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£ (P>005); S et , @5 LM FRAFRANSR L ERT AT FEaa £ THEREANMAE,
AT AR RS A A A AT TN (E) EALEA L) e i F oot FF RSN,
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Monigomery , 1988; Spiering et al., 2003), EHit, £
Tl 7 A 0 L 80 0 B A L T IR A o
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Zo o % Cleft ventricular, LV ) F 56 AW 5 8045 U 55 5L 0] b2
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REZ P A R A% A A, T A 2 A5 o DU o 2 8 R % T A £
X (B %.2021; WK %, 2015; Rodriguez Muiloz ot al.,
2015) . P, ARWEGER] AT VEM SEA 0 H AT o 7 kR
3Z o) ) 0 A K P A AT T N,
i 0 9% K A2 B BY $R AT 000 WE &S Ha R xh i 2 0, LU
3 a0 I S5 1R PP o L T O LR 3 L T U L R L
BRHF R LT A,

1 WRMRS5HE
L1 #piietf
RIFIERREN 198 FM 202 ELFREMER
T okEE B B a4 PR =5 4 im B A R O — IRiG B
AU L, Mg m=24 b, BIF19KER
43z s 27 100 A2 W S Gl T S 1 £ o wF HLEL L B A AR AE O T
T MUGES M <3 b HEBRAR o o 00 A7 05 0 R
SRR FTSGY A NS, MHRRE
TR . BH SR DERESELZR (N, RS
B TR R E B AT A & B2 (2021-15) 4t
HE . ORAR BT AT & 55 35 09 A% il Sy (6 A, {62 B 5 B g
6% 0 A 445 900 (o] 1 RE i 2021 4R 4 ZE20224F 1 A MY
LV TET R IR SR ERET.

¥ ESHRENFEFREELENR
Table 1 Basic Information of Subjects in the Athlete Group and
the Control Group M:5D

4t L R in=19) 2fM(a=19) P

HE Y 25164370 2426%2.16 0.370
kg 64,13+ 554 6021 £732 0.071
& E/m 1.68L0.34 |66 049 0.135
BMI ko ) 2281175 21861237 0217

i BMI, 4 48 4 body mess index)

1.2 Wik
1.2 A Fals

ki R T T 4T A U 0 S R
1781 body surfoce area, BSA ) .BMI &5 3k H ( diestolic blood
pressure, DBP ) W &5 Hi ( systolic blood pressure, SBP ) B
# (heart rate, HR )5S 8,
122 MW A ot

B A #R 2 W0 % (Aloka lesendo 880) 8 & 7 &
(Hitachi Aloka Medical Lid., H ¢ ), B # M % 50 4 52 05
S12) B4 M o AR ACAT VPM SHET . BT 2 RE
WL MR EREBEMAT A — A RREY
Rt . a2 5 ) L Wt SR 0 08 o UMD 0 L
BG4 WO 00 W) 0 0 B 1 N 0SS 24 b 22 19 VAT, o BiLER
£ 30200 0 o AL A 4 e K

1221 W

AT AT W R LR Cah e
FRFLMEE F T, WL =50 E ) A
M 5 AT o A R R o B0 e SR WA M 42 Cleft ventricular
end-diastolic dimension, LVEDD) . 72 L % 8 il 20 %% (left
ventricular ejection fraction, LVEF) | % [i] W &F 3 & 1) /% o
{interventriculur septal thickness in diastole, IVSd) . 20 %
G WE #F 9K 5K )0 15 I ( posterior wall thickness in diastole,
PWTd) A0 32 0F 5l 3 W B left ventricular end-diastolic
volume, LVEDV ) | 7 A % 87 40 4 4K (left ventricular froc-
lional shoriening, LVFS) | 72 0 2 i 4 K WA 32 # (left ven-
tricular end-systolic volume , LVESV) | i 1 4 L3 it ( stroke
volume, SV ) , x4l 44 1it ( cardiac outpur, CO ) : 2) 8 &4
% i fit { left veniricular mass, LVM ) , 72 .0 % B Bk 38 35 Cleft
veniricular mass indesx , LVMI) #5255 88 BE I ( relative wall
thickness, RWT) ; 3) Gl Fil Bk # 2 # B 4 7 4 6 1 fit — 2
i O &F 3 . MA Cpeak early diastolic transmitral Aow velocity.
E #§ ) B8 W ( peak late diestolic transmitral fow velocity . A
At ) B R AL O O DO R (0L, H EVA LR
1.22.2 VFM

