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Abstract

Background Left ventricular (LV) myocardial work index (WI) and work efficiency (WE) have become the latest indi-
cators for assessing LV function. Reference ranges for normal LV segmental Wl and WE have not been established.

Methods Four hundred eleven healthy Asian subjects (47% men, median age: 35 years) were enrolled prospectively.
WIand WE were analysed using the LV pressure—strain loop (LVPSL) with specific software.

Results WI and WE differed significantly between segments as well as between walls and levels of the left ventricle.
The anteroseptal basal segment had the lowest Wl and WE (1440 mmHg 4324 and 92% [88-96], respectively) among
the eighteen segments. Significant Wl and WE differences were found between sexes and age groups. No correlation
was observed between age groups and the average WI of any wall or level in men, while the average WI of several
different walls and levels in women showed significant differences between age groups. The average WI of most walls
and levels increased with age in women. No correlation was found between age groups and the average WE of any
wall or level in either men or women.

Conclusions This study establishes the normal reference values of Wl and WE of eighteen segments for clinical work
and clinical experiments. There were significant differences in Wl and WE between segments, levels, and walls of the
normal left ventricle. Sex should be considered when analysing WI and WE. Age should be considered when analysing
WI'in women.
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Graphical Abstract

Healthy Asian subjects (n=411)

Measuring the left ventricular myocardial
work by the pressure—strain loop
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Normal myocardial work index and work efficiency values
could be used as a reference for a variety of diseases
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Background

Noninvasive left ventricular (LV) myocardial work
(LVMW) is a novel and reliable indicator for assess-
ing LV systolic function and has been used in several
experimental and clinical works [1-7]. Noninvasive
LVMW is obtained by integrating the LV longitudinal
strain (LS), mitral and aortic valvular events, and bra-
chial artery pressures using specific software. Normal
reference values of global W1 and global WE were ana-
lysed previously; however, normal reference values of
different segmental WI and WE have not been stud-
ied. A previous study confirmed that there are signifi-
cant differences in the LS of different LV segments in a
healthy population [8]. Noninvasive myocardial work is

derived based on LS; theoretically, there could be dif-
ferences in the myocardial work of each segment of the
left ventricle in healthy subjects.

The study aimed to 1) establish normal reference values
for WI and WE of different segments in a healthy Asian
population; 2) explore the differences in WI and WE of
different segments; and 3) explore the implications of sex
and age on WIand WE.

Methods
Population
A total of 452 healthy Asian subjects (age range,
18-65 years) were prospectively recruited from Xiamen
Cardiovascular Hospital of Xiamen University between
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April 2021 and July 2021. The recruited population
included hospital staff, people who came to this hospital
for medical check-ups and their families, and people who
came here for training or visits. The inclusion criteria
of this study were as follows: age > 18 years, body mass
index <30 kg/m? normal physical examination results,
normal electrocardiogram results, normal two-dimen-
sional echocardiography (2DE) results, and absence of
cardiovascular or respiratory diseases. The Institutional
Ethics Committee approved the protocol, and all subjects
provided informed consent.

Echocardiographic data acquisition

2DE and four-dimensional echocardiography (4DE) LV
images were performed with a Vivid E95 system (GE
Vingmed Ultrasound, Horten, Norway) with an M5Sc
probe and a 4Vc probe, respectively. All datasets were
acquired using electrocardiogram gating over three to
five cardiac cycles following the protocols [9, 10]. Data
were stored digitally for offline analysis.

Echocardiographic measurements

Standard measurements were performed using soft-
ware (EchoPAC V.204, GE) in accordance with the
guidelines [10].

Quantitative parameters of the left ventricle and left
atrium were analysed using 4DE images by the 4D Auto
LVQ software package and 4D Auto LAQ software pack-
age, respectively; LV end-diastolic volume, LV end-sys-
tolic volume, LV ejection fraction, and maximum and
minimum volumes of the left atrium were automatically
obtained. The transmitral E- and A-wave velocities were
obtained by pulse-wave Doppler from the apical four-
chamber view. The early diastolic velocities (e’) were
measured by pulse-wave tissue Doppler from the api-
cal four-chamber view. LV LS was acquired using three
standard LV apical views with a frame rate > 60 frames/s.

LVMW was measured by an LV pressure—strain loop
(LVPSL). The mitral and aortic valve event timings were
determined by visualization of the apical three-chamber
views. LVPSL was generated by integrating the LV LS,
valve event timings, and blood pressure readings using
the software. The validation of LVMW was performed in
several studies [1, 11, 12].

Four LVMW indices were obtained by LVPSL:

(i) Work index (WI): the LVMW derived from the

area of LVPSL.

(ii) Constructive work (CW): positive work during

shortening in systole and work during lengthening
during isovolumic relaxation (IVR).
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(ili) Wasted work (WW): negative work during length-
ening in systole and work during shortening during
IVR.

(iv) Work efficiency (WE): CW/(CW +WW).

WI and WE were calculated for each LV segment in
the software (according to the 18-segment model) [13]
(Fig. 1).

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 26 (SPSS Inc., IBM Corp). P<0.05 was consid-
ered significant. All data normality was tested by the
Kolmogorov—Smirnov test. Data are expressed as the
mean *standard deviation (SD) or median (interquar-
tile range) as appropriate. The 95% confidence interval
for WI was calculated as the mean+1.96 SD. The lowest
(2.5th percentile) expected values for WE were computed
using a bootstrap of 1000 samples.

Unpaired ¢ tests or one-way ANOVA were used to
compare normally distributed data. The Mann—-Whit-
ney U test or Kruskal-Wallis test was used to compare
nonnormally distributed data. Correlations between vari-
ables were assessed using Spearman correlations.

The intra- and inter-observer variabilities of WI and
WE were tested in twenty random individuals using the
intraclass correlation coefficients and Bland—Altman
analysis. The intra-observer analysis was performed after
a 2-week interval. The inter-observer analysis was per-
formed by a second independent blinded observer.

Results

Clinical and echocardiographic characteristics

Forty-one individuals were excluded because of poor
image qualities of 2DE or 4DE images. Thus, the feasi-
bility of LVMW measurement was 90.9% in this study.
Table 1 summarizes the demographic and echocardio-
graphic data of the enrolled population. LV global LS
(LV GLS), LV global WI, LV global CW, and LV global
WE were higher in women than in men (£<0.001),
while LV global WW was lower in women than in men
(P=0.005).

