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Abstract
Background: This study investigated the clinical value of the myocardial work technique for the
quantitative analysis of left ventricular (LV) systolic function in maintenance hemodialysis (MHD)
patients with or without left ventricular hypertrophy (LVH).
Methods: A total of 58 MHD patients and 29 normal subjects were registered in this study. The MHD
patients were divided into the non-left ventricular hypertrophy (NLVH) group (n=32) and the LVH group
(n=26) according to the LV myocardial index (LVMI). Automated function imaging was used to analyze
the dynamic images of the LV myocardium obtained in two-, three-, and four-chamber views. The blood
pressure was inputted to generated the LV global longitudinal strain (GLS), myocardial global work index
(GWI), global constructive work (GCW), global wasted work (GWW), global work e ciency (GWE), and
peak strain dispersion (PSD). GLS, PSD, and the MW parameters (GWI, GCW, GWW, GWE) were compared
between groups and the correlations between these parameters and the LV ejection fraction (LVEF) were
examined. The receiver operating characteristic (ROC) curve was used to evaluate the e cacy of MW
parameters and GLS for the assessment of LV systolic dysfunction in MHD patients with LVH.
Results: The LVH group had signi cantly lower GWE, GWI, GCW, and GLS but higher GWW and PSD than
the control and NLVH groups. Compared with the control group, the NLVH group had signi cantly lower
GWE and GLS and higher GWW, but no signi cant differences in GWI, GCW, and PSD were observed
between these two groups. The LVEF was negatively correlated with GWW in MHD patients, but positively
correlated with GWI, GWE, and GCW. Area under the curve (AUC) analysis revealed that in the LVH group,
GWE, GWW, GWI, and GCW had appreciable AUC, sensitivity, and speci city for evaluating LV function in
LVH patients.
Conclusion: MW parameters can be effectively used to evaluate the LV systolic function in MHD patients
with or without LVH.

Background
Maintenance hemodialysis (MHD) is the mainstay of treatment for patients with end-stage renal
dysfunction (ESRD). Long-term and effective hemodialysis reduces sodium retention, corrects water and
electrolyte disorders and acid-base imbalance, decreases the accumulation of toxic metabolites in
various organs, and thus prolongs the survival time of ESRD patients [1]. The mortality rate among MHD
patients with normal left ventricular ejection fraction (LVEF) is still higher than that of the normal
population [2], and the 5-year average survival rate of MHD patients is only approximately 59% [3]. The
high mortality of MHD patients is mainly attributed to cardiovascular diseases that also occur in these
patients [4]. Left ventricular hypertrophy (LVH) is the main cardiovascular disease in MHD patients due to
changes in the workload of the heart [5, 6] and is a strong predictor of cardiovascular morbidity and
mortality in this population [7]. LVH can be compensatory or decompensatory. In the compensatory
phase, cardiac pump function remains normal with increased contraction, whereas in the
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decompensatory phase, the left ventricle (LV) exhibits impaired systolic function [8]. Both of these
conditions are signi cantly associated with increased mortality in MHD patients [9]. Thus, early detection
and diagnosis of LV dysfunction as well as LVH in MHD patients are of great signi cance for the
administration of proper treatments, thus reducing mortality.
Two-dimensional speckle tracking imaging (2D-STI) technology is an effective tool for evaluating LV
systolic function [10]; it can semi-automatically analyze LV myocardial strain, which sensitively re ects
changes in LV function and is an appreciable prognostic indicator of cardiac adverse events. However,
2D-STI is load-dependent, i.e. it cannot explain how load changes affect the LV myocardial strain [11]. For
example, increased afterload may cause lower LV strain, leading to misjudgment of the real LV systolic
function [12]. Myocardial work (MW), which is derived from 2D-STI, combines the LV pressure (derived
from the systolic pressure in the brachial artery) measured using a noninvasive method and the
longitudinal strain data for the LV myocardium to establish the LV pressure-strain loops (PSL) [13]. This
approach can be used to examine the dynamic changes in LV MW when LV becomes deformed due to
overcoming the afterload.
Currently, MW is used in the evaluation of the effects of cardiac resynchronization therapy on
hypertension, primary cardiomyopathy, and coronary heart disease (CHD) [14, 15]. There are few reports
on the use of MW in the evaluation of LV function in MHD patients. This study is aimed at using MW to
examine the dynamic changes in LV myocardial systolic function in MHD patients with or without LVH.
This study provides direct evidence of a new evaluation method for the early diagnosis of myocardial
dysfunction in MHD patients.