Tt 20 5 R0 LV L 5 = AL O 8 (B 1 R
.4 5~8 mHz B AR FIRER . )ekE L4
L Bl B AT A AT, B 2 1 B R 0 QRS B BEFE i S
Bil., EAHBET . E-%MBT 2 cm it —FEEH,
15 2 — 4~ oL s 0 WA e (] — 6k et S (P8 1) L W RR )
Wi. 2) PESEA Lo I | R BUFT BR O 4% 20 0 0 R L0
(V1 Z 9 b 4T 7 800 B O 2 0 ) AT S (V2. L B
SC 7 7 R 0 — o % B ) R S Tk 1A i et A BT E R
EMERRMNESBE LY WEBGE N B A s B A
AT 09 R A B R LY AT . Fa B
VI V2T REFENRCBERNR, £ 24 Fm
b N 3 9 NG S ik A G 9RO 38 0 O i i L D 0 G A N
(17 1o O R A O 18 . 3) 46 LV AR AR X ( region
of interest, ROI) 40 4 4~ QIR (£ LV LR SIELF L.
Moo 2R 1 o oL 3 20 R < S Ik O AE A Ak Y B 1 AT 2R A
ROLSF B2 M 4Y 3 BT 3 — 2 9 1 B AR AY P s Ak
FEEHF ROTS B F MM 4) MR AIAY 4R R4
305 5L 0 I i B (AB) L 26K BB IS BL(PB) . LSk
Hif B CAA ) L 52 8 05 B2 CPA) ( Rodriguez Muioz et al.,
20050, LA TE kil BN E R e M (P 2

ACTE AL A 08 B R SE IR O Y O < 1)
Fp et @)%, VL V2 IR o S B T L A4 BD XE i a0 oY
S o S Ay Y O O R BT IR 28 T
A S0 e T 0o 2 O MR 6 80 A A 2 8 [ AR
Vb M bt el e ) AT S0 5 2 D R K %, L
AP SRR E R S TR, 8 T
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CIRTTRE) 200 4F (o4 2 ) I 10 W)

It 8% A0 1 L0 LV T LY M 5 LV T Y e R
Si i BV it B ) 4 o 4 08 Kb itk AT 4
123 i

J7 4 14 e 7 Bk 34 L35 B AR ofE 38 (ML SD) B, B
) Shapiro-Wilk 42 4 43 97 B 47 1% 4 40 dik 0 0F 25 4 16 44 0
(P=0,05 7 iEE 746 ) ;35 5 5410 I EE 40 Al He 8

LR (1]

M R MR R EESS T
F) e (e R O 2477 ) H Mano-Whitoey U252
CAETE AR 4345 ) o 0 2 WU7E fik IF 25 43 45 09 B 98 % ] Pearson
A % 4+ b7 , 75 W R JH Spearman 4] £ 4HF T % B 2 M
ittt P<005iAMEBRAMITEERL,

VI ARSI, = R 0 Sl VI SRR, Al A R S s VEM AR i RS A R A S T A,
i Tl F dyde JE AL LA # & A (lef atwinl ) LOVT A LV L Bl , RR A — - 2b ] M,

B - A R
Figure 1. Time-Flow Curves

ARG IR e ARETIL
{PA) [AA)

A AR G iR AR
[} (AB}

E: E4RMO4TRMTR
Figure 2, Four Quodrants of ihe Leli Veniricle

1 &R
2.1 b akdEA bk

MHZRAEOM MSBP R ERITEREL (P>
0.05) 5 45 41 IH £ 4H He L 5 h R ELLAY BSA H W HR . DBP i
fit, B R HA IR L (P<005)(F2),

)l i

(C)1994-2024 China Academic Journal Electronic Publishing flouse. All rights reserved.

