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[(fBE] a® HITILLES-RNAIR (pressure-strain loop, PSL ) FA H 3440 IUSEN S 802E 5 1074k 12 1 B Ao
( chronic kidney disease, CKD) BHZEOEWAEIIRET I M. F& BB 2021 45 8 A % 2021 4F 12 A F&E
B MR i B B JE T B B B e N BME BE 19 420 = BT 1143 %% (left ventricular ejection fraction, LVEF ) IE# i CKD H#34
74 ), HHE CKD 4340143 A540] CKD 40 (CKD 1~3 1) FiiE CKD 40 (CKD 4~511) . 5k 30 Z4F#e . PERIAAIT
T 4 e B R R SR X R WSO I HE A 3 ARG X 1) — MBI PR B} | 200 S B RBB PR HR A L O JULI A8 A A0 LA
DIZH . R A 36 A 2 Jo M [ 43 BT P AL O U s P R . 4 R 3 AIBFGEX G0 42 0 28 BE R A T 46 5K
( global work index, GWI ) . #{&% FZ)) ( global constructive work, GCW ) ZRILGIT¥E L., SXTHEAMLL, WA
CKD 3 MR AR 2% ( global work efficiency, GWE ) Ffik, AT/ ( global waste work, GWW ) Hi il
(P<0.05) . Willi CKD 4 (n=42) #{kY\1i 378 ( global longitudinal strain, GLS ) X {E [ ( - 17.09£0.82) % vs
( -18.33£0.90) %, P<<0.05]. GWE[93.00%(90.00%, 95.00%) vs 96.00%(92.25%, 96.75%) , P<<0.05]{it T-F.1#§ CKD #H
(n=32) , GWW & FHH CKD 41[150.00 mmHg%(105.25 mmHg%, 215.00 mmHg%) vs 88.00 mmHg% (64.25 mmHg%,
144.50 mmHg%), P<0.05] . A&7 BN, GWE 5 GLS 465 {H . WE(E WV AS B HU% ( peak strain dispersion, PSD ) fiAf
X (r=-0396. -0.558, P<<0.05) ; GWW 5 GLS #iXf{E . PSD IEAHE (r=0.341. 0.610, P<<0.01) . ZInkikn=
ZE R IR, PSD N GWE (= - 0.558, P<<0.001) Fl GWW ( $=0.538, P<<0.001 ) BYAIZAHRNZE ., 24 LLLELE
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Non-invasive pressure-strain loop technology for early detection of left ventricular systolic dysfunction in
patients with chronic kidney disease

HOU Huiping'*®, CHEN Zhihong*, WU Qiaoyan'?*?, XIE Zehan"*’, WANG Yongshi"**®, LUO Limin"***
1. Department of Echocardiography, Zhongshan Hospital (Xiamen Branch), Fudan University, Xiamen 361015, Fujian, China
2. Xiamen Clinical Research Center for Medical Imaging, Xiamen 361015, Fujian, China
3. Xiamen Clinical Research Center for Cancer Therapy, Xiamen 361015, Fujian, China
4. Department of Nephrology, Zhongshan Hospital (Xiamen Branch), Fudan University, Xiamen 361015, Fujian, China
5. Department of Echocardiography, Zhongshan Hospital, Fudan University, Shanghai 200032, China
[ Abstract] Objective To investigate the application value of the global myocardial work parameters in the non-invasive
pressure-strain loop (PSL) technology for early assessment of left ventricular systolic function in patients with chronic kidney disease
(CKD). Methods A retrospective analysis was performed on 74 patients with normal left ventricular ejection fraction (LVEF) who