Methods

Ethics statement
This study was approved by the Ethics Committee of Changzhou Second People's Hospital a liated with
Nanjing Medical University. The informed consent form was signed by all participants.

Participant selection
A total of 58 MHD patients with ESRD who were treated at the Second People's Hospital of Changzhou
between January 2019 and March 2020 were retrospectively enrolled in this study. The inclusion criteria
were as follows: 1) the primary disease was kidney disease and was diagnosed as ESRD; 2) all patients
had a forearm arteriovenous anastomosis stula and had dialysis thrice a week for 4 hours each time,
which lasted for 6–36 months; and 3) patients did not have the following diseases: heart valve disease,
CHD, congenital heart disease, primary cardiomyopathy, arrhythmia, and pericardial effusion. According
to the LV mass index (LVMI) [16], the 58 patients were divided into two groups: the non-left ventricular
hypertrophy group (NLVH) (n = 32; men: 17, LVMI ≤ 115 g/m2; women: 15, LVMI ≤ 95 g/m2), and the LVH
group (n = 26; men: 14, LVMI > 115 g/m2; women: 12, LVMI > 95 g/m2). Twenty-nine healthy subjects with
matching age and gender who had no history of heart disease, hypertension, abnormal liver and kidney
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function, and diabetes were enrolled in the normal group. All normal subjects had normal physical
indexes, electrocardiograms, and echocardiograms.

Data collection
The demographic and baseline clinical data for all participants were obtained from interviews and the
hospital database.

Conventional echocardiography
All participants underwent conventional two-dimensional Doppler echocardiography (GE Vivid E9). MHD
patients were examined within 30 minutes after hemodialysis and brachial artery blood pressure was
recorded. The following echocardiographic parameters were also recorded: LV internal diameter at end
diastole (LVIDD), LV internal diameter at end systole (LVIDS), interventricular septal diameter (IVSD), LV
posterior wall diameter (LVPWD), and left atrium diameter (LAD). Left ventricular mass (LVM) was
calculated as follows: LVM = 0.8 × 1.04 × [(LVIDD + LVPWD + IVSD) 3 - LVIDD 3] + 0.6, body surface area
(BSA) = 0.0061 × height + 0.0128 × weight − 0.1529. LVM index (LVMI) = LVM / BSA. Images were acquired
for o ine analysis: the subject was connected to the electrocardiogram with an image frame rate of 60–
90 frames per second. The blood ow spectrum for the mitral valve and aortic valve ostium was
collected, and the two-, three-, and four-chamber views during three consecutive cycles were stored on the
hard disk.

Automated function imaging (AFI)
The dynamic images of LV obtained from two-, three-, and four-chamber views as well as the images of
blood stream spectrum from the mitral and aortic valves were imported into GE's o ine cardiac analysis
software (EchoPac PC version 203, GE Healthcare, Horten, Norway). After determining the opening and
closing times of the mitral and aortic valves on the spectrum images, AFI was used to sequentially
delineate the LV endocardial system in the three-, four-, and two-chamber views, and automatically
depicted the LV myocardium as a region of interest (ROI). We then manually adjusted the envelope curve
to match the wall of the chamber. The system automatically provided the longitudinal strain curve for the
entire LV including 17 LV segments, as well as the entire LV longitudinal strain (GLS) and peak strain
dispersion (PSD). The following two-plane LV volume parameters were obtained by pressing the EF
button: LV end diastolic volume (LVEDV), LV end systolic volume (LVESV), and LVEF.
GLS and several MW parameters, namely global work index (GWI), global constructive work (GCW), global
wasted work (GWW), and global work e ciency (GWE), were obtained through the following sequential
steps: 1) clicking the “myocardial work” button, 2) input of brachial artery blood pressure value, and 3)
clicking the “Advanced” button. The system constructed an LV PSL based on the isovolumic contraction,
ejection phase, and isovolumic relaxation phases, de ned by the valve opening and closing times.

