMR), echocardiographic particle
image velocimetry (echo-PIV), and vector flow mapping
(VFM). Among these methods, VFM is a novel ultrasound
technology, which can easily and non-invasively visualize
cardiovascular blood flow vector (8). Combining color
Doppler ultrasound imaging, STI, and continuity equation,
VEM can display intracardiac laminar flow and turbulence,
thus reflecting the cardiovascular hydromechanics through
stream and vorticity lines. Energy loss (EL) and wall shear
stress (WSS) are two indexes employed by VEM. The
EL represents the consumption of blood flow energy
caused by many fractions of blood in the turbulent flow. It
predicts both the ventricular load in various heart diseases
and the spatial dispersion of the blood flow signal in the
ventricular cavity, and it is known to be an index of fluid
transport efficiency. Left ventricular EL is a new clinical
index of cardiac dysfunction in patients with diabetes (9) and
subclinical cardiac dysfunction in patients with hypertrophic
cardiomyopathy (10). The EL has provided a new direction
for heart research (11,12). The WSS is the stress of the blood
flow near the ventricular wall acting on the endothelial wall.
Measurement of WSS allows quantification and visualization
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of the mechanical stresses in the vascular and ventricular
walls, making it an ideal index to reflect the pathophysiology
of cardiovascular disease on a macroscopic scale. Quantitative
assessment of left ventricular (LV) intraluminal blood flow
from the perspective of EL and WSS provides insight into
LV function. In this study, we used VEM to measure left
ventricular EL and WSS in different phases and segments
during a single HD in uremia patients, thus analyzing the left
ventricular loads before and after HD from the perspective
of hydrodynamics. We present the following article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/qims-
21-1083/rc).

Methods
Participants

A total of 40 patients with end-stage renal disease (ESRD)
receiving conventional HD in the Hemodialysis Unit of
the First Affiliated Hospital of Nanjing Medical University
between January 2018 and January 2019 were prospectively
recruited to this study, as previously described (9). The
inclusion criteria were as follows: (I) ESRD (II) sinus rhythm,
(III) HD for a minimum of 1 month and 2-3 times per
week, and (IV) provision of informed consent. Patients with
acute myocardial infarction, systolic heart failure, primary
cardiomyopathy, obvious valve lesions (more severe than
mild valve stenosis or insufficiency), pulmonary embolism,
acute infection, pericardial disease, or atrial fibrillation
were excluded from the study. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The study was approved by the Institutional Review
Board of Jiangsu Province Hospital, and informed consent
was provided by all individual participants.

Echocardiography

All patients were evaluated with echocardiography twice
(before and within 24 h after HD). The data were self-
controlled before and after a single HD (Figure I).
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Figure 1 A flow diagram showing the inclusion and exclusion criteria for this study. ESRD, end-stage renal disease.

Color Doppler ultrasound was performed using the
Hitachi Aloka Prosound F75 ultrasound machine (Hitachi
Medical Corp., Tokyo, Japan) with a UST-52105 probe and
a 1.0-5.0 MHz frequency. Echocardiography was performed
by an experienced senior physician. Briefly, the patient
was placed in the left lateral position and asked to breathe
calmly. Left ventricular and left atrial volume, Doppler
ultrasound images of blood flow and cardiac tissues, and
two-dimensional (2D) gray scale images in the views across
the left ventricular apical four-chamber, two-chamber, and
longitudinal axis, and in the parasternal basal, middle, and
apical segments of the left ventricle were obtained within
three consecutive cardiac cycles at >50 frames per second.
The left ventricular ejection fraction (LVEF) at the apical
four-chamber and two-chamber longitudinal planes was
measured using the biplane Simpson method. The blood
flow at the tip of the mitral valve leaflets was sampled to
measure the peak flow velocity at the mitral valve orifice
in the early (E wave) and late diastolic phases (A wave). In
addition, the early diastolic velocity at the septal (e’septal)
or lateral mitral valve annulus (¢’lateral), and their average
values (¢’ average) were calculated at the corresponding
sampling locations. Then, E/A and E/e’ were calculated
based on the above indexes.

