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[ Abstract] Objective To evaluate the diagnostic value of myocardial work related parameters in coronary ischemia

patients with coronary artery disease (CAD) coronary ischemia using non-invasive left ventricular pressure strain loop (PSL), taking
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fraction flow reservation (FFR) as the gold standard. Methods From December 2020 to December 2021, 53 clinically suspected
CAD patients were prospectively enrolled. All patients underwent echocardiography, invasive coronary angiography and FFR
measurement. According to the results of coronary angiography, patients were divided into myocardial ischemia group (n=24, FFR<
0.80) and non-myocardial ischemia group (n=29, FFR>0.80). PSL was used for off-line analysis to obtain the global work index
(GWI), global constructive work (GCW), global wasted work (GWW), global work efficiency (GWE) , global positive work( GPW) ,
and global systolic constructive work (GSCW) and other myocardial work parameters. The differences of parameter values between
the two groups were compared. The diagnostic efficacy of work parameters in myocardial ischemia was analyzed by ROC curve.
Results Compared with the non-myocardial ischemia group, GWI, GCW, GPW and GSCW were significantly decreased in the
myocardial ischemia group at the 18-, 16-, and 12-segment levels (P<<0.001). The ROC curve showed that the AUC results of GWI,
GCW, GPW, GSCW at the 18-segment level were 0.803(95%CI 0.679-0.927), 0.807(95%CI 0.687-0.928), 0.822(95%CI 0.708-
0.936), 0.819(95%CI 0.703-0.935). The optimal cut-off value of GWI was 1 676.3 mmHg%, and the sensitivity, specificity and
accuracy of predicting myocardial ischemia were 70.8%, 86.2% and 79.2%, respectively. The optimal cut-off value of GCW was
1 999.4 mmHg%, and the sensitivity, specificity and accuracy of predicting myocardial ischemia were 75.0%, 82.8% and 79.2%,
respectively. Conclusions Analyzing myocardial work using PSL has good significance for screening suspected myocardial

ischemia in CAD patients.
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Myocardial ischemia group (FFR<:0.8, n=24)
Non-myocardial ischemia group (FFR>0.8, n=29)
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Figure 1 Inclusion and exclusion process of study cohort

R1 BEMEAELMEABEOHELER

Table 1 Baseline characteristics and conventional echocardiographic parameters of patients

Total Myocardial ischemia Non-myocardial ischemia )

Index (V=53) aroup (N=24) aroup (N=29) t/y” value P value
Age/year 61.1£8.5 61.2+8.5 61.0+8.7 —-0.120 0.905
Body mass/kg 67.0+10.0 68.0+8.6 66.2+11.2 -0.614 0.542
High/cm 166.2+7.4 176.6+7.3 1653%7.5 -0.930 0.357
Systolic BP/mmHg 128.44+13.7 122.5+124 133.3+12.9 3.075 0.003
Diastolic BP/mmHg 77.5+9.4 786.21+9.6 78.5+9.3 0.915 0.364
Male n(%) 31(58.5) 18(34.0) 13(24.5) 0.049
Female n(%) 22(41.5) 6(11.3) 16(30.2)

Risk factor n(%)

CAD family history 10(18.9) 3(5.7) 7(13.2) 0.156

Hypertension 28(52.8) 15(28.3) 13(24.5) 0.271

Hyperlipidaemia 18(34.0) 12(22.6) 6(11.3) 0.041

Diabetes 14(26.4) 7(13.2) 7(13.2) 0.760

Smoking 15(28.3) 12(22.6) 3(5.7) 0.002
Target vessel n(%)

LAD 49(60.5) 22(27.2) 27(33.3)

LCX 9(11.1) 6(7.4) 3(3.7)