Functional nonuniformity

Table 2 and Table 3 summarize the WI and WE of different
segments, levels, and walls of the population. Figure 2 dis-
plays the mean values of W1 and the median values of WE
for the 18 segments. Functional nonuniformity was found
for all Wls and WEs in the normal left ventricle. WI and
WE differed significantly between different segments, as
well as different walls and levels of the left ventricle.
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Fig. 1 A Noninvasive left ventricular pressure—strain loop diagram of a normal subject. The red and green loop areas represent the average global
myocardial work index and the represented myocardial work index of the posterior apical segment, respectively. B 18-segment bull's-eye expression
of myocardial work index. C Bar graph representing constructive work and wasted work. D 18-segment bull's-eye expression of myocardial work

efficiency

Normal reference values
The values of WI and WE are summarized in Table 4 and
Table 5.

Except for the anteroseptal apical W1, inferior apical
WI, and posterior apical WI, all WIs of different seg-
ments were lower in men than in women. Similarly,
the average W1 was significantly lower in men than in
women between different levels as well as different walls.

WE was significantly different between sexes in some
LV segments. Except for the average values of the inferior
and anterior walls of WE, all average values of walls and
levels of WE were higher in men than in women.

Sex and age differences

Table 6, Supplement Fig. 1, and Supplement Fig. 2 show
the sex and age differences in W1I. Except for the sep-
tal middle W1 increasing with age (R*=0.03, P=0.017)
and the inferior basal W1 decreasing with age (R*>=0.05,
P=0.001), there was no significant correlation between

age and W1 of the eighteen segments or the average W1
of the varying walls and levels in men. However, eight of
the eighteen segments’ W1 increased with age in women.
Moreover, except for the average WI of the septal and
posterior walls, which showed no correlation with age, all
average Wls of different walls and levels increased with
age in women. There was no correlation between age
groups and average W1 of the different walls or levels in
men; nevertheless, most of the average W1I of different
walls and levels in women showed significant differences
between age groups. In Supplement Fig. 1 and Supple-
ment Fig. 2, the sex differences in the WI of some seg-
ments, levels, and walls in the different age subgroups are
shown.

Table 7, Supplement Fig. 3, and Supplement Fig. 4 show
the sex and age differences in WE. Except for the poste-
rior middle WE and posterior apical WE decreasing with
age (R*=0.02, P=0.036 and R*>=0.02, P=0.034, respec-
tively) in men and the posterior basal WE increasing with
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Table 1 Clinical and echocardiographic characteristics of the study population

Parameters Total (n=411), Men (n=195) Women (n=216) P-value*
Age (years) 35 (29-45) 34 (28-43) 37 (29-46) 0.056
Height (cm) 164 (159-171) 171 (168-176) 159 (156-163) <0.001
Weight (kg) 62 (54-70) 69 (64-75) 54 (50-60) <0.001
BMI (kg/mz) 22.6 (20.6-24.8) 23.5(22.0-254) 21.6(19.8-23.9) <0.001
BSA (m?) 1.67 (1.54-1.80) 1.80 (1.74-1.89) 1.56 (1.48-1.63) <0.001
SBP (mmHg) 119 (110-128) 123 (116-130) 114 (105-125) <0.001
DBP (mmHg) 72 (65-78) 73 (67-78) 71 (63-77) 0.011
Heart rate (bpm) 68 (62-73) 65 (61-73) 69 (63-73) 0.012
LV EDV (ml) 94 (88-105) 104 (97-110) 89 (84-93) <0.001
LV ESV (ml) 33(29-38) 38 (34-42) 30(27-33) <0.001
LV EF (%) 65 (63-68) 64 (61-66) 66 (64-68) <0.001
E wave (m/s) 0.78 (0.69-0.92) 0.74 (0.64-0.84) 0.84 (0.74-0.95) <0.001
A wave (m/s) 0.55 (0.46-0.65) 0.53 (0.44-0.63) 0.56 (0.47-0.66) 0.013
Transmitral E/A ratio 14(1.2-1.8) 14(1.16-1.73) 1.6(1.2-1.8) 0.024
Septal €' wave (m/s) 11 (10-13) 11 (10-13) 11 (10-13) 0.997
Lateral e’ wave (m/s) 14 (13-17) 14 (12-17) 15(13-17) 0.388
E/e'ratio 6.1(5.1-7.2) 5.7 (49-6.8) 6.5 (5.6-7.6) <0.001
LA max (ml) 40 (36-45) 43 (40-47) 37 (34-41) <0.001
LA min (ml) 19 (17-22) 21(19-23) 18 (16-21) <0.001
LV GLS (%) -19.6 (-21.1--18.1) -183 (-19.6--174) -20.7 (-21.8--19.5) <0.001
LV global WI (mmHg%) 1749+ 231 1676211 18144228 <0.001
LV global CW (mmHg%) 2019+ 265 1946 £ 224 2085+ 283 <0.001
LV global WW (mmHg%) 79 (56-105) 81 (63-108) 74 (52-99) 0.005
LV global WE (%) 96 (94-97) 95 (94-96) 96 (95-97) <0.001

Data are displayed as mean = SD or median (interquartile range), appropriately. BMI body mass index, BSA body surface area, CW constructive work, DBP diastolic
blood pressure, EDV end-diastolic volume, EF ejection fraction, ESV end-systolic volume, GLS global longitudinal strain, LA left atrium, LV left ventricular, SBP systolic
blood pressure, WE work efficiency, Wl work index, WW wasted work. *P-value refers to sex differences

Table 2 Comparisions of normal values of segmental work index

All levels Basal

All walls’"WI (mmHg%) - 1694 (1387-2007)

Anteroseptal WI (mmHg%) 1688 +£396 1440 4324°
Septal WI (mmHg%) 1808+432 1519+ 341

Inferior WI (mmHg%) 1894 +428 1807 438

Posterior WI (mmHg%) 1803 409 19844374
Lateral WI (mmHg%) 1726 +£430 1865+ 396

Anterior WI (mmHg%) 15734389 16304399

p-value (walls) <0.001 <0.001

Middle Apical P-value (levels)
1689 (1427-1952) 1870 (1531-2179)%8 <0.001
177543431 1848 +3914§ <0.001