Blood flow images at the apical long-axis, four-chamber,
and two-chamber were obtained within three consecutive
cardiac cycles at a frame frequency higher than 18 Hz by
VEFM. The image was required to cover the entire left
ventricle. The VEM images were stored in the DICOM file
for off-line analysis.
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EL and WSS measured using VFM

The 2D dynamic color Doppler frames were analyzed using
commercially available VFM analysis software (DAS-RSI,
Hitachi Aloka Medical Ltd., Tokyo, Japan). A clear frame
was frozen to manually trace the endocardial boundary, and
the region of interest (ROI) was determined after the whole
left ventricle had been defined. The 2D frame displayed
quantitative images (e.g., velocity vector, stream line,
vorticity, and vorticity line) and quantitative indexes (e.g.,
circulation, EL, and WSS). Combined with two sample
lines equally dividing the left ventricle, electrocardiogram
findings, valve opening, and time-flow curve, the following
five phases during the cardiac cycle were determined: the
early diastolic phase (T'1), mid-diastolic phase (T2), late
diastolic phase (T3), early systolic phase (T4), and late
systolic phase (T'S) (Figure 2). The summation of energy
loss (EL-SUM) and average energy loss (EL-AVE) in the
ROIs were calculated. The EL-AVE indicated the energy
loss per 1 m”. In addition, EL-AVE in the basal (EL-base),
middle (EL-mid), and apical (EL-apex) segments of the
left ventricle were calculated (Figure 3). The WSS of the
left ventricle at each frame was calculated using DAS-RS1
software (Figure 4). The WSS values at three segments

in each phase were averaged as the overall left ventricular
WSS.

Statistical analysis

Statistical analysis was performed using the software SPSS
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Figure 3 EL of the left ventricle. (A) The summation (EL-SUM) and average EL of the left ventricle (EL-AVE). (B) EL-AVE in the basal
(EL-base), middle (EL-mid), and apical (EL-apex) segments of the left ventricle. EL, energy loss; EL-SUM, summation of energy loss; EL-

AVE, average energy loss.

041/053 B/W Priority

‘ s o]

Figure 4 WSS of the left ventricle. WSS, wall shear stress.
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22.0 (IBM Corp., Armonk, NY, USA).

Continuous variables were expressed as mean = standard
deviation or median (interquartile range) and categorical
data as the percentage or frequency. Continuous normally
distributed data before and after HD were compared using
the Student’s #-test, and the Mann-Whitney U test was
used for abnormally distributed data. P value <0.05 was
considered statistically significant.

Results
Baseline characteristics

A total of 40 uremia patients receiving conventional HD

Quant Imaging Med Surg 2022;12(8):4059-4068 | https://dx.doi.org/10.21037/qims-21-1083
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were recruited to this study, including 27 males and 13
females, with a mean age of 51.0+16.4 years and a HD course
of 4.31+4.18 years. Their baseline characteristics are listed
in Table 1, as reported in our previous study (13). The cause
of ESRD was chronic glomerulonephritis, polycystic kidney,
hypertension, and diabetes mellitus in 40%, 10%, 10%, and
7.5% of patients, respectively, and the remaining participants
reported unknown causes. Systolic blood pressure, diastolic
blood pressure, and body weight were significantly reduced
after HD, compared with those measured before HD,

Table 1 Baseline characteristics of subjects (n=40)

Variables Value
Age (year), mean + standard deviation 51.0+16.4
Gender (male, %) 67.5
Hemodialysis duration (year), mean + standard 4.3+4.2
deviation
Smoking history (%) 10
Body surface area (m?), mean =+ standard deviation ~ 1.7+0.2
Cause of end-stage renal disease
Diabetes mellitus (%) 7.5
Hypertension (%) 10
Chronic glomerulonephritis (%) 40
Polycystic kidney (%) 10
Others or unknown causes (%) 32.5
Medication
ACEI/ARB (%) 18.3
Betaloc (%) 21.7
Calcium channel blocker (%) 40
Statins (%) 1.7

ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers.

Table 2 Clinical data before and after HD (n=40)

although no significant difference was detected in heart rate
(1able 2), as reported in our previous study (13).

Ultrasound parameters of the left ventricle before and
after HD

There was no significant difference in the left ventricular
end-systolic volume (LVESV) before and after HD, but the
left ventricular end-diastolic volume (LVEDYV, 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) were significantly reduced
after HD. The E/A was significantly reduced (0.90+0.27
vs. 0.79+0.23, P<0.001) after HD. The E/e’, which reflects
the left ventricular end-diastolic filling pressure, was
significantly reduced after HD (12.54+4.08 vs. 11.28+4.52,
P=0.049) (Table 3), as reported in our previous study (13).