RCA 17(21.0) 11(13.6) 6(7.4)
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Continued table 1
Index Total Myocardial ischemia Non-myocardial ischemia 47 value P val
(N=53) group (N=24) group (N=29) X value
D1 1(1.2) 0 1(1.2)
D2 1(1.2) 0 1(1.2)
OMI1 3(3.7) 2(2.5) 1(1.2)
oM2 1(1.2) 0 1(1.2)
Target site n(%)
Proximal 56(69.0)
Middle 18(22.0)
Distal 7(9.0)
Echocardiography parameters
LVEDD/mm 44.61+3.6 43.7£33 453+£3.7 1.680 0.099
LVESD/mm 27.6+2.5 27.2£23 28.0x2.7 1.152 0.255
IVST/mm 10.1+1.5 10.5£1.8 9.8+1.0 —1.682 0.102
PWT/mm 9.0£1.0 9.1+1.1 9.0+0.8 -0.312 0.756
E/(ms™) 0.61+0.12 0.63£0.12 0.60+0.12 -0.951 0.346
e’/(m-s™) 0.0940.02 0.09£0.02 0.091+0.02 0.366 0.716
Ele’ 7.35+2.29 7.82+2.89 6.961+1.58 -1.379 0.174
LVEDV/mL 71.3+14.9 71.1+15.6 71.5+14.6 0.095 0.925
LVESV/mL 24.8+7.3 23.5+5.1 25.8+8.6 1.125 0.266

LAD: left anterior descending branch; LCX: left circumflex branch; RCA: right corus artery; D1: first diagonal branch; D2:
second diagonal branch; OM1: first obtuse marginal branch; OM2: second obtuse marginal branch; LVEDD: left ventricular end-
diastolic dimension; LVESD: left ventricular end-systolic dimension; IVST: interventricular septum thickness; PWT: posterior wall
thickness; E: early transmitral flow velocity; e’: mean peak early diastolic myocardial annular velocity; LVEDV: left ventricular end-
diastolic volume; LVESV: left ventricular end-systolic volume.

22 AR FCHE SIS AR R E 2R
AR 910 VAR 20y o s A A 2 SR L O LGB ol 40
LVEF 53R UBkim 2 R X853 . 45

(F2~4) BoR: HT 18 B0 N B
TE 18, 16, 12 B/, OB GWI, GCW,
GPW HI1 GSCW K TR LBk ZH ( P<<0.001) .

B2 OAsRmSIECHERM AR FHNBERELSR

Figure 2 Echocardiographic results of typical cases of myocardial ischemia and non-myocardial ischemia

A-C: male, 55 years old, non-myocardial ischemic; D-E: female, 67 years old, myocardial ischemia. A: the bull eye diagram
shows that the peak systolic strain of each segment is within the normal range; B: the bull eye map shows that the myocardial work
index of each segment is within the normal range, global work index is 2 584.2 mmHg%; C: the area of model building by the left
ventricular pressure strain loop is large; D: the bull eye diagram shows the peak strain of each segment during systole decrease,
especially of the anterior septum, anterior and inferior wall; E: the bull eye map shows that myocardial works reduce in all segments,
and the anterior septum, anterior and inferior wall are more severely damaged, global work index is 1 170.6 mmHg%; F: the area of

model building by the left ventricular pressure strain loop is small.
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F2 OAEBRMASIECUBRMAROCINMITEEER (18 FERATE)

Table 2 Comparison of myocardial work in ischemic and non-ischemic groups (18 segment level)

Index Total Myocardial ischemia Non-myocardial ischemia 112 value Pyalue
(N=53) group (N=24) group (N=29)

LVEF/% 66.3+3.5 66.8+3.4 65.9+3.6 0.913 0.366
GWI/mmHg% 1 804.3+407.6 1570.6£411.0 1997.6+£290.3 4.423 <0.001
GWE/mmHg% 92.6+3.3 92.0+3.9 93.1%+2.5 1.277 0.207
GCW/mmHg% 2047.9£419.0 1801.7£433.5 2251.61277.1 4.577 <0.001
GWW/mmHg% 133.74+60.7 124.8+554 141.1£64.9 0.974 0.334
GPW/mmHg% 1998.6t414.4 1750.4+£423.8 2204.0£273.6 4.704 <0.001
GNW/mmHg% 183.01+99.6 176.01+96.7 182.98.7+103.3 0.459 0.648
GSCW/mmHg% 1959.91+407.8 1714.0£413.5 2163.4+271.4 4.749 <0.001
GSWW/mmHg% 95.1+55.5 88.5+51.2 100.6+59.2 0.788 0.434