1780+ 339t 2126+378%8§ <0.001

1791 £371 2082 +410%§ <0.001

1630+ 363t 1796 £4104§ <0.001
15994401+ 1715444948 <0.001

1536 £373t 15524387+ 0.001

<0.001 <0.001 -

Data are displayed as mean = SD or median (interquartile range), appropriately. tP-value <0.05 between basal level and middle level. #P-value <0.05 between basal
level and apical level. §P-value < 0.05 between middle level and apical level. *Anteroseptal basal Wl was significantly lower than any other segmental WI

age (R>=0.05, P=0.001) and the posterior apical WE
decreasing with age (R*=0.07, P<0.001) in women, there
was no correlation between age and WE of the differ-
ent segments or the average WE of the varying walls and
levels in either men or women. There was no correlation

between age groups and average WE of the varying walls
and levels in either men or women. In Supplement Fig. 3
and Supplement Fig. 4, WE for only a few of the different
segments, levels, and walls in the different age subgroups
showed sex differences.
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Table 3 Comparisions of normal values of segmental work efficiency

All levels Basal Middle Apical P-value (levels)

All walls’"WE (%) - 95 (92-98) 7 (94-99)t 8 (95-99)+§ <0.001
Anteroseptal WE (%) 6 (93-99) 92 (88-96)° 8 (95-99)t 8 (96-99)F <0.001
Septal WE (%) 7 (94-99) 95 (91-98) 6 (93-98)t 8 (97-99)$§ <0.001
Inferior WE (%) 97 (94-98) 96 (94-98) 96 (94-98) 98 (95-99)%§ <0.001
Posterior WE (%) 6 (93-98) 95 (92-97) 7 (93-99)t 7 (94-99)+§ <0.001
Lateral WE (%) 7 (95-99) 96 (94-98) 7 (95-99)t 8 (95-99)F <0.001
Anterior WE (%) 7 (93-98) 96 (92-98) 97 (94-99)+ 7 (94-99)% <0.001
p-value (walls) <0.001 <0.001 <0.001 <0.001 -

Data are displayed as median (interquartile range). tP-value < 0.05 between basal level and middle level. +P-value < 0.05 between basal level and apical level.
§P-value <0.05 between middle level and apical level. *Anteroseptal basal WE was significantly lower than any other segmental WE
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Fig. 2 A 18-segment bull's-eye diagram shows the functional nonuniformity of the myocardial work index in the normal left ventricle. The values in
the different segments are mean values. B 18-segment bull's-eye diagram shows the functional nonuniformity of myocardial work efficiency in the

normal left ventricle. The values in the different segments are median values

Repeatability and reproducibility

Intra- and inter-observer variabilities for WI and WE
of the eighteen segments are summarized in Supple-
ment Table 1, Supplement Fig. 5, Supplement Fig. 6,
Supplement Fig. 7, and Supplement Fig. 8. Good intra-
observer and inter-observer reproducibility were found.

Discussion

This study is the first to use echocardiography to ana-
lyse 18-segment myocardial WI and WE of noninvasive
LVMW. The LVMW, derived from the LVPSL, was first
derived by Russell et al. [1] as a novel method to assess
LV function. The study showed that LV myocardial
glucose metabolism (calculated by positron emission

tomography) has a strong correlation with noninvasive
LVMW. Recently, Edwards et al. [11] revealed that in
patients with normal wall motion and ejection fraction,
noninvasive LVMW was more sensitive than global LS
to detect significant coronary artery disease. These stud-
ies revealed that afterload-enrolled noninvasive LVMW
could be a reliable method to evaluate LV function.
Multiple studies have already concluded normal
LVMW by echocardiography; nevertheless, they only
evaluated global myocardial work [14—-16]. In our study,
the LV GLS was higher in women than in men, which
parallels the results from other studies [8, 17]. The LV
global W1 and LV global CW were higher in women than
in men; a possible reason could be that the LV global W1
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Table 4 Parameters of left ventricular segmental Wl according to sex
Men, mean+SD Men, 95% CI Women, mean +SD Women, 95% Cl P-value*
Anteroseptal WI (mmHg%)
Basal 13784313 765-1991 1497 +325 807-2187 <0.001
Middle 17164332 1065-2367 1828 £346 1150-2506 0.001
Apical 1857 4395 1083-2631 18414389 1079-2603 0677
Septal WI (mmHg%)
Basal 1446 +327 805-2087 1586 4341 918-2254 <0.001
Middle 1694 4343 1022-2366 18594316 1240-2478 <0.001
Apical 2063 £359 1359-2767 2182£386 1039-3325 0.001
Inferior WI (mmHg%)
Basal 17231424 892-2554 1883 4+438 1025-2741 <0.001
Middle 17424377 1003-2481 18354360 1129-2541 0.011
Apical 2047 £403 1257-2837 2114 +£414 889-3339 0.100
Posterior WI (mmHg%)
Basal 19104384 1157-2663 2050+ 352 1360-2740 <0.001
Middle 1510335 853-2167 17394354 1045-2433 <0.001
Apical 1757 £385 1002-2512 18304+429 989-2671 0.069
Lateral WI (mmHg%)
Basal 1738 +366 1021-2455 19794388 1289-2669 <0.001
Middle 14544379 711-2197 17304375 995-2465 <0.001
Apical 1628 +430 785-2471 1794 +452 908-2680 <0.001
Anterior WI (mmHg%)
Basal 15754376 838-2312 1681+414 870-2492 0.007
Middle 14614355 765-2157 16064377 867-2345 <0.001
Apical 14734+370 748-2198 16234389 861-2385 <0.001
Average WI of the anteroseptal wall (mmHg%) 1650+ 242 1176-2124 1722 +253 1226-2218 0.004
Average WI of the septal wall (mmHg%) 1734+ 271 1203-2265 1876276 1335-2417 <0.001
Average WI of the inferior wall (mmHg%) 18384311 1228-2448 19444323 1311-2577 0.001
Average WI of the posterior wall (mmHg%) 1726 +£268 1201-2251 1873+286 1312-2434 <0.001
Average WI of the lateral wall (mmHg%) 1607 299 1021-2193 18341307 1232-2436 <0.001
Average WI of the anterior wall (mmHg%) 1503 £ 269 976-2030 1636+ 294 1060-2212 <0.001
Average WI of the basal level (mmHg%) 1628 +237 1163-2093 17794249 1291-2267 <0.001
Average WI of the middle level (mmHg%) 1596 4246 1114-2078 1766+ 253 1270-2262 <0.001
Average WI of the apical level (mmHg%) 1804 £ 267 1281-2327 1897 £290 1329-2465 0.001

Cl confidence interval, SD standard deviation; WI, work index. *P-value refers to sex differences

and the LV global CW are correlated with the LV GLS
[18]. The LV global WI was significantly lower in the
present study than it was in a previous study [16], racial
differences being a possible reason for the discrepancy
(1749 mmHg+231 vs. 1896 mmHg=+308, P<0.001),
though the LV global WE was similar in the two studies.