Evaluation of intra- and inter-observer variability
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We randomly selected 30 subjects from the control group, the NLVH group, and the LVH group and
compared the differences between two observations made by the same observer after one week. The
differences between two independent observers who were unaware of the patient groupings were also
evaluated. Interclass correlation coe cients (ICCs) were used to evaluate the intra- and inter-observer
variability.

Statistical analysis
SPSS 22.0 (IBM SPSS, Statistics, Chicago, IL, USA) statistical software was used for all statistical
analyses. The measurement data are expressed as mean ± standard deviation (SD), and the count data
are expressed as n (%). Data normality was tested using Kolmogorov-Smirnov's method. The single-factor
analysis of variance was used for the comparison of normally distributed data among three groups, while
the Student–Newman–Keuls (SNK) method was used to compare data between two groups. The KruskalWallis method was used to compare non-normally distributed data. The rates in the general data were
compared using the chi-square test or corrected chi-square test. P < 0.05 was considered statistically
signi cant. For determination of the correlation between LVEF and the MW parameters including GWI,
GWE, GCW, and GWW in MHD patients, Pearson correlation analysis was used for normally distributed
variables, and Spearman correlation analysis was used for non-normally distributed variables. In addition,
GWE, GWI, GCW, GWW, and GLS were de ned as normal in normal subjects and as abnormal in LVH
patients. These measurements were analyzed using the receiver operating characteristic curve (ROC). The
Youden index was used to calculate the most appropriate cutoff for each value and to obtain the
speci city and sensitivity. The criteria for ICCs were: "excellent" if ≥ 0.80, "good" if 0.61–0.79, “moderate”
if 0.41–0.60, and “poor” if ≤ 0.40.

Result

Demographic and baseline clinical characteristics of
participants
We rst compared the demographic and baseline clinical characteristics of participants in the normal,
NLVH, and LVH groups. As shown in Table 1, no signi cant differences were observed with regard to age,
gender, heart rate, and body mass index (BMI) between the groups (all P > 0.05). Further, there were no
signi cant differences in removal volume, dry weight, cause of disease, and medication history between
these three groups. As expected, the NLVH and LVH groups had signi cantly higher systolic blood
pressure (SBP), diastolic blood pressure (DBP), and creatinine levels than the normal group (P < 0.05), but
no signi cant differences in these parameters were observed between the NLVH and LVH groups (P >
0.05). In addition, the LVH group had a signi cantly longer duration of dialysis than the NLVH group (P <
0.05).
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Table 1
Demographic and baseline clinical characteristics of participants
Normal (n =
29)

NLNH (n = 32)

LVH (n = 26)

Pvalue

Age (years)

51.34 ± 8.79

52.22 ± 8.27

52.31 ± 8.33

0.893

Male gender (number)

16 (55.2%)

17 (53.1%)

14 (53.8%)

0.987

Heart rate (beats/min)

70.59 ± 10.43

76.03 ± 8.18

76.19 ± 10.37

0.076

BMI (kg/m2)

22.72 ± 2.23

22.16 ± 2.01

21.77 ± 1.68

0.207

12 ± 3

27 ± 6#

<
0.001

1.88 ± 1.05

2.22 ± 0.90

0.197

Dry weight (kg)

50.87 ± 8.30

52.85 ± 9.38

0.400

SBP (mmHg)

146.97 ± 25.10*

147.96 ± 17.93*

<
0.001

HD time (months)
Remove volume (kg)

120.07 ± 6.27

DBP (mmHg)

69.31 ± 6.53

86.34 ± 11.13*

89.65 ± 10.33*

<
0.001

Creatinine (µmol/L)

64.41 ± 10.25

822.06 ±
190.63*

875.62 ±
200.33*

<
0.001

Glomerulonephritis (cases)

17 (53.1%)

13 (50%)

0.813

Diabetic Nephropathy (cases)

