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Application progress of non—invasive left ventricular pressure—strain loop in
cardiovascular disease

ZHANG Pengying, XUE Ting, REN Fei,ZHANG Jie
Department of Ultrasound, the Affiliated Lianyungang Hospital of Xuzhou Medical University , Jiangsu 222000, China

ABSTRACT Non-invasive left ventricular pressure—strain loop provides a novel method for the quantitative assessment
of myocardial work by measuring myocardial strain and left ventricular pressure. Myocardial work has high sensitivity for the
diagnosis of early myocardial dysfunction, and is superior to left ventricular ejection fraction and global longitudinal strain in the
recognition of left ventricular myocardial subclinical dysfunction, which is of great value in the diagnosis and prognosis of

cardiovascular diseases. This paper reviews the application progress of non—invasive left ventricular pressure—strain loop

technology in cardiovascular diseases.

KEY WORDS  Left ventricular pressure—strain loop ; Myocardial work ; Myocardial function ; Strain

O VTS BE A PPAL 2 75 0 Bl R R A () B A B 4. A2
2= 51 1M 5351 (left ventricular ejection fraction, LVEF) {&.0 LI fE
A PEAL A A, SRR 2 R IR B30 H A
FRIRAE T RESH . ST, LVEF fE S — IR T RES 44 kit
TIUB I, AN BB B .0 ILEh 8 , HL5Z J5 B A (1 52 0 A7
TEARWERGPEY o T 4E B 58 B 0 3 Bl (two dimensional
speckle tracking echocardiography, 2D-STE ) 15 % Fi — 2 ## 75 .0
SR U2 B RH L, T AR BEARE B S M, W] 2
VAT NZE S . WFFE2 26 B 2D-STE RBZE 5 AN 22 2 0 L& 44
FJRFBIIRE , XF 0 LI RE A PPAR UL T LVEF . 4R Ti1, 2D-STE i)
SR AR T 5 MO L) REPPAR FOMERR M . © A RS SIESE
Je GRS 384 0T A R AR E ARG, (EL R AN R e i Th R 2 46
W75 5 S BO B0 WU RER R AL . 78 Sh YRR e v [m] A
UESE 73X —Ws )5 Bt 75 30 mm Hg(1 mm Hg=0.133 kPa) , 22
G N R IR 2 A TP IR s AR TR AR R N i
SO WA SO TE B e 38 T g — W8 PR AR T O 1 A8 0 1 Y

I AT 450

— TCBI A % He 7 -7 B A A S B TS ]

O WU T 2 — R PP A 22 0 LTI R M #T S8, A2 & &
J1=-RE AT BT A, kG T SRS R S, DO LI RE A
fli gt TG R o B SO T 3 DAL RS B JE B T
J7 =P AR IR IV 78 s W B, a8 BE R 1A T o IR
Russel A BRI, #5 T 2 25 72 % . 77 5 2D-STE Fir il (4 1 4%
TEPRARSS & B A % - R A, A Y T AR R oG
P 2 IR S i SRAE S R AT T2
ML B ) 27380, FFAE 18 (M M0 ) 5l J8 3 p AR B0 E
[ ] 328 H1E B T2 2 8 T - 07 728 B 55 A5 0 14 = T =
ARIRHAT RAF IR OCHE X518 7E Hubert 37 BF5E L8 51 17
UESZ,  HEFZEAR T T 2 R0 B X0 WU 2
SN, g LT e R Sl ok AR B A MO (LA AR e
i) VO JIURESE O gy 55 o A OGHIFSE S RS L UL 2 4 Ui
I WEFE R 2463877 (cardiac resynchronization therapy, CRT) J&Z [

FAIH W BT ERHEIT H (201805) 5 3% =ik i 45— A R BR B BRY 7 £ R HRA5I5 B
VEF B 222000  TTHREE = HE T, M R R T 3 2 8 R e P ) (oIS 0 (R e it ) o I8 N R (PR3

W IAER < 3K3H , Email : j6100@163.com



- 538 - I PR A 75 B 2 235 2021 4F 7 H 45 23 555 78] T Clin Ultrasound in Med, Jul. 2021, Vol.23,No.7