22 WAL 3 A Ak et

b % I SH O b L S ) B B A 60 A TVSd . LVML . LVMI
LVEDD .LVEDYV .LVESV .E .E/A .SV .CO Bl K 2R
BT E L (P<005); PWTd . RWT ,LVEF ,LVF5. A
NEWUSHEAFER(P>005): S BSAKIERS, Film
LVEDV #1 8V {45 8t +F 4 L (P=0.02, P=0.03) (3},
W3 R GERH AR RARECEILESEEE
WRMA A3AENACHERMEN.CHERE (LvM
Y RWT IERE, RPHI T (o BER SR E M) .
23 Ao¥ ARkl

B AL — e 1B 0 0 00 Lol ) B S B R R B B
% B MR B 1 . AR DR T 0 R ME B IR B (VL ) I 3R
W IV w2 ) £E 25 L0 5 B AR I BEC AB ) = Sk MEHIT o R i
00 MICU 0 0AE o oo 5l R0 00 o 500 0 ) S L AT DT
$ETEL-BEMTh, MiEE LRI E R (PB) TR S
A i) 2 B 1R G 00 S B e N N IR S NE &Y R E
CEH 4 ). i sl B 5 e I EH 32 30 1 VL. V2t 04 R T
M A A AN R R (P>0.05) : iRl

hitp:/fwww.cnki.net



BT, o IR AR B A P U U % A R Al Y 2L LB AR RE AL

Xt e i ] 09 2 B A TR BT R L (P<0,05) (#4). V2-i il 4k h 5 LVEDD LVEDV #I SV B iE#I £ (P<
24 A UERRAMEFRAE Stk RadRiEeo A0k E  0.05), T IR 32 50 00 % 904 K T b 6 1 (] 5

o ¥

LVEDD .LVEDV RISV X B HHIEtE(P>005)(#5).

il 0L 4 3 3 i 2 B 4 003 b 0 i AT

%2 EWHRENNMMATSFEWRELE

Table 2 Comparison of Basle Indlentors between the Athlete Group and the Control Group ML SD
it i 5h Wi (a=19) HMEp=19) P Bt o A ik
HRA S ) 66,68 6,58 TiARE (1M 0.022 R
BMI/kg/m®) 22814175 21.96£237 0.217 Mann-Whitney Uk i
BSAJm’ 1.81 20.08 LoT20.97 <0.001 fTd
SBPfmmHg 12.6819.14 1184154 0.732 -
DBPM/mmHg 66.79+7.39 75.5847.26 0.001 TR

B3 SRR S AL AR P B D 4 B e
Table 3 Comparlson of Conventlonsl Echocardiographic Parnmeters between the Athlete Group and the Control Group M+ 5D

0 it 3 J 41 (n=19) oA #L (1=19) P Wit o
RWT 0.374:0.48 0.37:£0.45 0.795 Mana-Whitney U br &
LVM/g 152.42427.79 117,64+ 22.26 <0.001 Mana-Whitney 0 #xi
LVMY/ g/m’) 8445+ 15.45 7024+ 11.26 0,003 ek
IVSd/mm 9224097 8.17+0.87 0.001 ek
PW Tdimm B.76£0.79 849092 0,342 i
LVEDD/mm 48712277 44.41£2,55 <0.001 Mann-Whitney [/ ¥ it
LVEDVimL 111634 15.02 892141136 <0.001 Mana-Whitney 0 b
LVESV/imL 345391750 27631843 0.008 Mann-Whitney [ #riE
SWimL T6. 7410945 61.58+8.57 <0.001 e
con 5.012:+0.78 4364123 0.029 e
LVEF® 68,942 3,56 69.29:£6.34 0.834 iR
LVFS™% 19.0843.53 39.00:+ 5.02 0.956 [y
E/ems) 90.76-+ 15.49 79.68:+ 13.46 0.024 Mana-Whitney U i
Adlemis) ABATE 1164 451141223 0871 g
E/A 1.95+0.46 1.68+0.34 0.046 1
050 o L I hie
0 A ML il i o 2 ok B ) B 0 G R A O E SR
& pas| EFT AT b T, AR L, S wh B S0 LM B0 LMD
E . EL A F F ok BRAE 30 B 0 PWTA 67 40 , 6
;M PR D it 12 mm, 2016 4 3 Bl 8 A L 5) ¥ bb £ (American Soci-
E ety of Echocardiography . ASE ) B1ECH Lo o 9 B 4R 6 & ( Eu-
.E oas| ropean Association of Cardiovascular (maging, EACV1) % 4§
A o T I U ik I LR RWT B LVM L
030} seo w0} 65 M 4 g 4 26 TE B 554 (LVM IE B/RWT E 4 ) .