were hospitalized in the Nephrology Department of Zhongshan Hospital (Xiamen Branch), Fudan University, from August 2021 to
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December 2021. Based on CKD stages, patients were divided into early group (CKD stages 1-3) and advanced group (CKD stages 4-5).
Additionally, 30 healthy volunteers matched for age and gender were selected as the control group. General clinical data, routine left
ventricular ultrasound indicators, myocardial strain, and global myocardial work parameters were collected and compared among the
three groups. Correlation analysis and multiple linear regression were used to assess the influencing factors of myocardial work.
Results There were no statistically significant differences in global work index (GWI) and global constructive work (GCW) among
the three groups. Compared to the control group, both CKD groups showed significantly reduced global work efficiency (GWE),
along with significantly increased global waste work (GWW, P<<0.05). The absolute value of global longitudinal strain (GLS) in the
advanced CKD group (n=42) was significantly lower than that in the early CKD group (n=32; [ - 17.094+0.82]1% vs
[ - 18.33£0.90]%, P<<0.05), and GWE was also significantly lower (93.00%[90.00%, 95.00%] vs 96.00%[92.25%, 96.75%],
P<0.05), while GWW was significantly higher than that in the early CKD group (150.00 mmHg%[105.25 mmHg%, 215.00
mmHg%] vs 88.00 mmHg%[64.25 mmHg%, 144.50 mmHg%], P<<0.05). Correlation analysis showed that GWE was negatively
correlated with the absolute value of GLS and peak strain dispersion (PSD; r= - 0.396, - 0.558, P<<0.05), GWW was positively
correlated with absolute value of GLS, and PSD (r=0.341, 0.610, P<<0.01). Multiple linear regression results indicated that PSD
was an independent influencing factor for GWE (= - 0.558, P<<0.001) and GWW ($#=0.538, P<<0.001). Conclusions The
myocardial work parameters GWE and GWW in non-invasive left ventricular PSL technology can identify subclinical left ventricular

systolic dysfunction in patients with CKD early and quantitatively.

[ Key Words] chronic kidney disease; pressure-strain loop; myocardial work; left ventricular systolic function
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WaR: GWEMBIHTBREE (F=37.267,
P<0.001) , H GLS 4%HH (p= - 0.235,
P=0.022) . PSD (= -0.558, P<<0.001) /&
GWE WSS AH G R, iR GWE 49.8% 19742

S GWW B RIHFREE (F=24.715, P<
0.001) , H:HF DBP (=0.210, P=0.034) .
PSD ($=0.538, P<<0.001) J& GWW i 37 4 ¢
HZE, R GWW 39.4% AR5,

®1 3EAMRMEH—RHIL, EOEERCEBSBRETSHLER
Table 1 Comparison of general data, parameters of the left ventricle on conventional ultrasound and strain among

three groups

Index Control group (n=30) Early CKD group (n=32) Advanced CKD group (n=42) F//’ P
Male n(%) 15(50.00) 18(56.25) 26(61.90) 1.015  0.602
Agelyear 45.27+4.49 45724551 46.12+4.39 7.290  0.968
BMI/(kgem *) 22.56+1.02 22.7840.84 22.9940.81 0.248  0.781
BSA/m’ 1.71(1.49, 1.78) 1.62(1.52, 1.75) 1.63(1.53, 1.78) 0.359  0.836
Smoking n(%) 6(20.00) 8(25.00) 7(16.67) 0.784  0.676
Diabetes n(%) 0 4(12.50) 11(26.19)° 9.864  0.007
FPG/(mmol-L ") 4.70(4.50, 5.00) 5.60(5.33, 6.00)" 5.80(5.50, 6.60)" 53.623 <0.001
SBP/mmHg 116.30+3.44 129.16£5.77" 151.14+£5.72"4 50.576 <<0.001
DBP/mmHg 71.50+2.92 81.88+4.17" 88.36+3.46"" 22.904 <<0.001
eGFR/[mLemin~'¢(1.73m% '] 108.00(99.35, 115.15)  68.18(38.82, 85.71)" 6.37(3.73, 13.85)"" 83.196 <0.001
LVEDD/mm 43.83+138 45.19%1.52 45714135 1.874  0.159
LVESD/mm 27.00(25.00,28.00)  27.50(25.00, 30.00) 28.00(26.00, 30.25) 4.874  0.087
IVST/mm 8.00(7.00, 9.00) 9.00(8.00, 10.75)" 12.00(10.00, 14.00)"* 45.144 <0.001
LVPWT/mm 8.00(7.00, 9.00) 9.00(8.00, 10.00)" 11.00(9.75, 12.00)"* 45.431 <0.001
LVMI/(gem %) 65.41+4.67 83.92+6.80° 117.67£10.69™* 47.979 <0.001
LVEF/% 69.00(67.00, 71.00)  70.00(66.00, 73.00) 68.00(64.00, 71.25) 2751 0.253
GLS/% -20.62+0.92 - 18.33£0.90° -17.0940.82"% 16.918  0.000
PSD/ms 39.16(33.10,44.63)  43.00(37.00, 55.75) 58.50(48.50, 72.00)"" 34.639 <0.001