7 (21.9%)

5 (19.2%)

0.805

Hypertensive nephrosclerosis
(cases)

3 (9.3%)

3 (11.5%)

0.788

Polycystic kidney (cases)

3 (9.3%)

2 (7.7%)

0.820

Unknown (case)

2 (6.3%)

3 (11.5%)

0.475

ACEI/ARB (case)

16 (50%)

14 (54%)

0.771

Calcium channel blockers (case)

19 (59%)

17 (65%)

0.639

β-Receptor blockers (case)

13 (41%)

12 (46%)

0.672

Cause of ESRD

Medication

Data are expressed as mean ± SD or number of subjects (%). Bold number: P < 0.05. *P < 0.05, vs
normal. #P < 0.05, vs NLVH. BMI: body mass index; HD: hemodialysis; SBP: systolic blood pressure;
DBP: diastolic blood pressure; ESRD: end-stage renal disease
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Conventional echocardiographic parameters for
participants
We next compared the conventional echocardiographic parameters between these three groups.
Compared with the normal group, the NLVH and LVH groups had signi cantly higher LVIDD, LVIDS, LAD,
LVEDV, and LVESV (P < 0.05), but there were no signi cant differences in these parameters between the
NLVH and LVH groups (P > 0.05). Further, the LVH group had signi cantly thicker IVSD and LVPWD than
the normal and NLVH groups (P < 0.05), but there were no signi cant differences in these two parameters
between the normal and NLVH groups (P > 0.05). In addition, the LVH group had a signi cantly lower
LVEF than the normal group (P < 0.05) (Table 2), indicating impaired cardiac function in LVH patients.
Table 2
Conventional echocardiographic parameters for participants
Normal

NLVH

LVH

P-value

LVIDD (mm)

46.00 ± 3.45

50.69 ± 5.53*

52.96 ± 6.13*

< 0.001

LVIDS (mm)

31.01 ± 2.93

35.28 ± 4.62*

37.35 ± 5.11*

< 0.001

IVSD (mm)

8.83 ± 1.49

8.97 ± 1.36

11.77 ± 1.34*#

< 0.001

LVPWD (mm)

9.07 ± 1.58

9.16 ± 1.63

11.54 ± 1.33*#

< 0.001

LAD (mm)

34.66 ± 2.97

40.47 ± 5.33*

42.96 ± 5.55*

< 0.001

LVEDV (ml)

69.17 ± 11.39

94.78 ± 34.02*

106.77 ± 34.77*

< 0.001

LVESV (ml)

29.14 ± 6.21

44.28 ± 20.31*

57.54 ± 26.21*

< 0.001

LVEF (%)

58.10 ± 3.59

54.56 ± 8.57

51.65 ± 8.98*

< 0.001

Data are expressed as mean ± SD. Bold number: P < 0.05. *P < 0.05, vs normal. #P < 0.05, vs NLVH.
LVIDD left ventricular internal diameter at end-diastole; LVIDS left ventricular internal diameter at endsystole; IVSD interventricular septal diameter; LVPWD left ventricular posterior wall diameter; LAD left
atrial diameter; LVEDV left ventricular end-diastolic volume; LVESV left ventricular end-systolic
volume; LVEF left ventricular ejection fraction

Comparison of MW and strain parameters of participants
The NLVH and LVH groups had lower GWE and GLS but higher GWW than the normal group (P < 0.05).
The LVH group had lower GWE and GLS but higher GWW and PSD than the NLVH group (P < 0.05). In
addition, the LVH group had signi cantly lower GWI and GCW than both the normal and NLVH groups (P
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< 0.01), and had higher PSD than the normal group. However, the normal and NLVH groups had
comparable GWI, GCW, and PSD (P > 0.05) (Table 3, Fig. 1).
Table 3
MW and strain parameters for participants
Normal

NLVH

LVH

P-value

GWE (%)

96.17 ± 1.51

90.75 ± 4.37*

86.65 ± 5.19*#

< 0.001

GWI (mmHg%)

2129.79 ± 237.48

2165.84 ± 335.29

1787.85 ± 318.19*#

< 0.001

GCW (mmHg%)