Our study establishes normal reference values for
LV 18-segment WI and WE in a healthy Asian popula-
tion. The data demonstrated that there are differences in
WI and WE between different segments, sexes and age
groups. The study further strengthens the necessity for
the segment-, sex-, and age-specific normal ranges of W1I
and WE.

Functional nonuniformity

Functional heterogeneity, as a well-known feature of the
left ventricle in the normal population, may influence LV
segmental function [19-22]. In this study, as we expected,
an important observation in evaluating the entire popula-
tion was the variability of WI and WE for different seg-
ments, levels, and walls of the left ventricle.

Notably, the anteroseptal basal segment had the low-
est WI and WE among all segments. Based on our data,
the basal and middle levels demonstrated lower median
W1 values than the apical level in all walls. The reason
could be that W1 is significantly correlated with LV GLS,
and the strain of apical levels is greater than the strain of
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Table 5 Parameters of left ventricular segmental WE according to sex

Men, median (IQR) Men, limits of Women, median (IQR) Women, limits of  P-value*
normality + SE normality + SE
Anteroseptal WE (%)
Basal 91 (87-95) 75£18 93 (89-96) 79+£18 0.004
Middle 97 (94-99) 84+12 98 (96-99) 89411 0.026
Apical 98 (95-99) 84+16 98 (96-99) 86+1.5 0.619
Septal WE (%)
Basal 95 (91-98) 78+18 95 (92-98) 82+12 0.582
Middle 95 (92-98) 82411 97 (95-98) 88412 <0.001
Apical 98 (97-99) 90+1.0 98 (97-99) 89+16 0.858
Inferior WE (%)
Basal 96 (94-98) 84+10 96 (94-98) 83+14 0.297
Middle 96 (93-98) 82+14 97 (94-98) 86+1.2 0.010
Apical 98 (96-99) 83£2.1 98 (95-99) 88+09 0.566
Posterior WE (%)
Basal 95 (91-97) 83+1.0 96 (93-97) 82+1.8 0.038
Middle 96 (92-98) 80+14 97 (94-99) 87+09 0.001
Apical 97 (94-99) 86+0.8 98 (94-99) 86+1.3 0.403
Lateral WE (%)
Basal 96 (94-98) 83+18 96 (94-98) 87+06 0.540
Middle 97 (93-98) 83+13 98 (96-99) 87113 0.001
Apical 98 (95-99) 81+18 98 (96-99) 86415 0429
Anterior WE (%)
Basal 96 (92-98) 84+£10 96 (92-98) 81£18 0.305
Middle 97 (93-99) 83+1.1 97 (95-99) 85+ 1.1 0.369
Apical 97 (93-99) 79426 98 (95-99) 85+13 0.024
Average WE of the anteroseptal wall (%) 95 (93-96) 85+13 96 (94-97) 89+0.7 0.001
Average WE of the septal wall (%) 95 (94-97) 89+06 96 (94-98) 90+06 0.001
Average WE of the inferior wall (%) 96 (94-97) 89+06 96 (95-97) 90+£0.7 0.157
Average WE of the posterior wall (%) 95 (93-97) 88+0.7 96 (95-97) 89+0.7 <0.001
Average WE of the lateral wall (%) 96 (94-98) 86+£1.0 97 (95-98) 91+06 0.036
Average WE of the anterior wall (%) 96 (93-97) 85+1.0 96 (94-98) 89+04 0.087
Average WE of the basal level (%) 94 (92-95) 90+04 95 (93-96) 89+06 0.002
Average WE of the middle level (%) 96 (93-97) 86£1.0 97 (95-98) 91+0.7 <0.001
Average WE of the apical level (%) 97 (96-98) 89+09 97 (96-98) 91+0.7 0.038

IQR interquartile range, SE standard error; WE, work efficiency. *P-value refers to sex differences

middle and basal levels [23]. WI was lower in anterior
walls than in the other walls at all levels, which may be
the result of the strain of anterior walls being lower than
that of the other walls in the normal population [24]. WE
showed a lower median value in the basal wall than in the
other walls at all levels. Moreover, all 18-segment median
values of W1 were greater than 95%, except for the anter-
oseptal basal segment.

Sex and age differences

Our data showed that most W1 values were independent
of sex (Table 4). In the segments with significant differ-
ences, the WI values of males were higher than those of

females. The average WI values of different levels and
walls were all higher in men than in women. This may be
related to the result that LV GLS is higher in women than
in men. Moreover, when considering sex and age, all the
average W1Is of different walls and levels showed no cor-
relation with age in men (Table 6). However, most of the
average WI of different walls and levels increased with
age in women along with systolic blood pressure. The
results above are consistent with the study by Manga-
naro et al. [16], who demonstrated that increasing after-
load may lead to higher WI. Therefore, the ageing-related
increase in systolic blood pressure may be the reason for
the increase in W1 in some segments in women.