LVEF: left ventricular ejection fraction; GWI: global work index; GWE: global work efficiency; GCW: global constructive

work; GWW: global wasted work; GPW: global positive work; GSCW: global systolic constructive work; GSWW: global systolic
constructive work.

x3 OAEBRMASIECHERM AR CAMMITEEE (16 F9ERAKFE )

Table3 Comparison of myocardial work in ischemic and non-ischemic groups (16 segment level)

Total Myocardial ischemia group ~ Non-myocardial ischemia group

Index (N=53) (N=24) (N=29) t/)(2 value P value
LVEF/% 66.2+3.5 66.8+3.4 65.9+3.6 -0.913 0.366
GWI/mmHg% 1771.5+407.3 1528.7£401.1 1972.4£289.0 4.673 <0.001
GWE/mmHg% 92.3+34 91.6+4.1 92.8+2.7 1.267 0.207
GCW/mmHg% 2006.7+418.1 1755.6%£422.0 2214.4£282.3 4.721 <0.001
GWW/mmHg% 137.8+62.4 127.4£54.0 146.3£68.3 1.103 0.334
GPW/mmHg% 1963.8+415.3 1707.9£413.5 2175.5£278.1 4.900 <0.001
GNW/mmHg% 180.6+91.8 175.1£88.5 185.34£95.7 0.399 0.648
GSCW/mmHg% 1923.8+408.8 1670.8£403.2 2 133.1£276.8 4932 <0.001
GSWW/mmHg% 97.8+553 90.3£48.0 104.1+60.8 0.900 0.434

LVEF: left ventricular ejection fraction; GWI: global work index; GWE: global work efficiency; GCW: global constructive

work; GWW: global wasted work; GPW: global positive work; GSCW: global systolic constructive work; GSWW: global systolic
constructive work.

x4 OAERMASIECHERM AR CMMITEEE (12 F9ERAKFE )

Table 4 Comparison of myocardial work in ischemic and non-ischemic groups (12 segment level)

Total Myocardial ischemia group ~ Non-myocardial ischemia group )
Index (N=53) (N=24) (N=29) t/y" value P value
LVEF/% 66.21+3.5 66.81+3.4 65.91£3.6 -0.913 0.366
GWI/mmHg% 1 678.5+390.6 1 428.9+387.6 1 885.01+249.7 5.175 <<0.001
GWE/mmHg% 91.7+£3.9 91.0+4.7 92.3+3.1 1.152 0.207
GCW/mmHg% 1894.44+402.9 1 650.01+-406.2 2096.71+268.9 4.791 0.000
GWW/mmHg% 144.01+72.0 133.8+64.9 152.4+77.5 0.936 0.334
GPW/mmHg% 1 864.3+£399.8 1 608.51+396.5 2075.9+255.4 5.185 <<0.001
GNW/mmHg% 174.1191.2 17531953 173.1£89.4 —0.084 0.648
GSCW/mmHg% 1821.0+393.4 1571.1+388.6 2027.9+255.9 5.132 <<0.001
GSWW/mmHg% 100.8+62.0 96.4160.8 104.5+63.7 0.469 0.434

LVEE: left ventricular ejection fraction; GWI: global work index; GWE: global work efficiency; GCW: global constructive

work; GWW: global wasted work; GPW: global positive work; GSCW: global systolic constructive work; GSWW: global systolic
constructive work.
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Figure 3 ROC curve showed the diagnostic value of myocardial work parameters for myocardial ischemia

A: 18-segment level; B: 16-segment level; C: 12-segment level.

x5 OIS OABRMAISETNE (18 TERAT)

Table 5 Diagnostic value of myocardial work parameters for myocardial ischemia (18-segment level)