) —AT BT 7, AN 2k SR s ks B AE Dy T T
LVEF FI#EEAARZ 1] )3 4E (global longitudinal strain, GLS)M' | HN
ZFE WA R T BRSSP O LS RE T ol SEAY AR

=D WU R SR

O U 1 3 B S 80 - O B R0 LIS $8 51 (global
myocardial work index, GW1) , BV IA — 25 5 4] B — 23T i Y
22 % R 1 - R AR R XN 1 B80T s @3 R0 LA AR
(global myocardial constructive work, GCW ), BA BT AE I
ST AR Ly, RIS 2 300 WL 406 i 0 A5 2 6T 5 B0 TLAEE 4 T i 7
By PN CVE X v NI || e & @] (global myocardial wasted work,
GWW) , $8 ANFI 22 25 55 SR oy, BRIV 4 100 UL S8 4 1 45
5 H7 5 10 LA T A8 B 5 () A0 LA 31 %R (global
myocardial work effificiency, GWE) , TFE AN A 8T/ (B 3L
i+ 031 ) x100% , = WAL BE 77 4 400 30 J& 100 Hp ik o 4 34
o WEERI R B0 L2 1R B R TR S RO, W GWIL,
GCW FIl GWE BRI ., GWW T & i 3, Un5ef 0% \CRT .,
JELJEE T JULI5 A5 5 T i I A 2 A4 TR B 5, GWTL, GCW AT
CWW Tt it it 2%, {H GWE TCH 28 1k

= TG AR B R - 0 A R AR B A A R ) g

Bl 2 0 U 19 1 2 25 30 LR 45 s 1 257500 14 12
Wi ATPEAL S ZE 6 E . Manganaro 25 ST 7E— I 40 A 226 {51 fi
FREAZAR A B0 58 Fp AT AR 00 28 2= GWE IE# {54 96%
(94% ~97%) . it b, 5.0 WUEF4i 1 ELIS 5 5038 , [F]I45
BRSO 3 R N S R R Ui 4 LTk, A2 % GWE I 45
100%., SR, AF5T" & B ITCAT a] 5 Jo 1k o0 OO0 7855 978 B o0 I 8
15 B PR 28 0 i BEAN R 22 % GWE 4 96.09% (95.0% ~ 96.3% ) , 43
LR RN A DR A R e B B L. Ib4h,
ZHARAS B 1 JR) BRAE AR T RE S 3OE R B R AR ML, B A2 = Bk
WUy BRI, Tl B A

SN, Russell 255 57 2 W 18 JG B 268 2 6 - 0 A8 3R 4
APEAL B9 UED 5 PET 5% .0 R Qi i 38 A0 26 (=081,
P<0.05) ,GESE T JCB A % 1 - 28 IR AR 20 L1 24 1 5%
Kol F-Be . [RI, Larsen 2527740 & B0 TG B 26 28 1 1 — o A% B 4%
AR PEAG (19 55 3 0 LA E 5 MRI 45 5 4 56 (7=0.71, P<0.05) .
Galli 55" 4 —TRAH A 115 B g e PR (9 it 55 P A5 0 WU
FIE ' H 2 % 6 Bl GWI 2l (19262247) mm Hg% , GCW
(2224+229) mm Hg% , GWW 24 90 (61~123) mm Hg% , GWE
96% (94% ~97%) ; H L& ¥ GWI M GCW ¥ | T B % .
Manganaro 251 7 — i 24 A 226 151l g B 57 38 % 1B o8 R IR
GWI 5 GLS,LVEF W5 47 & RN {4 42 1m) i 2% 35 4H G (B=-0.23
0.15.0.56.0.19, 3] P<0.05) ; GCW 5 GLS W 4 J& . % 1A 4% 1]
V7 725 R A ] J] Ry AR B4 O (B=-0.55,0.71,0.11 ., -0.10, ¥
P<0.05);GWW 5 Tei 78 5 #H 3¢ (B=0.17 , P<0.05) , 5 LVEF
1M )¢ (B=-0.14, P<0.05) ; GWE 5 LVEF & #4H 5% (8=0.18,
P<0.05) , 5 Tei #6851 AHIE (B=-0.20, P<0.05)