Page 9 of 16

(2023) 21:2

Wu et al. Cardiovascular Ultrasound

(68lz—18¥l)  (9/0T-0971l)  (€S61-99¢€l)  (PS6L-O0VCL)  (8€61-9TEL)  (£181—€SEL)  (EG8L-TOEL)  (€6/1-S8€EL)
8¢00 L¥l0 GL60 8000 9¢l'0  /S60 0r8lL 0c9l SS/1 6CS1L 9091 7651 LS/1 €651 |eseq
(%BHWW) | JousIuY
(£67C-8€S1)  (8Tlr—cewl)  (ellz—cerl)  (6861-98%L) #(CL0T  (L9r1-vlel)  (€clz-LSkL)  (8T6l-/CEL)
6570 LS00 8LL0 CLLO 6890 /900 (88l S/l 9S/1 ov/L  —£1S1)¥98L 08yl ev/l 6851 |eoidy
#(660C  (9091-1L¥Tl) «(801T  (00/1-69C1) «(€C61  (8991-cTll) «(€061  (SP/L-6VLL)
L1100 #£10 LS¥'0  #5S00 ¥Z00  ¥180  —9691) 88/1L govl  —6¥GL) SL8L 0Tl —tvpl) LE9L levl  —99%1) 0g/L (/A4 SIPPIN
ap oq
1000> 660 G900 ¢EeL'0  L000> LECO  xCLEFSLIC [9CF Y88l «PSEF E60C 8SEFOELL  «EBEF¥88L COVF0CLL <00V FSL8L  SESEFO0LL |eseg
(9BHWW) |MW es21e
6880 0100~ €0 ¢S00- 5510 8l¥0 98 F 1981 06¢ F /891 6¢r F /81 6CrF96/1 0cr F8¢LL 0LEF8LLL 296¢ F 5681 89¢ F 5081 |eoidy
«(860C  (0/8L-8¥LL) #5561 (ce8l-ogTl) «(€681  (98/1-€8C1) #2961 (9991-c8Cl)
60€0 000 €90 ¥€00- LEL'0 /980  —//51)9l6l el —Lhrl) 9gsL STyl —06¥l) €41 8¥SL  —C1G1) 859l Se6vlL SIPPIW
«(EL€T  (6017-59S1)  (6l€C—=SS8l)  (¥SCT—GC9l) «(9l€T  (W/1T-96G1)  (6S€T-S18L)  (681C—9691)
€/90 6¢00 70 ¥80°0- ¥r6'0  ¥C€0  —60/1) SSLT 8691 S60¢ /661 —€08l) SSOC G881 £50¢ 1681 |eseq
(9%DBHWIW) |A\ 101121504
(cvvz—cs8l)  (L0€c-0c8l)  (9eve-688l)  (€Tvr—veLl)  (CObc—6C8l)  (6C€C-S08L)  (08CT—veLl)  (88€C~£9LL)
19C0 ££00 8/80 L100O- ¥8/'0  0/60 ¥9l¢C 650C 9,0¢ ¥¥0¢ clie 760¢ ocle 6£0C |eoidy
«(cceT  (9007-5651) %990 (6661-0¥¥L)  (920T—¥€SL)  (980C-96%1) Sov6l  (LP0T-68¢€1L)
l000> /¥C0 8/¥'0 1500 €000  86¥0  —6991) L00C ov/L —¥//1)098L 0LL sl 9r8l  —SOvL)9lLsL eLsL SIPPIN
¥01'0  LLLO 1000 £¢C0- 0800  ZlOO  xC6EFCS0C ECYF SISl <LEVF 68 8/EFCe9l SlEPF S8l SlevFCLLL LSV F V8L 5qleEVF 081 |eseq
(9BHWIW) [AA JoLyul
8LE0 8900 /50 0¥00 €950 9050 €Y F €9CC LLEFOCLT SLEFC8LC CEEFELLC  X9EEF8YIC 09¢€ F ¢eoe YEYF8LLC LZ€F950¢ |eoidy
GEO0  ¥rL0 /100 L/10 L0000 600  «PSEFSLOC 08CF L08L ,x/0€F9/81 €0rF oLl 590€ F 6.1 0SEFSCLL  5xS8CF LEBL  66CF 6091 SIPPIN
950 6£00 7150 /¥00- €910  €l¥0 60 F6891 6SEFLEEL S8CF9LSL YSEF LOVL OPEF LESL PEEFOSYL  x/EEFCO9L ¥8CF9S¥L |eseg
(9BHUWIW) | [e3das
l000> SPC0 €¥80 ¥100 1000> G180 7SEF 8561 ¢6€F 8081 9SEF 0661 YOr F 206l  oplheFOVLL [8EFSVBL  58erF LS/ 90F F 6581 |eoidy
000 9610 €¥C0 800 L1000  ¢9C0  «x8CEFLL61 6vCFovLL  «/8CFCLl6L 8SEFO0LL  5phSEFICLL QCEFSOLL 5 PSEFL8LL PPEFES9L SIPPIN
l6C0  ¢L00 S/1'0  £600 ¥/1'0  ¥160  «lSEFH09L 0ccFe6el 0€e F 9911 ylEF SOrL V6T F¥orl 9LEFGOEL  «PEEFE0SL e F89¢l |eseg
(9%DHWW) |AA [PIdSSOIRIUY
€800 8LL'0 000> #SE€0 8€L'0 1000> (18-99) v/ (18-89) S/ x(08-€9) L/ (¥8-€4) 6/ (9/-19) 0L (£1-99) T (S£-€9) 1L (b/=€9) 0/  (BHWW) 4sq
«(821-901) «(£11-001) «(@z1-901)
7000 €610 900 vEL0  1000> G0€0 (lel—cll)vel (cel-ZLL) el SLL (LEl=ZLL) ozl oLl (OgL-wLL) ¥l SLL (0sL=SLL ozl (BHWwW) 4gs
(¥on (¥on (:[o])] (¥on
ueipsaw 1o (yon uelpaw 1o (4on uelpsw 1o (401 uelpaw 1o (4on
as Fueaw uelpaw 10 ds Fueaw uelpaw 10 ds Fuesaw ue|paw 10 ds Fuesw uelpaw 1o
‘(re=u) ds +uesw ‘(es=u) Q@SFuesw (tz=u) Q@SFuesw ‘(L5=u) ds Fuesw
anjea-d Yy onjea-d Y uswom usay UdWoOM ‘(EZ=Uu) US| uswop\ ‘(L =u) usiN udWoM ‘(zZ=u) uUsiN USWOM ‘(65 =U) US|
USWoM U anjea-d (LG =u) si1eak oG < (¥6=u) s1eak 05-0t (P L =U) s1eak op-0€ (9LL=u) siedk o>

obe pue xas 01 buiplodde aInssaid Poo|q PuUe |AA [BIPIEDOAW JUSWHS-8 | JB[NDIIUDA 13| JO SI91ouleled 9 ajqeL



