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Left ventricular analysis and velocity vector imaging in study on
normal references of left ventricular systolic function
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(1. Department of Ultrasound, Peking University Shenzhen Hospital, Shenzhen 518036, China;
2. College of Public Health, Guangzhou Medical University, Guangzhou 511436, China)

[Abstract] Objective To determine normal references of left ventricular ejection fraction (LVA-EF), volume index
(LVVD and global longitudinal strain (GLS) with left ventricular analysis (LVA) and velocity vector imaging (VVD.
Methods Totally 155 normal persons were examed by conventional echocardiography. The needed dynamic images were
stored and then post-processes were carried out by LVA and VVI. The relevant data were recorded and analyzed, such as
left ventricular end-diastolic volume idex (LVEDVI), left ventricular end-sistolic volume idex (LVESVI), LVA-EF by
LVA and GLS by VVI. Results The value of LVEDVI and LVESVI had significantly differences between male and fe-
male, respectively (both P<C0. 05); while the value of LVA-EF and GLS had no significantly differences (both P>>0. 05).
The negative correlation of GLS with age was significantly different only in male group (= —0.38, P<C0.05). There
were no correlation of age with LVEDVI, LVESVI and LVA-EF in both male and female ( P<C0. 05). Conventional echo-
cardiographic left ventricular ejection fraction (Bi-EF) and GLS were both positive correlated with LVA-EF (= 0. 35,
0. 48, both P<C0.01), and the correlation of GLS with LVA-EF was higher than that of Bi-EF with LVA-EF (P<C0. 05).
Conclusion The study through the limited samples draws normal references of LVA and VVI relevant indicators. Volume
parameters are affected by gender and strain is affected by age. GLS is a better index on behalf of left ventricular systolc
function than Bi-EF.
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P<C0.05 HERAGIFE XL,
2 &R

T R P A7 A 3 1 — P TRk B R 0 B[]
SR 1, LVA R VVI IR 8 AR 0 1E #5052,
K1, B2k 5 ok 3246 & ) LVEDV,LVEDVI,
LVESV.LVESVI 2 2 fi G it % & X (P #<0.05),
M LVA-EF fl GLS 2 &% K4 it % & X (P¥>
0.05),

BAEZ K, GLS 5 4E#% 8 51 A0 (r=—0. 38,

P<0. 05) s FE L M Z A0, GLS 5488 ToAH ek (r=
—0.20, P>0.05); B S5 LMz &, LVESVI,LV-
EDVI.LVA-EF 54443 oA P (P 3>>0. 05, Kl 2)
Bi-EF.GLS 5 LVA-EF ¥J & 1F A1 ¢ (r=0.35.0. 48, P
¥1<20.01), H. GLS 5 LVA-EF WM 6 m T BrEF 5
LVA-EF fAH & (P<<0. 05)

LVEDV(ICC=0. 845) ,LVEDVI(ICC=0. 834) ,
LVESV(ICC=0. 828) .LVESVI(ICC=0. 820) ,LVA-
EF(ICC=0.897) ,GLS(ICC=0. 873) 4 N — 1= 5
B (P ¥<<0.05),
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R 1 BAERLNE 2K H — MR KR BB O S S BUE (T
%