Optimum cutoff value/

Index mmHa% AUC 95%CI Sensitivity/% Specificity/% Accuracy/% P value
GWI 1676.3 0.803 0.679-0.927 70.8 86.2 79.2 <0.001
GCW 1999.4 0.807 0.687-0.928 75.0 82.8 79.2 <<0.001
GPW 1 886.9 0.822 0.708-0.936 66.7 86.2 77.4 <0.001
GSCW 1869.2 0.819 0.703-0.935 70.8 86.2 79.2 <0.001

GWTI: global work index; GCW: global constructive work; GPW: global positive work; GSCW: global systolic constructive work.

x o6 LAMIHSETOABRIAISETNE (16 TERAKT )

Table 6 Diagnostic value of myocardial work parameters for myocardial ischemia (16-segment level)

Optimum cutoff value/

Index mmHg% AUC 95%Cl1 Sensitivity/% Specificity/% Accuracy/% P value
GWI 1651.9 0.814 0.695-0.933 70.8 86.2 79.2 <0.001
GCW 1916.8 0.825 0.711-0.939 75.0 86.2 81.1 <0.001
GPW 1 808.8 0.833 0.724-0.942 66.7 89.7 79.2 <0.001
GSCW 1788.5 0.829 0.717-0.941 70.8 89.7 81.1 <0.001

GWTI: global work index; GCW: global constructive work; GPW: global positive work; GSCW: global systolic constructive work.

x7 OUBIHSEINOAERMAISETNE (12 TTRKT )

Table 7 Diagnostic value of myocardial work parameters for myocardial ischemia (12-segment level)

Optimum cutoff value/

Index mmHg% AUC 95% CI Sensitivity/% Specificity/% Accuracy/% P value
GWI 16489 0.846 0.738-0.954 75.0 86.2 81.1 <0.001
GCW 1831.2 0.842 0.738-0.946 75.0 82.8 79.2 <0.001
GPW 1740.5 0.849 0.746-0.952 70.8 89.7 81.1 <<0.001
GSCW 1766.9 0.846 0.741-0.952 75.0 86.2 81.1 <0.001

GWI: global work index; GCW: global constructive work; GPW: global positive work; GSCW: global systolic constructive work.

3 it i

FFR Ui i AH SCeE ks 28 B L, B
B I ARE A XU 358 R Bl FH A v BIR ) JHL i DR
I AL G 0 3 B NS LVEF A 2
™ B A2 DI EEAN 4 CAD BRE RO ALThEE, HK
Z2H0NG LT FL 5 S0 9 ™ B R BE 1R R DGR — 3

P22 0 AR e WUBR I 28 45 4 O LBk I
20 LVEF 2741t # 5 L. STE BE R .LIRE
fak o R R E RS, A B T R IL g
70 B P DL A A LA T
STE & JEERY PSL & Jo @i A6 .0 I 2 BE A8 7 1%
R A A4 498 8 7 0 3 P 67 g S 1 X 12 T M 12



418 Chinese Journal of Clinical Medicine, 2024, Vol.31, No.3

PIEIGRES: 202486H $315%  F3M

FISEM o % sl ad 2 PSL T AR, A 8 S )
HBC WU IHE B

AEXFF LVEF, L WU T i 2 50 5 114 2 B
JE ARG, Hop, GWI M GCW fEF T
FWT LB 5w . AP, GWI A
GCW XJ7eECo i S8 50 UL LA 488 o8 2 BT
GPW il GSCW A AHLIZEE, 7E 18, 16, 12 17k
K-, X AR R I2 WO LB I Y R . RE R
FE L METRE R . A5 LB, GWE A
GWW T HI T2 Wi 1 i RS 9 e R 3l ko o
A5 R A SRR TR O U T S 8
XA AESE GWE Fil GWW 780 LSk 121 5 E 0 AL
B gl 22 7 oG A LR . A, GWE=
GCW/(GCW+GWW), i GCW i KT GWW, it
— I THBET GWW X GWE 520