Aot M AR (LVMD/ (g

B3 R O R A L AR S
Figore 3. Distribution of Left Yentricular Structures o
Subjects o the Athlete and Control Groups

ﬂﬂ:ﬂﬂ G000 !Djlﬂ IDIII.'Dﬂ :IEEI}.W ld-li.m

1 JE J5CCLVM B0 0/RWT 80 A0 ) | 9 L B R (VM S
RW'T 1586 ) i - ¥E TR CLYMIE RERWT S0 ) s RWT >
0.42 BEIA 949 K ; 58 #E LVMI(LVM/BSA ) > 115 g’ 018
LVMIL(LVM/BSA ) > 95 g/m’ 8 1A 25 LVM 3 i ( Lang et al.,
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CIETTFIE) 2023 5F (V43 42 ) 15 1o 00

2015), HE 4 Sk—40 ok A O AE Bh B B AT 4 AR it A
oL 5T JLAT 5 F4 76 TE W8 0 g, (AT 3 48 5 1) oo K 308 L
PR B P 30, K T A kR AR — T R S DO S A
(>70%V0,,, ) # WA & (20% ~ 50%MVC ) HI&Y
£+ 0935 5 3k — 00 EL4Y AT 3¢ Levine et al., 2015) 4R
o A = A5 38 S0 Lo LS 85 7 0 A, o S L L 00 I L2 B A
) i % FEL 7 PR AIE ( Kovaes et al., 2016) . £ BSA HEIEIG,
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Figure 4.

Blood Flow Yector Plots of the Athlete and Control Groups
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The resulls indicated that the cross stress adaplotion hypothesis and the antngonistic siress hypothesis explained parily relationship
between physical exercise and psychosocial stress. There were dunl mechanism systems of physical exercise in affecting
psychosocial stress, i, e., the HPA system can promote habitual adapintion of the siress response system, and the neuro-immune,
emolion, physical finess and MGBA system can increase the posilive states of the siress response system. Based on the dual
mechanism systems, the following physical exercise programs were suggesled: Yoga, Tai Chi, Qi Gong, outdoor walking and leisure
sports are recommended to relieve greater psychosocial stress; long-term regular high intensity and high amount exercise including
endurance, resislance and HITT were recommended 1o increase the adaptation of psychosocial stress,

Keywaords: physical exercise; pyychosocial siress; cross strexs aodaptation; anfagenisiic siress

(LRETIH)
Evaluation of Left Ventricular Eddy Current in Elite Female Ice Hockey
Players by Using Vector Flow Mapping

ZHANG Jianmei', BAI Meiying', ZHANG Ruiping', YANG Ping’, FAN Yudong"
{. Sports Medical Supervivion Research Center, National Institute of Sports Medicine, Bejing 100061, China;
2. Rehabilifeiion Department, Jilin Sporiz Svatem Sporty Traume Hospital, Changelun 130022, China;
3. Postdocroral Mobile Satien of Sporis Science, Chengdu Sport University, Chengdu 610041, China;
4. Cardiovascular Medicine Department, Emergency General Hospital, Beijing 100028, China