pesi AR = NG BMI BSA LVEDd LVPWd
(%) (m) (kg) (kg/m?) (m?) (mm) (mm)
B (n=70) 41.6+13.5 1. 6940. 06 67.50+8. 83 22.47+2.91 1.7740.12 47,7744, 32 8. 00(8. 00~9. 00)
Lt (n=85) 39.6+13.3 1.5940. 05 55.2247. 00 20. 8142, 49 1.5640. 11 44, 8643, 44 8.00(7.00~8.00)
BAR (n=155) 40.5+13.4 1.6440. 07 60.7749. 96 21.6541. 84 1.6540. 15 46,1744, 11 8.00(7.00~8.00)
P{H =>0. 05 <0.05 <<0. 05 <0.05 <0.05 <0.05 <0.05
51 LVM(g) LVMI(g/m?) LAd(mm) Bi-EF (%) E(em/s) Alem/s)
FBAE(n=170) 136. 25425, 10 76.86+12. 56 32.24+3.45 56. 264, 62 75. 44417, 12 58.39415. 90
LM (n=285) 107. 55+24. 35 68. 71414, 24 29.98+3. 38 58. 6545, 22 82.31+18. 61 62.53+18.76
AR (n=155) 120.51+28.48 72.39414.07  32.00(28.00~34.00)  57.5745.08 79.21418. 22 60.66+17. 60
P <0. 05 <<0. 05 <0. 05 <<0. 05 =>0. 05 =>0. 05
5 A(em/s) E/A ¢(em/s) aCem/s) e/a E/¢
WAk (n=70) 58.39+15. 90 1.42+0. 60 14.02+4. 23 10. 08+2. 48 1.494+0. 62 5.69+1.50
Lk (n=85) 62.53418.76 1.4240. 46 14.48+3.85 9.81+2.36 1.58+0.62 5.914+1.45
SR (n=155) 60. 66417, 60 1.4240.53 14.27+4.02 9.93+2.41 1.54+0. 62 5.81+1.47
P{H >>0.05 =>0.05 =>0.05 =>0.05 =>0.05 =>0.05
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PE 5 LVEDV(mD LVEDVI(ml/m?) LVESV(ml) LVESVI(ml/m?) LVA-EF(%) GLS(%)
FAE(n=70)  100.17+24.65/ 56.56+12. 95/ 39.65+11.01/ 22.447+6. 14/ 57.96+4.99/ 20.91+2.16/
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L (n=285) .73+18.67/ 51.62410. 99/ 30.07+8.76/ 19. 2245, 35/ 59.27+5.56/ 21.61+£2.49/
43.39~118.07) (29. 64~73. 60) (12.55~47.59) (8.52~29.92) (48.15~70. 39) (16.63~26.59)
SR (n=155) .51423.59/ 53.85+12.13/ 34.39410.91/ 20. 6845, 92/ 58. 6845, 33/ 21.30%2. 36/
.33~136.69) (29.59~78.11) (12.57~56.21) (8.84~32.52) (48.02~69. 34) (16.58~26. 02)
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T« PEN I MRS ot p LB 2



[ BE A AR AR 2017 4E58 33 %5 1 ] Chin ] Med Imaging Technol,2017, Vol 33,No 1 « 33

Al

23 6] o3 e A HOR &2 0 ik 32 2l 52
Wiy, A i 2 28GRI A% L
AR AR A A FLSE R kL L
fil . AN AE 5 & BRI 0 LA
B3H T EL XS T T e 19
Ei R =N AR v R 7 TR
PRt A BIF 5 32 T b 3k P B 5 9k
WA PR Fe 0 AN RS R IE 7
(B AT R 6 [ AR S 8080 0
B e 7 BT B AR 12 W B AL BE

e PR
B 1 EFERACRMECTE A VVIHICE; B.LVAffic A —E D).