EL of the left ventricle

The EL-AVE and EL-SUM of the left ventricle before and
after hemodialysis at T1-T5 are listed in Zibles 4,5. Briefly,
EL-SUM and EL-AVE at T1, T2, and T4 after HD were
significantly lower those before HD, although no significant
differences were detected in those at T3 and T'5. In addition,
a significant reduction in EL-AVE at T'1 was observed
mainly in EL-base [50.70 (24.19 to 77.92) vs. 26.00 (11.50 to
47.68) N/(m™s), P<0.001], EL-mid [15.52 (8.88 to 20.90)
vs. 9.47 (6.41 to 14.21) N/(m’s), P=0.001]; in EL-base
[18.64 (10.33 to 29.80) vs. 10.25 (6.98 to 19.43) N/(m’-s),
P<0.001], EL-mid [15.70 (9.93 to 23.08) vs. 9.99 (6.03 to
16.25) N/(m’-s), P<0.001], and EL-apex [9.78 (4.06 to 15.77)
vs. 4.52 (3.14 to 10.36) N/(m’:s), P=0.001] at T2, and in EL-
mid [14.34 (8.34 to 23.88) vs. 9.36 (648 to 17.05) N/(m’s),
P=0.013] and EL-apex [11.25 (6.37 to 21.88) vs. 6.60 (5.33
to 12.17) N/(m’s), P=0.016] at T3. At T4, EL-AVE was
significantly reduced in the EL-apex [10.28 (6.05 to 17.01) vs.
7.59 (3.73 to 13.20) N/(m’-s), P=0.025] (Figure 5).

Variables Before HD, mean + standard deviation After HD, mean + standard deviation P value
Systolic pressure (mmHg) 139.40+14.81 126.09+23.95 0.002**
Diastolic pressure (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
Body weight (kg) 64.56+14.18 61.92+14.05 <0.001***

**P<0.01, **P<0.001 vs. clinical data before hemodialysis. HD, hemodialysis.
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Table 3 Ultrasound parameters of the left ventricle before and after HD
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Variables Before HD, mean + standard deviation After HD, mean + standard deviation P value
LVEDV (mL) 90.18+23.91 84.21+23.54 0.036*
LVESV (mL) 32.84+12.47 32.08+12.47 0.585
LVEF (%) 64.63+6.56 62.84+6.56 0.049*
E/A 0.90+0.27 0.79+0.23 <0.001***
E/e’ 12.54+4.08 11.28+4.52 0.049

*P<0.05, ***P<0.001 vs. clinical data before hemodialysis. HD, hemodialysis; LVESV, left ventricular end-systolic volume; LVEDV, left
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; E wave, the peak flow velocity at the mitral valve orifice in the
early diastole; A wave, the peak flow velocity at the mitral valve orifice in the late diastole; E/e’, the average value of the E wave separately
divided by the peak myocardial velocities at the septal mitral annulus and lateral mitral annulus.

Table 4 Average energy loss of the left ventricle before and after HD

Before hemodialysis [N/(m*-s)],

After hemodialysis [N/(m*s)],

Variables median (interquartile range) median (interquartile range) Pvalue
T 29.43 (18.76-46.28) 17.70 (10.76-95.60) <0.001***
T2 17.07 (10.38-24.35) 10.29 (5.86-16.30) <0.001***
T3 28.77 (15.75-43.92) 23.45 (14.87-35.50) 0.368
T4 17.82 (12.79-24.77) 14.90 (10.23-19.05) 0.011*
T5 12.96 (10.23-20.09) 12.16 (9.65-28.63) 0.265

*P<0.05, **P<0.001 vs. clinical data before hemodialysis. HD, hemodialysis; T1, early-diastolic phase; T2, mid-diastolic phase; T3, late-

diastolic phase; T4, early-systolic phase; T5, late-systolic phase.

Table 5 Summation of energy loss of the left ventricle before and after HD

Before hemodialysis (€7 J),

After hemodialysis (e J),

Variables median (interquartile range) median (interquartile range) P value
T1 12 [6-17] 5 [3-11] <0.001***
T2 7 [3-10] 4 [2-6] <0.001***
T3 11 [7-18] 8 [6-13] 0.094
T4 8 [5-11] 5 [4-8] 0.002**
T5 6 [3-8] 5 [3-8] 0.931

**P<0.01, *™*P<0.001 vs. clinical data before hemodialysis. HD, hemodialysis; T1, early-diastolic phase; T2, mid-diastolic phase; T3,

late-diastolic phase; T4, early-systolic phase; T5, late-systolic phase.