2230.14 ± 260.02

2302.06 ± 355.19

1972.65 ± 305.86*#

< 0.001

GWW (mmHg%)

76.66 ± 33.67

198.91 ± 98.75*

253.46 ± 104.07*#

< 0.001

GLS (%)

-20.74 ± 1.88

-16.89 ± 2.79*

-14.32 ± 3.13*#

< 0.001

PSD

41.17 ± 9.98

60.41 ± 21.99

74.27 ± 18.85*#

< 0.001

Data are expressed as mean ± SD. Bold number: P < 0.05. *P < 0.05, vs Normal. #P < 0.05, vs NLVH.
GWE: global work e ciency; GWI: global work index; GCW: global constructive work; GWW: global
wasted work; GLS: global longitudinal strain; PSD: peak strain dispersion

Correlation between MW parameters and LVEF in MHD
patients
We performed correlation analyses between the MW parameters and LVEF; the latter is a widely used
indicator of cardiac function [17]. We found that LVEF was positively correlated with GWI, GWE, and GCW
(r = 0.459, 0.433, 0.386; all P < 0.05), but negatively correlated with GWW (r = 0.329, P = 0.012) (Fig. 2).

Determination of the cutoff values, sensitivity, and
speci city of MW parameters and GLS for identifying LV
function in LVH
We next used AUC curves to determine the sensitivity and speci city of MW parameters and GLS for
identifying LV function in LVH patients. GWE, GWW, and GLS had AUCs of 0.975, 0.965, and 0.963,
respectively (Fig. 3a, b, c), with respective cutoff values of 94%, 123 mmHg%, and − 18.44%. GWE had
higher sensitivity than GLS and GWW (96.2% vs. 92.3% and 88.5%). In addition, GWW has higher
speci city than GLS and GWE (96.6% vs. 93.1% and 89.7%). The AUCs for GWI (Fig. 3d) and GCW
(Fig. 3e) were 0.797 and 0.737, respectively, both of which were lower than the AUCs for GWE, GWW, and
GLS.
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Intra- and inter-observer variability
We also examined the intra- and inter-observer variability in this study. The intra-observer differences in
the ICC values of GLS, PSD, LVEF, GWI, GCW, GWW, and GWE were 0.94, 0.93, 0.84, 0.86, 0.88, 0.96, and
0.88, respectively. The differences in the ICC values for these parameters between the observers were
0.93, 0.82, 0.79, 0.91, 0.89, 0.93, and 0.82, respectively. The ICC value and 95% con dence interval for
each parameter are shown in Table 4. Our results suggested that our study generated reliable and
consistent observations.
Table 4
Intra- and inter-observer variability
Intra-observer

Inter-observer

ICC

95%CI

ICC

95%CI

GLS

0.94

0.89–0.97

0.93

0.85–0.96

PSD

0.93

0.86–0.97

0.82

0.66–0.91

LVEF

0.84

0.69–0.92

0.79

0.61–0.89

GWI

0.86

0.74–0.94

0.91

0.82–0.95

GCW

0.88

0.76–0.94

0.89

0.79–0.95

GWW

0.96

0.91–0.98

0.93

0.86–0.97

GWE

0.88

0.77–0.94

0.82

0.65–0.91

ICC: intra-class correlation coe cients; 95% CI: 95% con dence interval; GLS: global longitudinal
strain; PSD: peak strain dispersion; LVEF: left ventricular ejection fraction; GWI: global work index;
GCW: global constructive work; GWW: global wasted work; GWE: global work e ciency