DU TG A A 2 -y A AR AR 1 I HEs P i

Te BN Ze % He - R AR R ARy —Fh B AR B A # b,
AL G T G TR SE I, TSR M TS [ A AR R A
HIGEREE S Z M6 57 . X ARRE TS5 3 = 1A
S SR T B IS R A O T REAR AL, A m R R T A2

"5 SRR L B R Sl ks, S R 1) N R A b R
w1 B KR 7, 2w 0 VAT R 15, J5e 206 S e B i 2K 1)
GWI', FE—E KT, O WL I 5 s B 1, GWLAH R
S, T LVEF A1 I GLS 3 LA B o WIS e 0 TE 4% o
PRSI AR AR, O M4 A 6 R 28 sy 1t s ) S A7 e RN
SN AEE GWE P=LE U o ARAT, A< U0 A0 JOE B0 A 18 fim ]
SEAEMEER N OEREL, A FRAEE RN
Chan 25 BIFSY SR W46 =160 mm Hg A4 8.2 440 LSS A
B TR R, B GLS R B, GOW FI GWW $2 He 491 14
T, GWE B . KM 5 A Re 28 v ] 5 RO WUIR TR, L)
ARG A 22 B K 7 (R B, e X S8 GWIT g 35 8

T A % — R AR PR AR A 09 ) R

JeE U FE S B B B TR R H.20% ~ 25% 15680 B
LI R A O VR MR BT, ORI R IO A2 Wi R 5 B, B
FH & AR O 3h RS W DR 5 5 PR | TSR R e
FEAY IR B, B5 1 R A O WU AE S0 LR 0, vl 630
H B AU LVEF ¥ EH  # QRS N B R RS 8 7w
IRARB 2, Boe 4510 E— TR 44 A 126 I 3E ST Bt 85 B0
WURE BE 58 & B9 b & B0, 44~ BB AR AR Y BE YO DLl 35
<1700 mm Hg% 2 Wi L35 A9 1A 2R I3 AL T GLS A1 LVEF, H.
RPN, SR, JCE 006 Y e LA 2R Y 2D-STE I i 45
SR 8 AN HHAR Y B il BOX — R G i R R IR sk 2y B
FEAE O NN RERRAS, 1M 252 25 S AT A SZm e,

XA ™ R AR B B s (i B S 22 3 R B SEIR B ik o
DA IR2T5%) 1 B, T 2 AN T TR0KT 330 B 00 IEAS R 5
PRl 53504 Z D BE R A A0 WIUTAE ) 1 & AL B2, i
WFF R, 2 GWIHRWIE ) 1810 mm He% , v A %50k il i g
W B BE B B S L LVEF 1IE % (00 08 iR sh ko 78
A2 W SR 92% , R S M R 51%. TR A & B GWIT A
GCW i 25 R A v oz Bl 5 i F8 8 R 900 Lo 3 9 2 S 350 0
WLAN AR AR R BOR S  iX — ARk kAR FE s s
B TOAN A 5 Ty -0 AR I ARG LRSI C JUL T R B A
FLA e v A AR R R0 I A 2 0 UL B Ay T
fEF LVEF fIGLS! 1,

AN TCBIZE S e - R AR A AR AE O IE CRT Ay 1

CRT /& —F0 A 80 AE 259167 F B, a2 24 1.0 ) 32 2
HhrE EN B WA IE B, A 0 ) B R 5
QRS P (>120 ms) B3 (19 PRAE IR L2 = DI RB A B 01 f5 12
SR, WF 982 R WA 25% ~ 35% 1Y 5 5 AN HE M P gk 25 , B
CRTFARJG IR B T2 o CRT I8 A b i 3 T 55 [ 4 2
DG 2T RE M2 M ~ IV %, LVEF<35%, LA & QRS J BERT B>
120 ms (158, A0 H TATE SRS B 1 Aff 0 i I 2 B B f 2522 25
FFE 2R, Z B T e B i 0 S B I e i 5 5 CRT iR
I A A7 SN A A AR S (R Z B AR T4 A B
B WL, DL T BB A5 36 31 H AR O 3R SRR ] . 2= -
Jof AE PR AR AT SR B O WU 5% A0 LI g AL LI 4l
T LR E E CRT A R # GOW B 2250 fEfd e A,
A 9 222715 B DA — iRl ) 25 9 5 2Rl i , DA T 41 o 9 2
AEDRK o SR, 0 1 R B A2 RS AL S BHLA R 3, S T
BUEAS R B 2004, e IR S E IS s M R i B B A=