Abstract: Objective: To explore the changes of left ventricular vortex in elite famale ice hockey players whoe conducted long-term
high-intensity exercise training. Methods: A towal of 19 elite female ice hockey players (othlete group) and 19 healthy young women
{control group) were examined by transthoracic echocardiography, the vector flow mapping (VFM) technology was executed to
calculaie the rotation direction, position, relative duration and relative size of the vortex ot the early dinstolic phase (V1) and lote
disstalic phase (V2) under the epical three-chamber view. Results: 1) No significant difference was observed in RWT, PWTd, LVEF,
LVFS, and A between the two groups (P=0.05); compared with the control group, the [VSd, LVM, LVMIL, LVEDD, LVEDV,
LVESV, E, E/A, 3V and CO were increased in the athlete group (P<<0.05); standardized by BSA, the significant difference was still
observed in LVEDY and 5V between the two groups (P<<0.035). 2) There was no significant difference in position, direction, and
relative size of vortex at V] and V2 between the two groups (P>0.05), howewer, the relative duration of vortex was significant
different al V1 and V2 between the two groups (£-<<0.05). 3) The relalive size of voriex at V2 was highly correlated wilh relative
size of vorlex at V1, LVEDD, LVEDYV, and S5V (#<<0.05). Conclusion: 1) The cardiac structure of female ice hockey players shows
normal exercise adaplation, the cardiac systolic and diastolic funchions are good, 2) The duration of the left ventricular diastolic
vorlex in elite female ice hockey players is prolonged, which enables the fusion of multi-directional blood Aow without excessive
cacrgy loss, and increases the left ventricular volume wilhout significant increase in filling pressure, The abovementioned changes
are conducive to ventricular compliance and diastolic function, and helpful 1o ensure the return blood volume under the condition of
average working heart rate (WHR) =90%HR_ ., improving the cardiac ejection function and benefit the muscle energy demand
during excrcise,

Keywords: veclor low mapping; ice hockey; variex behavior; cardiac function
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A

i I oI e Tk aiia b 1 A (lef ventricular, LV) -G BE M ¢ T RS A FHIE, k0538
FhkEH A7 LM FESHT 26 5FBEHN 24 St QA HFLarl AT CcHENL
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A0F WSS i f0l ) & |, 63 i) & - B 00 WSS 5 LV fh b 5 St dodil Mo o 40 st 3 S Fokskiz sh i
MithdhiE g B AR S LV oA h s A e, BRI ST v E
LV mass index, LVMi) & - 8 45K A 805 A2 48 2 ( LV end diastolic volume index, LVEDVI Jde & - T A LM ER
54 (LV end systolic volume index, LVESVI) 2 5 & T &b Jt o e fn , Ao #f o7 88 B AL 48 3 (relative wall thickness index,
BWTi) 3 F6 T Ak o M4 ; 2 )08 bid A o ), 42 3 Jo ok sk i 55 ) F O 80 % 2 (apical lateral, ApL) ¥ WSS 2 3
i T i g s 0 (P=0.029) ; Mg A M, 40 K ST ki 54 3 ApLUP=0.005 )40 F 444 & 1742 (mid inferolateral, MIL; P=
U.008) & WSS £ H48 T840 i, 5 08 5L (mid inferoseptal, MIS) &) WSS B 3 0% F--ifl i2. 50 if (P=0.027)4=
A AT N A (P=D.046) 3 )t ik M A ApL ¥ WSS 5 RWTI X5 fi 40, 50l S A 2 FEdat i A% ApL #=
MIL # WSS &5 LVMi LVEDVide LVESVi £ 3 0 402 MIL A= MIS#) WSS S ol SR T 2 H fidud, s )RAL
Fidp g MLV A i & M s M I 2)id s MR & el 2 Pl b
P IR e LA A A i S R R A ) A WA B BN R R T A 4 D I oo N AR o) o B Sh G SR AL B e
HoL i, I 2 R 8 b B o0 N A WA 0 AR Al

SR e nh e T 9 LAY A R T A M At S A AR ]