Page 10 of 16

(2023) 21:2

Wu et al. Cardiovascular Ultrasound

(9BHWIW)
|9A9] 3|p
ap 5q -piwi sy Jo
L000> 1870 l¥C0  #800 1000> 0€/0  «xLECFOIL6L OCCF VIOl «STCFPLI8L PPCFBESL  «E9CF LLLL 8SCFOLOL  «PECFCO/LL PPCFBISL 1M SbeIaAY
(96BHWW)
|9A9] |eseq
941 O IM
8000 18L0 09€0 9900- 9000  €€80  «EVCFLO6L 9CCF 65 «/0TF 0081 (STF 9L 5 «LSCF8ULL 8YCF IOl 5P FCSLL 0CCF 991l abelany
(%BHWW)
[|lem 1ol
«(C661 (02£1-S0€1) #2981 (L€£1-8T€ ) «(0€81 (6£91-69C1) Szl (9191-¢G€EL) -91ue syl jo
L000> 99C0 86€0 1900 €000 o/ 0 —-86%1) G8/1 [VA4) -01G1L) S991 yAS) —/6€1) S091 L8171l —-6¥€1) 8751 LLSL 1M 3beiaay
(96BHWW)
[|lem |ei21e|
«Ovle  (/¥81-8051) «(6V0C  (0€81-0/¥1) «(820C  (l6/1-C8€EL) 5«(C00C  (18/l-levl) SU1JO M
000 v1C0 0010 8LL0 Lc00 9¢10 -%9/1) 6€61 6¢/Ll —-€/91) 9681 8¢9l -G191) ¢esl €051 -1191) 88/l 9191 abesany
(9BHWwW)
[[eM 1013}
«(C6lc  (LLL1-SPEL) %(650C  (¥861-98%1) «(Z91C  (6£/81-G1G1) «(£20T  (1561-5951) -sod ayyjo
650  L¥00 6vC0 €800- 1L6C0 00€0 -6791) 7961 6/91 -0891) 896 YA -¥¥91) 6681 00/1 -8891) 1831 68/1 M Sbeiany
(96BHwW)
[|eM JoLdjul
941 JO IM
9000 8810 040 6/00- S¥00 (7440l *ELEF /90C 88CF99/1 «V6CFEL61 €0EF 081 SSCEFLLIGL 60¢ F6981 58€EF G881 6CEF 0581 abeliany
(96BHww)
||lem [eydas
941 JO IM
G900 9¢l0 ¢9C0 1800 0r00 1820 «56CF 6861 8GCFES/LL «/9CF8/81 96CF 191 399C F 8l VLEFSELL  5xCLCF0L8L LSCFL0LL abeiany
(96BHWIW)
[|lem [y
-dasoiaiue
Y1 O IM
L000> €¥C0 l¥C0  #800 1000> 7180  x0SCFor8L 0CCFO0S9L  «9CCF68/L SOCF LL9L  5plECFSPOL 8YCF 859l 5409CF 0891 LECF 9091 obesany
(6507 (££91-T911)  (v/6l-6v¥l)  (9/8l-66C1) «(158L (9€/1-9511) 50/81  (9£91-5¢€C1)
1000 LECO 9¢C0  S800 ¢L00 050 —C/¥1) 1681 j7A74) L9l 8€G1 —-8€€1) 79S1 Sevl -OrL1) Z8rl 9lvl |ed1dy
°p
L000> /¥C0 9S¥'0  +¥S00 S000 6C80 «05EF6E/Ll 9LEF 8L x0/EF G691 6lLEF0erl *5/EF 0951 oreFeerl  5q0LEF C0SL €8EF 6LVl S|PPIN
(yon (yorn) (4on (4on
uelpaw 1o (401 uelpaw 1o (4oI1) uelpaw 1o (4o uelpaw 1o (401
ds Fueaw uelpaw Jo as Fueaw uelpaw Jo ds F ueaw uejpaw J0 ds F ueaw ueipaw 1o
‘(re=u) ds Fuesw ‘leg=u) Q@sSFuesw ‘(tcz=u) @sFuesw ‘(Ls=u) ds Fuesw
anjea-d Yy anjea-d Yy usawom TETN] USWOM ‘(EZ=U) US|y uswop\ ‘(Ly=u) usiy usawop\ ‘(zZ=u) usiy USWOM ‘(65 =U) US|\
uswoM\ usiy anjea-d (£§=u) saedk 0§ < (b6 =u) s1eak 05-0¥ (b L = U) saeak op—0€ (91LL=u) s1eak g >

(Panunud) 9 3jqey



Page 11 of 16

abe Jo s1eak g < pue abe Jo s1eak 0§ 01 O UIIMIB] dUBIBHIP JURdYIUBIS, "abe Jo sieak 0§ < pue abe
JO S1e3A OF7 01 O€ USIMI13Q 9DUIIYIP JUedYIUBIS, "6k Jo s1eak 05 01 Ot pue abe Jo sieak i 01 0€ USIMISQ DUIRYIP Emuc_cm_mn "9be Jo s1eak 0g < pue abe Jo s1eak Og > usamiaq duIBYIP JuedYIUBIS, "6k Jo s1eak o5 0
0F pue abe 4o s1eak g > usamiaq aduIYIP JURdLIUBIS, 36k JO s1eak OF 03 OF pue dbe JO S1edK OE > UdIMIS] BDUBIBYIP JUBDLIUBIS, 'UBW 'SA G0°0 > N[RA-d, 'XIPUIHIOM |4 ‘UONRIASP plepuels gS ‘dbues ajitenbiaiul yOi

(2023) 21:2

Wu et al. Cardiovascular Ultrasound

1c00  /S1°0 660 S/00 LC10 Ev0 xSLCFLL6L LLCFL6L1

0/CF L¥6L 6vC F6581

08¢ F 1581 COCFCLLL

(yon
ueipaw Jo (oI
as Fuesw ueipaw 10

(bE=u) QST uesw
anjea-d y anjea-d Yy uswopm  us|y UBWOMN ‘(T =uU) ua\

(4on
uelpaw Jo (4o
as Fueaw uelpaw Jo
‘(es=u) as +uesw
UdWOoM ‘(L =u) uapy

(4on
ueipaw Jo (401)
as Fuesw uejpaw 10
(zz=u)  @sFuesw
UdWOoM ‘(zZ=u) usy

(9%66HWW)
|9A9] [ed1de
9YHJO IM
ELEF Y68 65€F 0581 sbesany
(4on
ueipaw 1o ()

as Fuesw uelpaw 10
‘(Ls=u) as +uesw
uswom ‘(65 =u) Usiy

uswo\ usiy anjea-d (LG =u) saeak 0§ <

(6 =u) s1eak 05-0F

(b¥L = u) s1eak op-0€

(9LL=u) siedk o>

(panunuod) 9 aqer



Page 12 of 16

(2023) 21:2

Wu et al. Cardiovascular Ultrasound

(%)