Mg R W, A2 E WA
FE 28 BT Ak X 5 B VA B AT

40r 100 - . e
. o i L AL, DR I AR A 5T X
35 . 2% i 2 AN 2R AT 4B A
P o *w o ke -~ — 80
.-%"30_ o e 000 & 8 o) E AI_UAEIZ,K}\‘G I4VEDVIIEPI%L’{E
E O o, e 0 e ;E (J:26~74 ml/m"; 2. 28 ~
S 25F ee o o @ o 60 2 N N/ N
2 M U}% 64 ml/m®) 4% I, {0 A &= T U
Z20f Smwem® o ——7 2 I (529 ~67 ml/m’; % .
> “0 °O°0 °6 “60&0 (- 40
5o = ° g 24~58 ml/m*); B A LVESVI
wd e ? ® ° E 5 R A [5 . (19 +
I | I I 1 J 2 ! 1 I I i |
'020 30 40 50 60 70 £ ‘“20 30 40 S50 60 70 % S ml/m? ;% (16 +4) ml/m?* ] Hl
(%) 1 (% ,
i (% i (%) HA NS THE. (19 +£5) ml/m*;
o B 566 . . (174 4) ml/m®) ] #%3E; M
- ° JJ e L L " N
0F oo b Ig_fi- - e e Iaj( LVA-EF ik T B A [(62 &=
o o o ~ 5 ~ H -
°-:b ow = -] J = - ° J' [7]
g(’sh - ooa oco 0020 uo = ;{‘ ";O—ooooan o o : “-&‘ 5)%)717 ;H] E[ ZIK }\ [( 62 i
3.60 ,r?,:«: 2° °°° °°° e o @ °° E - o e © O s o o 4)%]’610 @}\ GI4S EJ‘BZK%A
R s R L e P S E NI
55F o e o&wo oc o mgo °° . 2{10_«,“‘ 9@::.,::“0“". mo: e i’gj&{uo ,'é\’ﬁiﬁﬁ%—, j\]:[] EI Z'§
soEY e b oo S [FELE emmbadiate :" o9 Aﬁ?kﬁ*ﬁﬁﬁiﬂ“ﬁ&%*ﬁﬁy
. (e : : . . — — o ABFE O JE 2 BRI 4 D RE T [
4520 30 40 50 60 70 80 '5'”20 30 40 50 60 70 80 KHRRE AR 5 e
(%) (%) » - ez T e

B 2 LVESVI(A).LVEDVI(B).LVA-EF(C).GLS(D) 5 4E % (1) 5 &l

3DE M X F (ZH LA CMR H“ & hr ™) # 1T Meta 4
M % B, 3SDE X 72 0 5 28 BUEAR A9 ME A R A T 48
7.0 3DE fYME R T CMR, 438 B[R Ok — 4
Xof o PSS 303 5 11 R S AR X 0 2 3 S 78 N il R T
P 3DE WAL T CMR 3= 22 00 4 7 ik i 22 51
CMR W & 75 AL 45 L/ 227 3DE AL 45 . 14t
VVI T 4R, v IR T A RE RO 76 B 08 2R
AR IR oI A BAHT i FB B SRR & T

S TRl 22 5 5 B0t AT AR
TAWFEAE A A B HL S b i
B, MR R A O ER
FRCP<C0. 05) M 45 T BE (P=>0. 05) 15 4F #% 5 1k 5
FL5 P e 0 AR B T o (P<<0. 05) i i 4 D) B
AR (P<<0.05), AHBFFREE R HIHIEA —F (AL
WF5T A2 0 2 A AUV AR 8 JC A G M, T BB 2 i A I 5%
PEARA MRS, A AR E S BT GLS 5
LVA-EF fJAH X2 & T Bi-EF 5 LVA-EF 4 % 1
(P<C0. 05) , #EWM GLS [ W Ae 0> 2 W46 1 g i) 1 55 Pk
T Bi-EF. HHCHF 780t 2 07, 1 A8 4% H AR AT



.« 34

o E BE 2R R B R 2017 4E5S 33 #2551 8] Chin ] Med Imaging Technol,2017, Vol 33,No 1

& IRSF I 43 BOE 5 04 B MO L) BB AZ 45, TTRE
GLS JZ I 76 0> 5 4575 B (AR T BE L 1T Bi-EF X 1
YU B O R 0 12 A0 WL BERY T Rg .