S IRTE G- R O WU A WS 40 D) fig v i OC B A
Mo Prfrfre @ won, SR K ih R m R
T 00 DX B A, RS IX 3 4 2 R 1 O o 10 B AT
FF®. W, 78 CAD B4, FEREHCIUBER /)
B, FEEEONE R, MR LR Z
PR SZ R B RGO RO WILAS g 388 Jn AAR £
FEIRFEB WU, TR A JLIE R ThRE ™
ARSI 16, 12 FBAKFEONUEED, TR
DA, H45 R B8 GWI, GCW |
GPW 1 GSCW ZWr.Co Lk I A2 RE 5 18 715 Bk
FESAME, ATREIREMEEAREEN, DI
S1REME CAD FR O WUFE A D e 1 B U006 BF B i
700 ACEE R AT 40 S SE RSO WILRY A8 R 2L Ok
[ NS VTN K /@I B R AW =S N = v s 41D
ZHOIE, REE B GWL, GCW F#K,
GWW FH ™,

ARBFE Ml O RE AT, SO B
ELO WU S8 E R RS T I, 5 & 30
S B S RO WU i R RO WL Y 22 5
1E 18 B /KSFE GWI. GCW., GPW #il GSCW £
W O LB I R R RSB . — TS AT R, i
NZEZE GWI A GCW [ IE & YE /51 2 010
(95%CI 1907~2113 ) mmHg% £112278 (95%CI
2186~2369 ) mmHg%. AMFFTH, Jo.O LB
B GWI I GCW BT k(e oLk 5 )
A%

AR AFAER SR FRYE: (1) fFFEXT R A Brh
ODFAZE, BEARERUN; (2) PSLoAHEBRETZ
Wi CAD W7k, 5 SRS T A O 3l A
FIiZWik e tbse;  (3) XU S B 431 3
TAFERERAKT, Sz EAKE5HT.

g LTk, AW kB TR S L3 E
PSL .0 WA T 2 %6 L T2 o Lsk i . 7€
18, 16, 12 WBKFE, LB EEF#EARET
i) GWI, GCW., GPW Al GSCW & FAk.0r Lisk
MR, HAZW.Co FE O ILER I 1 28R R 4T -

RIEER AMRLERCHEE R SHH
( B2020-088R ) , fHHIHFIFEE MR E .

PR FITAEEYI S AR 35 2R

fEETTmk  BAT . IR o BrEdE, St
YR, BEE SR AR ME . T
Wi, geitordr, #ESCE; o, e, Bk
B MR S; Bik—: XEGEES. #
Bel; BRifEaRE . E7OCLr. SCEWN, AR IRE; W%
B EHE, fTE AR

5% 0k

[1] RAKISHEVA A, MARWAN M, ACHENBACH S.
The ISCHEMIA trial: implications for non-invasive
imaging[J]. Anatol J Cardiol, 2020, 24(1): 2-6.

[2] RAJA J, SEITZ M P, YEDLAPATI N, et al. Can
computed fractional flow reserve coronary CT
angiography (FFRCT) offer an accurate noninvasive
comparison to invasive coronary angiography (ICA)?

“ the noninvasive CATH. ” A comprehensive
review [J]. Curr Probl Cardiol, 2021, 46(3): 100642.

[3] ZHUANG B Y, WANG S L, ZHAO S H, et al.
Computed tomography angiography-derived fractional
flow reserve (CT-FFR) for the detection of myocardial
ischemia with invasive fractional flow reserve as
reference: systematic review and meta-analysis[J]. Eur
Radiol, 2020, 30(2): 712-725.

[4] SARASTE A, KNUUTI J. ESC 2019 guidelines for the
diagnosis and management of chronic coronary
syndromes: recommendations for cardiovascular
imaging[J]. Herz, 2020, 45(5): 409-420.

[5] PASTOREM C, MANDOLI G E, CONTORNI F, et al.
Speckle tracking echocardiography: early predictor of
diagnosis and prognosis in coronary artery disease[J].
Biomed Res Int, 2021, 2021: 6685378.