I R AR BE2p 275 2021 4R 7 H 25 23 455 78 ] Clin Ultrasound in Med, Jul. 2021, Vol.23,No.7 .

539 -

GWE B P MK, it — IR oE 7 3 W, d JC 0 22 % K F1 -
ASFRF A GE PR A GCW & CRT SN A8 20 7 i P4 7, GCW
JEVPA O ST R CRT SN 1A R385

& R BR A B B FH

TeBN 225 -1 A R ARATI A — s JR R < 1 58, O L
AR A A, i — A I Ak, R A R R
H IR T 2D-STE B HERAE , AT 300 LIS 9 52 B EAGAS
FRAR . TR O, BRI sh kR R L=, 417
TE WG TR 7 R — B0 0 s (0 22 3 3+ T EL AR 32 3 ko ™
TR MR, PEAG B0 WU &5 R IR AR, H o4 e
AT R R T AR B R AR & . gedh, 2= 0 AL
WIS HORILT 2D-STE MAS 13T S50, [FFE 2 G T & 1 B
il , LA AR R AR ALY GLS T H (8 15 B A 5¢ s ], 1hi F Al
FH I 12 72 = B A0 U 2 800 Sl GE — F 7 (U
PR B ER A, JLBCE RS MEME R R ilE— 2 g, HBOR R
SRR B IR RERT , T B0 o AT R

g5 LTk, TR AR % -1 AR IR AR TP O L) BE
A BEREWE T o A0 N2, AR — B 67 o7 4R
PERAETE  HJC I 7688 75 I i R AR B, TE B g — D AR
RALKE S5 0 fr B A B 22 B INRESHOT LATE IR LVEF f /S S 34K
N7 AR ) 7 AT AR, fe LA 1) M 20 ) 2 I B R A% LA —FoRT 1 7
N T R EE K, mT O UL BB 04 1 PRIFAS $2 F+— > #7115
B2 A I LS M S O LT RE  HAT T IR Y R R

S 3k

[1] Chan J, Edwards N, Khandheria BK, et al. A new approach to assess
myocardial work by non—invasive left ventricular pressure-strain
relations in hypertension and dilated cardiomyopathy[J].Eur Heart J
Cardiovasc Imaging,2019,20(1) :31-39.

[2] Chan J, Shiino K, Obonyo NG, et al. Left ventricular global strain
analysis by two—dimensional speckle—tracking echocardiography : the
learning curve [J].J Am Soc Echocardiogr, 2017, 30 (11) : 1081-
1090.

[3] Hubert A, Le Rolle V, Leclercq C, et al. Estimation of myocardial
work from pressure—strain loops analysis: an experimental evaluation
[J].Eur Heart J Cardiovasc Imaging,2018,19(12):1372-1379.

[4] Boe E, Skulstad H, Smiseth OA. Myocardial work by
echocardiography : a novel method ready for clinical testing [ J].
Eur Heart J Cardiovasc Imaging,2019,20(1) : 18-20.

[5] Russell K, Eriksen M, Aaberge L, et al. A novel clinical method for
quantification of regional left ventricular pressure—strain loop area :
a non—invasive index of myocardial work [J].Eur Heart J, 2012,
33(6):724-733.

[6] Russell K, Eriksen M, Aaberge L, et al. Assessment of wasted
myocardial work: a novel method to quantify energy loss due to
uncoordinated left ventricular contractions [J]. Am J Physiol Heart
Circ Physiol ,2013,305(7):996-1003

[7] Hubert A, Le Rolle V, Leclercq C, et al. Estimation of myocardial
work from pressure—strain loops analysis: an experimental evaluation
[J].Eur Heart J Cardiovasc Imaging,2018,19(12) : 1372-1379.