Discussion
In the present study, we examined the feasibility of MW parameters for evaluating the LV function in MHD
patients with or without LVH and found that GWI, GCW, GWW, and GWE had appreciable AUC, speci city,
and sensitivity in the LVH group. Therefore, we believe that these MW parameters may be reliably used to
accurately evaluate the LV function in MHD patients, thus providing a prediction for the development and
progression of LVH in these patients.
In this study, we rst analyzed the conventional echocardiographic parameters for participants in the
three groups and found that although the LVEF of patients in the LVH group was signi cantly lower than
that in the normal group, the NLVH and normal groups had comparable LVEF. Further, the NLVH and LVH
groups had signi cantly higher LVIDD, LVIDS, LAD, LVEDV, and LVESV than the normal group, indicating
that the MHD patients underwent LV remodeling, a structural basis for LV dysfunction [18, 19]. A previous
study showed that there was no signi cant difference in LV diameter and wall thickness between nonPage 9/19

hemodialysis and hemodialysis patients [20], indicating that hemodialysis does not signi cantly improve
LV remodeling and cardiac contractile function in patients. On the contrary, with the prolongation of
dialysis time and the aggravation of LV remodeling, the LV systolic function in MHD patients will be
further impaired. The main feature of LV lesions in MHD patients is the progression of the compensatory
phase of LVH to the decompensatory phase, because these patients have long-term pressure overload,
including chronic hypertension, anemia, secondary hyperparathyroidism, and arteriovenous stula[21,
22].
Our further analysis revealed that LVH and NLVH patients had signi cantly lower GLS than the normal
subjects. Moreover, with the increase in the LV thickness and prolongation of the dialysis time, the GLS
decreased signi cantly, which was accompanied by a decrease in the LV systolic function, as evidenced
by the lower GLS in LVH patients than in NLVH patients. These ndings were in line with our previous
report [23]. GLS is usually obtained from 2D-STI technology, which quantitatively measures the
mechanical parameters for LV function [24, 25]. GLS is considered to be a better indicator than EF and is
widely used in clinics to assess LV function[26]. However, some scholars recently suggested that strain
measurements are susceptible to load, which in turn affects the accurate assessment of myocardial
function [27]. Therefore, it is important to use effective screening methods to verify the GLS.
Recently, the MW parameters derived from PSL have been used to determine LV function and shown to
have a good agreement between the noninvasively measured PSL and the invasively directly measured
PSL [28]. In this study, we examined the possibility of using MW parameters to assess LV function in
MHD patients. We found that the LVH group had signi cantly lower GLS, GWI, GCW, and GWE but higher
GWW than the normal and NLVH groups. LVH patients have pathological cardiac changes including
disordered arrangement of myocardial bers and increased myocardial interstitial brosis due to damage
to myocardial cells [29]. In addition, LVH reduces the density of myocardial microcirculation and
myocardial blood supply [30], resulting in decreased GWI and GCW. Early studies have shown that GWI
has a strong correlation with myocardial glucose metabolism, basically re ecting the local myocardial
oxygen consumption [31, 32]. Galli et al. found that patients with ischemic or dilated cardiomyopathy had
increased GWI and GCW after cardiac resynchronization therapy [33, 34]. Thus, GWI and GCW can be
used as indicators of myocardial survival. It is noteworthy that GCW is also the main predictor of LV
brosis [35].
In LVH patients, the LV myocardium is signi cantly damaged by the accumulated metabolites and
increased myocardial brosis, resulting in the impairment of LV systolic function. In the normal heart, all
myocardial segments contract in a synchronized manner, but MHD patients with LVH and myocardial
brosis have altered electrophysiological characteristics in the myocardium, which causes myocardial
excitation-contraction uncoupling [36]. Thus, the LV contraction is not synchronized in MHD patients with
LVH, as re ected by the increased PSD. Hence, some LV segments elongate during contraction,
signi cantly wasting MW, which is re ected by increased GWW. The decrease in GWE probably derived
from increased GWW and decreased GCW in LVH patients, indicating that LVH in MHD patients can cause
a signi cant reduction in LV systolic function.
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The NLVH group had comparable GWI and GCW as the normal group, but higher GWI and GCW than the
LVH group. Since the degree of LV myocardial impairment in the NLVH patients was smaller than that in
the LVH patients, LV remodeling and brosis were not as severe as those in the LVH patients. Thus, it is
understandable that NLVH patients had higher GWI and GCW than the LVH patients. MHD patients