|lem [exdas
94O IM
7610 6800~ €Ls0 L2000 8190 &880 (86-176) 96 (96-16) 56 (£6-56) 96 (£6-16) 56 x(86-56) 96 (£6-€6) 96 x(86—16) L6 (£6-16) 96 abelany
(%) 11eM [e1
-dssoisiue
o410 IM
99%'0 0500~ 0’0 0900~ €0€'0 €480 (£6-T6) 56 (96-€6) 56 (£6-16) 96 (£6-T6) 56 x(£6—€6) 96 (96-76) 56 (£6-16) 96 (£6-€6) 56 abelany
¢LT0  S800 0S¢0 €800 60 200 (66-56) 86 (86-16) 96 (66-16) 86 (66-56) 86 x(66—56) 86 (66-76) 96 (66-16) 96 (86-76) 96 |eoidy
€60 £000- 8850 6¢00- 85€0 (E80 (86—56) 96 (86-€6) 96 (66-56) L6 (66—16) L6 (66-56) 86 (66-06) L6 (66-16) 96 (66—€6) L6 SIPPIW
60C0 9800~ 0910 lOolL'o- €Cl'0 66C0 (£6-T6) ¥6 (16-€6) 96 (86-16) 96 (86-16) 56 (86-€6) 96 (£6-16) 96 (66-16) L6 (86-€6) 96 |eseg
(%) M JoLSIUY
0090 9¢00- €870 LS00 70 ¢S50 (66—€6) L6 (66-26) 86 (66—96) 86 (66—96) 86 x(66—96) 86 (66—16) L6 (66-96) L6 (66-56) 86 |es1dy
210 ¥0L0 610 €60°0- /10 0L¥0 x(66-96) 86 (86-56) L6 (66-96) 86 (86-56) L6 x(6656) 86 (66-76) 16 (66-176) L6 (66-¢6) 16 3IPPIN
ere0  S900 7¢e0 1200 1880 S0 (£6-56) 96 (66—€6) 96 (66-56) 96 (86—16) L6 (86-16) L6 (86—16) L6 (86—€6) 96 (86—€6) 96 |eseg
(%) IM [eJ91eT]
1000> 1£C0- €00 ¢SL'0- LO00> 1800 (86—€6) 56 (66-88) 56 (66-16) L6 (66-16) 96 5(66-56) 86 (66-56) 86 qe x(66-96) 66 (66-56) L6 |eoidy
L1LE0 8900 9¢00 0§10~ 0610 9600 x(66-96) 86 (£6-98) €6 (66-16) L6 (86-06) 56 x(66-56) 86 (86—€6) 96 (86—€6) L6 (66-€6) L6 S|PPIN
1000 610 1860 €900 9500 98¢0 (86-16) 96 (£6-06) €6 (86-16) 96 (86-6) 96 (86—€6) 56 (£6-16) 56 (£6-T6) ¥6 (L6-16) ¥6 |eseg
(%) IM J0LL1SOd
6£C'0 0800- 9/90 0€00- 18C0 L¥E€0 (86-56) L6 (86-¥6) 86 (66-96) 86 (66-96) 86 (66-56) 86 (66-56) 86 (66-56) 86 (66-96) 86 |eoidy
(V70 ¢S00 0680 0100~ ¥0L0 6€L0 (86—56) 86 (86-76) 56 (86-56) L6 (86—€6) 96 x(86—16) 96 (86-16) 56 (86-6) 96 (86—€6) 96 SIPPIW
/00 ¢Cl'0- L¢80 9100~ 71E0 6890 (86—€6) 96 (86-16) 56 (86—€6) 96 (86—€6) 96 (86-16) L6 (86-176) 96 (66-16) L6 (£6-176) 96 |eseg
(%) IM Jousju|
7690 £C00- LEl'0 6010 8/60 LS00 (66-26) 86 (66-86) 66 (66—86) 86 (66-/6) 66 (66-26) 86 (66—56) 86 (66—96) 86 (66-26) 86 leallel
€40 0¢00- €610 ¥600 0€C’0 0850 (66-56) L6 (L6-€6) 96 (86-176) L6 (86-16) 96 x(66—56) 86 (86-76) 56 «(86—176) L6 (£6-06) 56 SIPPIN
6500 6¢l0- 0S¢0 €800~ 0S€0 900 (£6-16) S6 (S6-£8) 6 (£6-T6) 56 (£6—06) 56 (86-6) 96 ~(86—€6) 96 (86-6) 96 (L6-16) 56 |eseg
(%) IM [R2d3S
/890 8¢00 6¢80 9100 71€0 SSL0 (66—96) 86 (66-56) 86 (66—96) L6 (66-96) 86 (66—96) 86 (66—96) L6 (66-96) L6 (66-56) 86 |eoidy
0550 L¥00- /580 €100 8¢/0 LS80 (66-56) L6 (66-16) L6 (66-96) 86 (66-16) 86 (66-56) 86 (66-56) L6 x(66—96) 86 (86-16) L6 S|PPIN
9€1'0 20L0- L0L0 8LLO- 6€L0 9610 (96-98) L6 (€6-/8) 68 #(16-06) ¥6 (96-98) L6 (56-69) €6 (G6-/8) 16 (86-68) ¥6 (¥6-88) €6 |eseq
(%) IM [PrdasoImIUY
(40I) uelpaw (40I) uelpaw (4OI) uelpaw (4OI) uelpaw
‘(PE=u) (4OI) ueipaw ‘(es=u) (4OI) ueipaw ‘(z£=u) (4OI) uelipaw ‘(£§=u) (4OI) uelpaw
anjea-d Y onjea-d Y uswop U UBWOA\ ‘(EZ=u) Uay uswop\ ‘(L =u) uay UBWOA\ “(ZZ=u) uay UsWOoM ‘(65 =Uu) Us\
usawIoM TETN] anjea-d (2§ =u) s1eak 0§ < (#6=u) s1eak 05-0t (pL =u) s1eak op—0€ (9LL=u) sieak g >

abe pue xas 01 BuIpIODIIE A [BIPIEDOAW JUSWD3S-§ | J|NDLIUSA 1Y3] JO SIlawieled £ ajqeL



Page 13 of 16

(2023) 21:2

Wu et al. Cardiovascular Ultrasound

abe Jo s1eak 0g < pue abe Jo s1edk Of 01 0€ U2MIDC 9DUIYIP JUedYIUBIS,
"abe 4o 51834 0§ < pue abe Jo s1eAA OE > UsaMID] 3dUBIBYIP JUEdYIUBIS, "36e JO SIBIA OG 01 Ot pue d6E JO 518K OF > UBIMIS] DUBIDYIP JUBDYIUBIS, "UBW SA 500 > N[RA-d, "AOUBIDLYS Y10M J ‘dBues djiIenbiaiul YOI