WSS of the left ventricle

Compared with before HD, WSS at T2 [0.51 (0.32 to 0.69)
vs. 0.38 (0.30 to 0.46) Pa, P=0.001] and T4 [0.60 (0.45 to
0.81) vs. 0.57 (0.42 to 0.68) Pa, P=0.029] were significantly
reduced after HD, and the values before and after HD at
T1, T3, and TS were comparable (1able 6).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Discussion

Hemodynamic abnormalities are a vital cause of uremic
cardiomyopathy. Using information extracted from Doppler
signals, VEM can dynamically visualize the cardiac blood
flow. To date, the influence of HD on hydromechanics
of the left ventricle has not been reported. In the present

Quant Imaging Med Surg 2022;12(8):4059-4068 | https://dx.doi.org/10.21037/qims-21-1083



Quantitative Imaging in Medicine and Surgery, Vol 12, No 8 August 2022 4065

T1 T2
100 ~
1 Pre-HD 40 =1 Pre-HD
80 - = Post-HD =1 Post-HD
30 +
@ 60 0
“\‘g ekk og 50 .
> 40 4 5 ok
0 'Ll ﬁ |ﬁ T O T T T
APEX MID BASE APEX MID BASE
T3 T4
80 1 =3 Pre-HD 40 7 =3 Pre-HD
60 4 =3 Post-HD 30 - =3 Post-HD
@ @
E 40 A E 20
> 2 .
20 | % ] [ﬁ ] 10 - ﬁ ﬁ lﬁ
0 T rll T Ill T 0 T T T
APEX MID BASE APEX MID BASE
T5
50 1 =1 Pre-HD
40 - 3 Post-HD
2
e 30
£
Z 20
10
LAm Ff
APEX MID BASE

Figure 5 EL-AVE of the left ventricle in EL-base, El-mid, and EL-apex before and after HD. *P<0.05, **P<0.01, ***P<0.001 vs. clinical data
before hemodialysis. HD, hemodialysis; T1, early-diastolic phase; T2, mid-diastolic phase; T3, late-diastolic phase; T4, early- systolic phase;
TS5, late-systolic phase; Pre-HD, before hemodialysis; Post-HD, after hemodialysis; EL, energy loss; EL-AVE, average energy loss.

Table 6 WSS of the left ventricle before and after HD

Variables Before hemodialysis (Pa) After hemodialysis (Pa) P value
T1 0.45 (0.38-0.57) 0.44 (0.36-0.56) 0.227
T2 0.51 (0.32-0.69) 0.38 (0.30-0.46) 0.001*
T3 0.54+0.22 0.53+0.20 0.676
T4 0.60 (0.45-0.81) 0.57 (0.42-0.68) 0.029*
T5 0.49 (0.36-0.67) 0.47 (0.38-0.60) 0.439

Data were expressed as mean + standard deviation or median (interquartile range). *P<0.05 vs. clinical data before hemodialysis. WSS,
wall shear stress; HD, hemodialysis; T1, early-diastolic phase; T2, mid-diastolic phase; T3, late-diastolic phase; T4, early-systolic phase;
T5, late-systolic phase.
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study, we compared the left ventricular EL and WSS before
and after a single HD in patients with uremia. The results
showed that EL changed evidently during the early- and
mid-diastolic phases and the early systolic phase, but almost
returned to normal during the late diastolic and systolic
phases. Moreover, WSS was reduced during the mid-
diastolic and early systolic phases but remained unchanged
during the early and late diastolic phases and the late
systolic phase.

Ventricular EL is an additional energy loss caused by the
friction of the blood flow in the left ventricle. A previous
study reported left ventricular EL changes in several
pathophysiological conditions (14). For example, EL during
the diastolic and systolic phases is significantly higher in
patients with ESRD than in controls and significantly lower
during the diastolic phase in patients receiving peritoneal
dialysis than that in those who have been prepared for HD.
Moreover, the left ventricular EL during the diastolic and
partial systolic phases is higher in patients with diabetes
mellitus than in controls (15). Ischemic cardiomyopathy, left
ventricular desynchronization, and mitral valve replacement
surgery can deform the left ventricular vortex and increase
left ventricle EL (16-18).