usually have poorly controlled hypertension [37]. In order to counteract the increased afterload during
contraction [14], the heart pump function is compensated by shifting to a higher energy level [38], which
is evidenced by higher GWI and GCW. This also suggests that the LV myocardium was not signi cantly
impaired in NLVH patients and that LVEF was maintained at a normal level by enhanced myocardial
contractility. However, if the high GWI persists and exceeds the compensatory capacity of the
myocardium, LV remodeling and dysfunction will occur [39]. In addition, the NLVH group had higher GWW
but lower GWE than the normal group, with no signi cant difference in the LV PSD between the groups.
This suggests that the GWW of the LV begins to increase while the LV thickness and synchronicity are
still within the normal range in MHD patients. However, due to a slight increase in GCW, GWE decreased
slightly. In other words, MW increased in the NLVH patients to maintain the contractile function at a
normal level, but myocardial ineffective work also increased, which can potentially lead to impaired
myocardial systolic function.
LVEF is the most commonly used evaluator for LV systolic function in the clinic [40]. In the present study,
we found that LVEF was positively correlated with GWI, GCW, and GWE, and negatively correlated with
GWW. LV segments of the normal heart contract synchronously, and the MW generated by the
myocardium to overcome the afterload can be quanti ed using GWI and GCW, both of which have a
positive effect on LV ejection [34]. However, when GWW is at a low level, GWE should be close to 100%
[41]. As the degree of myocardial injury increases in MHD patients, the decrease in LV systolic function is
accompanied by an increase in GWW and a decrease in GWI, GCW, and GWE. MW can thus be used to
quantitatively analyze the degree of LV injury in MHD patients, thus serving as a new sensitive indicator.
Our further analysis of the GLS and MW parameters for LVH patients revealed that the AUCs of GWE,
GWW, and GLS were signi cantly higher than that of GWI and GCW. This observation was different from
that in a previous study [42], in which the AUCs of GWI and GCW in CHD patients were higher than those
of GLS, GWE, and GWW. This discrepancy may be explained by the different mechanisms underlying CHD
and LVH in MHD patients. CHD is caused by the reduction or interruption of blood supply in the coronary
arteries, leading to ischemia and necrosis of myocardial cells and early development of myocardial
dysfunction [43]. This directly leads to a reduction in GWI and GCW. On the contrary, the damage from
hemodialysis to the heart muscles is independent of the existence of coronary atherosclerosis [44].
Instead, the cardiac muscle damage in MHD patients is caused by the rapid changes in load [45], and the
LV systolic function will only be signi cantly weakened during the decompensation period. Therefore, the
test e cacy of GWI and GCW in MHD patients is relatively low. On the other hand, we found that the
AUCs of GWE and GWW were higher than that of GLS. In addition, one of the main limitations of GLS is
its load-dependence, and the increase in afterload can reduce the wall tension, leading to a
misinterpretation of the true contractile function of the myocardium [42, 46]. However, for MW
measurement, the non-invasive PSL integrates the afterload into the LV strain parameters, and thus MW
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is an optimization of the strain values [47]. Hence, the conclusions obtained from using non-invasive PSL
are more comprehensive and objective.

Limitations
The limitations of this study should be noted. First, this study only evaluated the global LV MW in MHD
patients and the LV 17-segment MW parameters were not investigated. Second, MW technology mainly
presents the effect of afterload on LV strain. The effect of pre-load on LV strain in MHD patients needs to
be further investigated in the future. Third, this study was a single-center study with a small sample size.
Thus, our conclusions should be corroborated in future studies performed in multiple centers with large
cohorts.

Conclusions
We report here that the MW technique is an optimized 2D-STI technique and that the MW parameters,
GWI, GCW, GWW, and GWE, can be used to assess LV function in MHD patients with or without LVH.
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Figures

Figure 1
Comparison of left ventricular PSL and myocardial work parameters in normal, NLVH, and LVH groups.
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Figure 2
Analysis of correlation of the MW parameters GWI (a), GWE (b), GCW (c), and GWW (d) with LVEF in MHD
patients
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Figure 3
ROC curve analysis to evaluate the sensitivity and speci city of GWE (a), GWW (b), GLS (c), GWI (d) and
GCW (e) for identifying LV dysfunction in LVH patients.
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