(%)

|9A3] |eoide
9431 J0 IM
S6€£0 8S00- 660 €900 6€L0 /10 (86-56) L6 (86-56) L6 (86-96) L6 (86-96) L6 «(86-96) 86 (86-56) 96 (86-96) L6 (86-96) L6 obessny
(%) 919
o|ppiw
941 JO IM
€elro  €olo /€0 ¥900- 510 Sv/0 +(86-G6) /6 (96-€6) 56 +(86-G6) /6 (86-16) 56 «(86-96) /6 (L6-16) 96 (86-16) 96 (L6-€6) 96 obessny
(%) [on9)
|eseq ayi Jo
1880 0L00- 920 LL00- 6050 C¥E0 (96-¢6) ¥6 (S6-76) €6 (96-¢6) S6 (96-16) ¥6 (96-16) G6 (G6—¢6) 56 (96-¢6) 56 (96-26) #6 I 2beioAY
(%) Ilem
Jouue
941 JO IM
0060 6000 950 ¥00- LGL'0 G190 (£6-€6) 96 (16-€6) 56 (86-176) 96 (£6-€6) 96 x(86-16) L6 (£6-€6) 96 (86—€6) 96 (L6-16) 96 Sbessny
(%)
||[em [ela1e|
oY1 JO IM
0610 6800 1990 €00 SE0 /€€0 (86-56) L6 (L6-56) 96 (86-96) L6 (86-56) L6 x(86-56) L6 (£6-€6) 96 (£6-176) 96 (86-€6) L6 abelany
(%) 11em
Jousod
9Y1JO IM
/80 8l00 6800 ¢Cl0- £/50 800 «(L6-56) 96 (96-06) ¥6 (L6-56) 96 (L6-€6) G6 «(£6-56) 96 (L6-16) 56 (L6-56) 96 (L6-€6) G6 abesany
(%)
[|[em JoLdjul
941 JO IM
§6/0 8l00- 6v/.0 €C00- €/50 ¥¢S0 (L6-56) 96 (L6-€6) G6 (86-56) 96 (86-56) 96 (86-56) L6 (L6-176) 96 (86-16) 96 (L6-16) 96 abesany
(4OI1) ueipaw (401) ueipaw (4OI1) ueipaw (4OI1) ueipaw
‘(kE=u) (4OI) uelpaw ‘(=) (4OI) uelpaw ‘(z£=u) (40I) uelpaw ‘(£§=u) (4OI) uelpaw
anjea-d Yy onjea-d Y uswop\  uspy USWOA\ ‘(EZ=u) uay USWOM ‘(L =u) uay USWOA\ ‘(ZZ=u) uay UsWop\ ‘(65 =Uu) Usy
uswWop us|y anjea-d (LS =u) saedk 0§ < (6 =Uu) s1eak 05-0F (b L =u) saeak 0p-0€ (91LL=u) s1eak og >

(Panunuod) £ 3jqey



Wau et al. Cardiovascular Ultrasound (2023) 21:2

There were some differences in WE between the
sexes (Table 5). The average WE of all levels and most
walls were significantly different in men and women.
When both sex and age were considered, none of
the average WE values of the different walls or levels
showed any correlation with age in women or men
(Table 7).

Clinical implications

To our knowledge, LVMW has been studied in the
fields of heart failure, hypertension, cardiac resynchro-
nization therapy, diabetes mellitus, cardiomyopathy
(nonobstructive hypertrophic cardiomyopathy [HCM],
dilated cardiomyopathy [DCM], cardiac amyloidosis
[CA]), etc. [2-7]. As a noninvasive and novel technique,
LVMW could be a reliable method to measure differ-
ent LV segmental functions in clinical and experimental
research.

Coronary artery disease (CAD) is a leading disease
worldwide [25]. Boe et al. [26] previously demonstrated
that the presence of>4 adjacent segments with sys-
tolic dysfunction (based on WI measurements) showed
better sensitivity and specificity in identifying non-ST-
segment elevation-acute coronary syndrome than con-
ventional echocardiography parameters. In another
study [11], Edwards et al. found that relative segmental
WI decreased in the presence of segmental perfusion
defects.

HCM is an inherited cardiovascular disease charac-
terized by the presence of thick LV walls [27]. Hiemstra
et al. [4] evaluated segmental differences in myocardial
work in patients with nonobstructive HCM, and WE
for some segments was significantly lower in patients
with nonobstructive HCM than in control subjects.

DCM is a common cardiac disease with LV systolic
dysfunction caused by many factors [28]. Recently,
Schrub et al. [29] analysed the relationship between
WE and exercise tolerance in patients with DCM. They
demonstrated that septal WE was the best predictor of
exercise performance in patients with DCM.

CA has a high incidence rate in elderly individuals
[30, 31]. Clemmensen et al. [32] demonstrated that
WTI in apical, middle, and basal myocardial levels
were all lower in patients with CA than in controls.
WI gradually decreased from the apical level to the
basal level in patients with CA. Moreover, another
study [5] by Clemmensen et al. demonstrated that
the apical-to-basal WI ratio could predict major
adverse cardiac events and all-cause mortality in
patients with CA.
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Overall, our data showed good agreement and repro-
ducibility in assessing WI and WE of different seg-
ments, which suggests the possibility that these normal
values could be used as a reference for a variety of dis-
eases in clinical and research practice, such as myocar-
dial infarction, nonobstructive HCM, DCM, and CA.

Limitations

The collection and quantification of the LVMW dataset
from a single-provider platform may limit the application
of the reference values to data measured by other pro-
vider platforms. In addition, the software only provides
the values of WI and WE of each segment but does not
provide the values of CW and WW of each segment,
so the reference values for each segment of CW and
WW are not available. Additionally, all enrolled indi-
viduals were asymptomatic on routine examinations,
but the possibility of subclinical cardiovascular diseases,
especially in elderly individuals, cannot be ruled out.
Furthermore, whether our results apply to non-Asian
populations remains unknown.

Conclusions

To date, this study is the first to use echocardiography
to establish reference values for the segment-, sex-, and
age-specific normal ranges of WI and WE in a large nor-
mal population cohort. There are differences in W1 and
WE between different segments, levels, and walls of the
normal left ventricle. Sex should be considered when
attempting to identify WI and WE. Age should be con-
sidered when attempting to identify WI in women. The
data in this study could enhance the value of echocardi-
ography in LV function evaluation, disease diagnosis risk
stratification, and prognosis.
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