[8] Vecera J, Penicka M, Eriksen M, et al. Wasted septal work in left

ventricular dyssynchrony: a novel principle to predict response to

[13]

[15]

[19]

[22]

cardiac resynchronization therapy[ J].Eur Heart J Cardiovasc Imaging,
2016,17(6) :624-632.

Galli E, Leclercq C, Hubert A, et al. Role of myocardial constructive
work in the identification of responders to CRT [J]. Eur Heart J
Cardiovasc Imaging,2018, 19(9):1010-1018.

Boe E, Russell K, Eek C, et al. Non—invasive myocardial work index
identifies acute coronary occlusion in patients with non—ST-segment
elevation—acute coronary syndrome [J]. Eur Heart ] Cardiovasc
Imaging,2015,16(11):1247-1255.

Edwards N, Scalia GM, Shiino K, et al. Global myocardial work is
superior to global longitudinal strain to predict significant coronary
artery disease in patients with normal left ventricular function and
wall motion[ J].J Am Soc Echocardiogr,2019,32(8) :947-957.

Zhu M, Wang Y, Cheng Y, et al. The value of non-invasive
myocardial work indices derived from left ventricular pressure—strain
loops in predicting the response to cardiac resynchronization therapy
[J].Quant Imaging Med Surg,2021,11(4) : 1406—1420.

Hiemstra YL, vander Bijl P, EI MM, et al. Myocardial work in
nonobstructive
outcomel| J ].J Am Soc Echocardiogr,2020,33(10) : 1201-1208.

Tadic M, Cuspidi C, Pencic B, et al. Association between myocardial

hypertrophic  cardiomyopathy: implications for

work and functional capacity in patients with arterial hypertension :
an echocardiographic study[J].Blo()d Press,2021,30(3):188-195.
Manganaro R, Marchetta S, Dulgheru R, et al. Echocardiographic
reference ranges for normal non—invasive myocardial work indices:
results from the EACVI NORRE study [J]. Eur Heart J Cardiovasc
Imaging,2019,20(5) : 582-590.

El MM, van der Bijl P, Abou R, et al. Global left ventricular
myocardial work efficiency in healthy individuals and patients with
cardiovascular disease [J].] Am Soc Echocardiogr, 2019, 32 (9) :
1120-1127.

Larsen CK, Aalen JM, Stokke C, et al. Regional myocardial work by
cardiac magnetic resonance and non—invasive left ventricular
pressure: a feasibility study in left bundle branch block[J].Eur Heart
J Cardiovasc Imaging,2020,21(2) : 143-153.

Galli E, John—-Matthwes B, Rousseau C, et al. Echocardiographic
reference ranges for myocardial work in healthy subjects: a
preliminary study[J ].Echocardiography,2019,36(10) : 1814-1824.
Manganaro R, Marchetta S, Dulgheru R, et al. Correlation between
non—invasive myocardial work indices and main parameters of
systolic and diastolic function :results from the EACVI NORRE study
[J].Eur Heart J Cardiovasc Imaging,2020,21(5):533-541.
Kuznetsova T, D'Hooge J, Kloch-Badelek M, et al. Impact of
hypertension on  ventricular—arterial ~ coupling and  regional
myocardial work at rest and during isometric exercise [J].J Am Soc
Echocardiogr,2012,25(8) : 882-890.

Galli E, Lancellotti P, Sengupta PP, et al. LV mechanics in mitral and
aortic valve diseases: value of functional assessment beyond ejection
fraction[ J ].JACC Cardiovasc Imaging,2014, 7(11):1151-1166.
Brignole M, Auricchio A, Baron-Esquivias G, et al. 2013 ESC
guidelines on cardiac pacing and cardiac resynchronization therapy :
the task force on cardiac pacing and resynchronization therapy of the
European Society of Cardiology (ESC). Developed in collaboration
with the European Heart Rhythm Association(EHRA)[J].Europace,



+ 540 -

I

fh AR P PR 2 2R A 2

0214E7 A4 238578 J Clin Ultrasound in Med, Jul. 2021, Vol.23,No.7

2013,15(8):1070-1118.