AT 1 ey BRAE - O pl I R T AR BRI AU 4 Py
—BOEIEAT T WFGE IR W B 4 E] — B0 s Q AR =
HrfUO AT FLREAS AT B L R O AR Al R A P
PEATAH ST B RFEA B 3 & LVA I VVI M G5
T 14K B 1

i LTk ARGl A A BR AR AT T
LVA Fl VVI A 5 $8 45 1E % (8 . b A5 RS 802 10
SO o o AR S B2 AP AR S 5 O FL S RS R R B
1T Xt R BB — R, A, GLS B L4t
7 S BRORE T L b S R e 0w AR T

[ 5% 30k ]

[1] Kraigher-Krainer E, Shah AM, Gupta DK, et al. Impaired sys-
tolic function by strain imaging in heart failure with preserved
ejection fraction. J Am Coll Cardiol, 2014,63(5):447-456.

[2] Bhave NM, Lang RM. Evaluation of left ventricular structure
and function by three-dimensional echocardiography. Curr Opin
Crit Care, 2013,19(5):387-396.

(3] XUvk, P, Liaks . ZLESE 68 B BUR B AR R M & i K
BHELLELAR T OIIH 6. TETEESGERF R
#%,2016,14(5):549-552,555.

[4] Yingchoncharoen T, Agarwal S, Popovi¢ ZB, et al. Normal ran-
ges of left ventricular strain: A meta-analysis. J Am Soc Echocar-
diogr, 2013,26(2):185-191.

[5] Takigiku K, Takeuchi M, Izumi C, et al. Normal range of left
ventricular 2-dimensional strain: Japanese Ultrasound Speckle
Tracking of the Left Ventricle (JUSTICE) study. Circ J, 2012,
76(11):2623-2632.

[6] Fukuda S, Watanabe H, Daimon M, et al. Normal values of real-
time 3-dimensional echocardiographic parameters in a healthy Jap-

anese population. Circ J, 2012,76(5):1177-1181.

[7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

Chahal NS, Lim TK, Jain P, et al. Population-based reference
values for 3D echocardiographic LV volumes and ejection fraction.
JACC Cardiovasc Imaging, 2012,5(12):1191-1197.
Dalen H, Thorstensen A, Aase SA, et al. Segmental and global
longitudinal strain and strain rate based on echocardiography of
1266 healthy individuals: The HUNT study in Norway. Eur ]
Echocardiogr, 2010,11(2):176-183.
Thorstensen A, Dalen H, Amundsen BH, et al. Reproducibility
in echocardiographic assessment of the left ventricular global and
regional function, the HUNT study. Eur J Echocardiogr, 2010,
11(2):149-156.
Biaggi P, Carasso S, Garceau P, et al. Comparison of two dif-
ferent speckle tracking software systems: Does the method mat-
ter? Echocardiography, 2011,28(5):539-547.
Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for
cardiac chamber quantification by echocardiography in adults:
An update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am Soc
Echocardiogr, 2015,28(1):1-39.
B, Sy ARTD . SCHRAH G R A LA . S BB R 4%, 2001, 8(2)
157-158.
Ruddox V, Mathisen M, Baekkevar M, et al. Is 3D echocardio-
graphy superior to 2D echocardiography in general practice? A
systematic review of studies published between 2007 and 2012.
Int J Cardiol, 2013,168(2):1306-1315.
Stanton T, Leano R, Marwick TH. Prediction of all-cause mor-
tality from global longitudinal speckle strain: Comparison with
ejection fraction and wall motion scoring. Circ Cardiovasc Ima-
ging, 2009,2(5):356-364.
Cuspidi C, Facchetti R, Sala C, et al. Normal values of left-ven-
tricular mass: Echocardiographic findings from the PAMELA
study. ] Hypertens, 2012,30(5):997-1003.
TG, PN ST, PN 2 . = 4R B AR R R T A 2 KU G
B A0 = WaE Y. b B R TR, 2016, 32 (8):
1218-1221.
PR, 2250 AT AR, 45 SRR AGE PR B R TP M 2 BB AR A B
H L0 O WU DI RE . h A ASE AR 56T %, 2015, 12(5):
308-311.