BMI: body mass index; BSA: body surface area; FPG: fasting plasma glucose; SBP: systolic blood pressure; DBP: diastolic
blood pressure; eGFR: estimated glomerular filtration rate; LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular
end-systolic diameter; IVST: inter-ventricular septum thickness; LVPWT: left ventricular posterior wall thickness; LVMI: left
ventricular mass index; LVEF: left ventricular ejection fraction; GLS: global longitudinal strain; PSD: peak strain dispersion.
"P<<0.05 vs the control group; “P<<0.05 vs the early CKD group.

&2 3AMARNK PSL HELECAMINSHLR

Table 2 Comparison of left ventricular myocardial work parameters in PSL among three groups

Index Control group (n=30) Early CKD group (n=32)  Advanced CKD group (n=42)  F/y’ P
GWI/mmHg% 2 086.00+116.51 2060.314+143.38 2003.90+121.61 0.466  0.629
GCW/mmHg%  2181.83(1 986.75,2 301.75) 2202.97(1 927.75,2 375.00) 2 290.19(1 937.00,2 610.50) 2207  0.332
GWE/% 96.00(95.75, 97.00) 96.00(92.25, 96.75)" 93.00(90.00, 95.00)"* 29.836  <<0.001
GWW/mmHg% 59.50(49.75, 88.25) 88.00(64.25, 144.50)° 150.00(105.25,215.00)'*  31.078  <0.001

GWI: global work index; GCW: global constructive work; GWE: global work efficiency; GWW: global waste work. "P<<0.05
vs the control group; “P<C0.05 vs the early CKD group.

IR Bl K SIS P ) AL LS A E YR (/e
DFENEK ), TGS A [A] 2 A0 WU 4
FUU BRI, PR B> CKD H# LVEF IE
# o GLS RZWrO I Rekiig iy Buddsbr, HHEA
AR, AZ I RS2 R

34 it

CKD 81 B AL 18 PERAE . A% E
AL el WM N B DN RERRAT AF I 0L, S E0L
NEGOWLGAE CO LA AL A L O JILI] J5 £ & A6 A
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Figure 1 Left ventricular pressure-strain loop and myocardial work parameters
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A: Healthy volunteer; B: Patient with early chronic kidney disease; C: Patient with advanced chronic kidney disease. GLS:

global longitudinal strain; GWI: global work index; GCW: global constructive work; GWW: global waste work; GWE: global work

efficiency; BP: blood pressure.
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Table 3 Correlations and multiple linear regression analysis between GWE, GWW and clinical parameters

Variable

Correlation analysis

Multiple linear regression analysis

r P s t P F Adjusted R

GWE 37.267 0.498

SBP -0.272 0.001

DBP - 0.258 0.002

FPG - 0.199 0.019

eGFR 0.219 0.008

LVMI - 0.212 0.011

GLS - 0.396 <0.001 - 0.235 - 2.347 0.022

PSD - 0.558 <<0.001 - 0.558 - 5.579 <<0.001
GWW 24.715 0.394

SBP 0.455 <<0.001

DBP 0.394 0.001 0.210 2.163 0.034

FPG 0.175 0.030

eGFR -0.198 0.013

LVMI 0.168 0.034

GLS 0.341 0.003

PSD 0.610 <0.001 0.538 5.543 <<0.001

GWE: global work efficiency; GWW: global waste work; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG:
fasting plasma glucose; eGFR: estimated glomerular filtration rate; LVMI: left ventricular mass index; GLS: global longitudinal

strain; PSD: peak strain dispersion.
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