[6] KVITTING J P, WIGSTROM L, STROTMANN J M,
et al. How accurate is visual assessment of


https://doi.org/10.1016/j.cpcardiol.2020.100642
https://doi.org/10.1007/s00330-019-06470-8
https://doi.org/10.1007/s00330-019-06470-8
https://doi.org/10.1007/s00059-020-04935-x

A T R B 2

202456 H 311G F3W

Chinese Journal of Clinical Medicine, 2024, Vol.31, No.3 419

synchronicity in myocardial motion? An in vitro study
with computer-simulated regional delay in myocardial
motion: clinical implications for rest and stress
echocardiography studies[J]. J Am Soc Echocardiogr,

1999, 12(9): 698-705.

performance of coronary computed tomography (CT)
angiography derived fractional flow reserve (CTFFR)
in patients with coronary artery calcification: insights
from multi-center experiments in China[J]. Ann Transl
Med, 2022, 10(14): 788.

[7] MAZZITELLI M, TORTI C, SABATINO J, et al. [17] LOPES R D, ALEXANDER K P, STEVENS SR, et al.
Evaluation of cardiac function by global longitudinal Initial invasive versus conservative management of
strain before and after treatment with sofosbuvir-based stable ischemic heart disease in patients with a history
regimens in HCV infected patients[J]. BMC Infect Dis, of heart failure or left ventricular dysfunction: insights
2018, 18(1): 518. from the ISCHEMIA trial[J]. Circulation, 2020,

[8] KUKULSKI T, JAMAL F, HERBOTS L, et al 142(18): 1725-1735.

Identification of acutely ischemic myocardium using [18] LIUY P, SONGJJ, WANG W Y, et al. Association of
ultrasonic strain measurements. A clinical study in ejection fraction with mortality and cardiovascular
patients undergoing coronary angioplasty[J]. J Am events in patients with coronary artery disease[J]. ESC
Coll Cardiol, 2003, 41(5): 810-819. Heart Fail, 2022, 9(5): 3461-3468.

[9] HUBERT A, ROLLE V L, LECLERCQ C, et al. [19] ASANUMA T, NAKATANI S. Myocardial ischaemia
Estimation of myocardial work from pressure-strain and post-systolic shortening[J]. Heart, 2015, 101(7):
loops analysis: an experimental evaluation[J]. Eur 509-516.

Heart J Cardiovasc Imaging, 2018, 19(12): 1372- [20] PAPADOPOULOS K, OZDEN TOK O, MITROUSI
1379. K, et al. Myocardial work: methodology and clinical

[10] CHAN J, EDWARDS N F A, KHANDHERIA B K, et applications[J]. Diagnostics, 2021, 11(3): 573.
al. A new approach to assess myocardial work by non- [21] EDWARDS N F A, SCALIA G M, SHIINO K, et al.
invasive left ventricular pressure-strain relations in Global myocardial work is superior to global
hypertension and dilated cardiomyopathy [J]. Eur Heart longitudinal strain to predict significant coronary artery
J Cardiovasc Imaging, 2019, 20(1): 31-39. disease in patients with normal left ventricular function

[11] GUO Y, YANG C G, WANG X, et al. Regional and wall motion[J]. J Am Soc Echocardiogr, 2019,
myocardial work measured by echocardiography for the 32(8): 947-957.
detection of myocardial ischemic segments: a [22] LINJR, WU W C, GAO L J, et al. Global myocardial
comparative study with invasive fractional flow work combined with treadmill exercise stress to detect
reserve [J]. Front Cardiovasc Med, 2022, 9: 813710. significant coronary artery disease[J]. J Am Soc

[12] OLSEN F J, SKAARUP K G, LASSEN M C H, et al. Echocardiogr, 2022, 35(3): 247-257.

Normal values for myocardial work indices derived [23] SLIVNICK J, LAMPERT B C. Hypertension and heart
from pressure-strain loop analyses: from the CCHS[J]. failure [J]. Heart Fail Clin, 2019, 15(4): 531-541.
Circ Cardiovasc Tmaging, 2022, 15(5): e013712. [24] LONCARIC F, MARCINIAK M, NUNNO L, et al.