[23] Daubert C, Cazeau S, Ritter P, et al. Past, present and future of

cardiac resynchronization [J]. Arch Cardiovasc Dis, 2012, 105
291-299.

[26]
(5):

[24] Galli E, Leclercq C, Hubert A, et al.Role of myocardial constructive

work in the identification of responders to CRT [J]. Eur Heart J

Cardiovasc Imaging,2018, 19(9):1010-1018.

[27]

[25] Vecera J, Penicka M, Eriksen M, et al. Wasted septal work in left

ventricular dyssynchrony: a novel principle to predict respon

cardiac resynchronization therapy[ J]. Eur Heart J Cardiovasc Ima;

se to

ging,

2016,17(6) :624-632.
Bernard A, Donal E, Leclercq C, et al. Impact of cardiac
left

understanding the response through a new quantitative approach

resynchronization  therapy  on ventricular ~ mechanics:
based on longitudinal strain integrals [J].] Am Soc Echocardiogr,
2015,28(6) :700-708.

Galli E, Hubert A, Le Rolle V, et al. Myocardial constructive work
and cardiac mortality in resynchronization therapy candidates [J].
Am Heart J,2019,212(6) : 53-63.

Ol H 191:2020-04-10)

- J5 17 FR ia -

Ultrasonic manifestations of tibial nerve synovial sarcoma:a case report
THEEERBEERI

hELL A 2 BEH

[REZESZES IR445.1 [ XikiRIZFL B

BHEG 418 T 2400 R B AR B TR

(] DT 25 T 2 ]k A T bl AR T ORI AE . A PR
PEATPEAE A A7 B AR N, ;R K BEalti2 . LR R - A
DR Ao 22 R DA B S Moz sl SC it o MRIPFA 7R -

TIE : T IS AR 2 — Rl B RR L 2UMR , T 22 , 5 R A

ARFERG o R T VU G AT AR AL , S ) WA o b U T 2L
G, 2Pn EAUA AL 5% BT 5 IR A5 A O, F AT IAHGRR D3
TR Y IR 18] 58 54 A

o KT AN A T AU L A IR

JE BRSSPI AL BN o e AR s G e -
— MRI¥SSE M2 . Ak TH
DAY SR T iy i 2 5 M RS M 378 i R 4 4 P9 T
R —EFE 2 16.4 cmX1.8 ecmx3.4 cm 1
AR TR 75 el , Ry 5 e etk 300 8 o VR G
TEZS AR, oA DL S A, P T s R 34
ik g 3T i A s T PR b 2 s 2 R IR
T2 S AIMIN =7, R A 28 IS PN <2 A T
6] 75 oK WL 3 . CDFLZR By P T 45 B 3=
WA (1) . AR A P B E
2 28 JE AL SUN R AR L7 M), 25 BRI
PSRRI CEMETTRE. B T HK
BT AT IR A AR WL ph 28 e A1
Ea iy NE = S NIRRT IR T e <)
ik 3.5 emX2.5 emX2.5 em, 548 Bt K
2516 em([&12) o K905 48 IR 4 28 S0 4L 3 25
FF VI BR A% 5 FEAG AL, A FRAR R < A B A
Wy P A 2 2 2 S B AR A AR KB, A
PEHAL : EMA R (+),CD99(+) ,bel-2(+) ,
CD20(-),CD31(-),CD34(-),CK(-),

i e L
B UL

Jips

A BB R R IR TR (7 Sk s PUBRAR IS FHZR ) 5 B CDFTIR KR A =F T B AL A 5 5 C -

PGS BB A AN U, D9 S AN T (i AR [ 75, 0 S A ARG [ 74 5 D+ Ao U1 T s i

TS T 25 1B VR AR R — 20 L S S S 13475 ) I 2 L 2 T B (3 37

Ir A (151 3)

B e v I PR A 1R 1R

(R4 545 11)

AT H R A FHLIOCTH (182102310491 5 3% BFHTT EESF TAE %155 H (18300024 )

i3 BT : 471000

TR 1 B T, T 2 9% B LE B BE e 10 p 4 R B g M) R A