Our findings show that left ventricular EL-AVE and
EL-SUM were reduced during the early diastolic phase in
patients with ESRD after HD. The reason may be that the
left ventricular preload is significantly reduced after HD,
and the decreased blood volume in the left ventricle further
reduces the friction in blood flow vector, thus leading to
EL. Myocardial stunning could be another cause. It has
been reported that HD-induced myocardial stunning causes
hypotension during dialysis in 20-30% of patients (19).
Myocardial stunning impairs systolic function of the left
ventricle. Agati et /. (20) demonstrated that the energy
dissipation index is positively correlated with both LVEF
and global longitudinal strain (GLS) in patients with acute
myocardial infarction with left ventricular dysfunction
assessed by echo particle image velocimetry (Echo-PIV).

Akiyama et al. (21) reported a strong clockwise
vortex under the anterior mitral leaflet and a weak
counterclockwise vortex under the posterior mitral leaflet
during the early diastolic phase in healthy people. The
former gradually increases during the mid-diastolic phase to
occupy the middle and basal segments of the left ventricle,
while the latter gradually disappears. In addition, they found
that the left ventricular EL during the diastolic phase was
positively correlated with the E wave. Vortex momentum
facilitates the ejection flow during the early systolic phase,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

in which the blood flow is accelerated and pumped from the
left ventricular cavity into the left ventricular outflow tract,
forming the peak systolic EL. During the late systolic phase,
vortex momentum disappears, and the blood flow turns to
the left ventricular outflow tract. In our study, EL remained
consistently the highest during the early and mid-diastolic
and the early systolic phases. Our research team showed that
preload influences diastolic function mainly during early
diastole (13). During this phase, most of the extra preload
before HD is transferred into the left ventricle. Therefore,
in the present study, EL during the late diastolic phase
remained unchanged. In addition, the changes in EL before
and after HD were observed mainly in the apex and mid
segments of the left ventricle, which might be associated
with the changes in cardiovascular hydromechanics during a
single HD.

Measurement of WSS is commonly used to assess the
stress of blood flow on the vascular wall (22) but rarely on
the ventricular wall. Ji ez 4l. (23) found that in patients with
hypertrophic cardiomyopathy, the left ventricular WSS
increases during rapid ejection and atrial systole and slightly
decreases during the end of early diastole. Meng et al. (24)
suggested that WSS decreases during the rapid filling
phase of the left ventricle, atrial systolic phase, isovolumic
contraction phase, and rapid ejection phase in patients with
right ventricular septal pacing. In the present study, the left
ventricular WSS significantly decreased during the mid-
diastolic and early systolic phases. The WSS is calculated
as follows: WSS = pu(dv/dy), where u represents the blood
flow viscosity coefficient, and dv/dy represents the shear
rate. According to the above formula, WSS increases with
intraventricular blood flow velocity. As body weight and
fluid load decrease after hemodialysis, the intraventricular
blood flow velocity drops, manifested by the low overall
left ventricle WSS during the mid-diastolic phase and early
systolic phases. We suggest that the left ventricle consumes
more ineffective energy during the mid-diastole phase and
early systolic phases with fluid overload.

Study limitations

Some limitations of this study should be noted. First, it
was a preliminary study with a small sample size, and more
cases are needed to eliminate potential biases. Second,
we only analyzed 2D cardiac blood flow, which, in fact,
is three-dimensional (3D). Therefore, 3D assessment of
cardiac hydrodynamic parameters is needed in the future.
Third, the Nyquist limit of 2D color Doppler imaging
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may influence the assessment of flow dynamic parameters.
When the flow velocity is twice as high compared with the
Nyquist limit, the flow dynamic parameters would not be
accurate. Fourth, in this study we evaluated the changes in
EL and WSS in patients before and after a single dialysis,
and we need further analysis of the clinical implications of
altered EL and WSS during the cardiac cycle in patients
with uremic cardiomyopathy.

Conclusions

The EL and WSS during the partial systolic and diastolic
phases before HD are significantly higher than those after
HD in ESRD patients with cardiac overload. Assessed
by VFM, both indexes are conducive to assess the left
ventricular hydrodynamic state of patients receiving HD

with varying liquid loads.
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