[13] WU J, HUANG X Y, HUANG K H, et al Distribution of myocardial work in arterial
Echocardiographic reference ranges for noninvasive left hypertension: ~ insights from non-invasive left
ventricular 18-segment myocardial work index and ventricular  pressure-strain  relations[J]. Int J
work efficiency in a healthy Asian population[J]. Cardiovasc Imaging, 2021, 37(1): 145-154.

Cardiovasc Ultrasound, 2023, 21(1): 2. [25] HUANGHM, RUANQY, YOU Z L, et al. Segmental

[14] TOTH G G, JOHNSON N P, JEREMIAS A, et al. and global myocardial work in hypertensive patients
Standardization  of  fractional  flow  reserve with different left ventricular ejection fraction: what’s
measurements[J]. J Am Coll Cardiol, 2016, 68(7): 742- the role of the apex played?[J]. Int J Cardiovasc
753. Imaging, 2023, 39(8): 1505-1514.

[15] TONINO P A, DE BRUYNE B, PIJLS N H, et al. [26] TRUONG V T, VO H Q, NGO T N M, et al. Normal
Fractional flow reserve versus angiography for guiding ranges of global left ventricular myocardial work
percutaneous coronary intervention[J]. N Engl J Med, indices in adults: a meta-analysis[J]. J Am Soc
2009, 360(3): 213-224. Echocardiogr, 2022, 35(4): 369-377.

[16] TAO Y, GAO Y L, WU X Y, et al. Diagnostic [ARx4miE] sy

5| AT
B, MR, i 3R, 4E TR E ) AR A SO O LB L2 W B (B LD ] b I R S 2%, 2024, 31(3):
411-419.

ZHAO Y J, HE F R, HE W, et al. Value of non-invasive left ventricular myocardial work in the diagnosis of myocardial ischemia
in coronary heart disease[J]. Chin J Clin Med, 2024, 31(3): 411-419.


https://doi.org/10.1016/S0894-7317(99)70019-2
https://doi.org/10.1186/s12879-018-3426-9
https://doi.org/10.1016/S0735-1097(02)02934-0
https://doi.org/10.1016/S0735-1097(02)02934-0
https://doi.org/10.1093/ehjci/jey024
https://doi.org/10.1093/ehjci/jey024
https://doi.org/10.1093/ehjci/jey131
https://doi.org/10.1093/ehjci/jey131
https://doi.org/10.3389/fcvm.2022.813710
https://doi.org/10.1186/s12947-023-00299-4
https://doi.org/10.1016/j.jacc.2016.05.067
https://doi.org/10.1056/NEJMoa0807611
https://doi.org/10.21037/atm-22-3180
https://doi.org/10.21037/atm-22-3180
https://doi.org/10.1161/CIRCULATIONAHA.120.050304
https://doi.org/10.1002/ehf2.14063
https://doi.org/10.1002/ehf2.14063
https://doi.org/10.1136/heartjnl-2013-305403
https://doi.org/10.3390/diagnostics11030573
https://doi.org/10.1016/j.echo.2019.02.014
https://doi.org/10.1016/j.echo.2021.10.009
https://doi.org/10.1016/j.echo.2021.10.009
https://doi.org/10.1016/j.hfc.2019.06.007
https://doi.org/10.1007/s10554-020-01969-4
https://doi.org/10.1007/s10554-020-01969-4
https://doi.org/10.1007/s10554-023-02874-2
https://doi.org/10.1007/s10554-023-02874-2
https://doi.org/10.1016/j.echo.2021.11.010
https://doi.org/10.1016/j.echo.2021.11.010

	1 资料与方法
	1.1 研究对象
	1.2 超声心动图检查
	1.3 心肌做功分析
	1.4 冠脉造影和FFR测量
	1.5 统计学处理

	2 结　果
	2.1 患者一般临床资料
	2.2 两组超声心动图心肌做功参数比较
	2.3 心肌做功参数对心肌缺血的诊断价值

	3 讨　论
	参考文献