5 #8  GRO4.5 TR IRE - A

32 B o T O 0 4 0 206 B A UL 4 0 B 960 U
B 11 30 3R 9 A oL T P Ol L A S AT A A
YEME (D" Ascenzi eval., 20070, oL E SR X B L 450 S 4y
R o UL o S P9 0L G 1T 1) A P08 B 08 5P  Aevils-
son etol., 2007) . 45 BLEEC UL H A8 K 8 220 (left
ventricular, LV ) T 04995 (41, 15 0 . i 8 B0 Lo LY B4 S
A R B S YA e PRI P AT, SRR M
BT BAEE B R do vt am ) B AL E e 9 T Ak ) LY S
A SR VR E ) D B AL B KB D A
cenzi el al., 2020) . (V)R FE 8 0, B BT GBI 0 I
T A 0 A U L A T R ERGE B e e
H 0 LV 0 A W SR  c E A J SE AL E UER o dik
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( Yang ot al., 2023). FL e b 09 &F 36 I L 35 5 ) RpEEud @l 5
LV &F 98 3 W0 v 48 | 3 B 2 A U b Bk el 2R G, ) e o
P T UL o F v ER A5 8 BY OB v il 90 Bh o A ME S F
AR Ve (IR 3, 2023), SATE . LV L8P L BEED
oL M 5 0 D S R A 0T BV RR O (M B A BRI

W E A 2024-02-05; WEATEM: 2024-04-28

MR : FHE R S W R 2022 YFCI0102000 : B4
B FHE SR SR (20222Y DODSY)

S —FE T BN 1986-) , B, VR, W, BRSO i Aris B
Lo LA |, E-mail : yangpingsmoud 163 coms

w0 AT s BRI 19TS-0 ., R W R
oL L Y S AT WS 70T L E-mandl 2jm 13071 | 568066 163,

Lo,



B, e SR U9 CID ot V0 O T o i ot L o Y B it T A M

aF 0 UY 410 62 1 Cwall shear stress., WSS ) I8 I 40 0% T
5 #0544 10 P A HLANLRE A7 BRI Ay o T T e
A (hatoni etal., 2017) . EEMRET LvLINEYEA
F S0 bl ), A DR 00 e G A e e L)
A4 tin 7 188 3, ¢ Eriksson et al.. 20160, {24 L& 1 41 22 40
( o a9 e i ) A 98 S 5 e, P 20 ) LA S ) 4 B
A JUL B S 4 0 RS AT 3 i R Y A Y 3 TR A Bk
IO 158 A0 TE: 00 400 0 vty 3 280, PO JUL AR £ 4 L 8 55 WLEF
HE L (Ferrari et al., 20190 ¥E — T Lo JJE T 5 48 K e AL
SFHEL WS P R, AR 0Y LV BB KE & B LV T M
000 8 D L L e o e o 0 M R, ik T T ME N
g A5 35 i BBt JL 5 w0 DL 40 Ak 00 B 2 04 ( Tahir et al.,
2018), BN, 31355 Bh B L0 WECo B P 1 BEAE WSS G W O
TS B 4EAL | 7T L4 T B S fk O LT SR db R &,

it 34 1) ik AR 4R ( vector Mlow mapping, VFM ) 2t — i i
F T i oL B P9 i 3 A S R 0% A KU A LG Bh B R
( Stugaard et al.. 2015), 3 T34 S48 iy 8 70 BE 5 P 0 4
A B M5 | AT LA A T AT 0 R 10 A i 0 9O 3
il i &4 HE 7 - W E P20 ( Navier-Stokes ) 77 #8445 0 1 {7 B %
$it 4 #7145 B ( Tonake ot al., 20170, Z&TBE 5 02 f &
£, 30 B AR 6 VM R Ll & R G B R
12 9 a9 6 3% AR 35 T 0 @) 4 4 b AR e L Bh R ) 45 4R
F A% LV 5 4 #8341 (intraventricular pressure, IVP) #l 47
Bt ¥ WSS ( Nakajima et al., 2021), T VM HAR M wss
O 48 5 T 0 0 o 8 086 L EE R 5 56 3H J00 ' A
% 5 B A 5 Rl A0 ILTH R 8 ( Arzani et al.,
2018;Ji et al.. 2018 ; Meng et al., 2020)

AT HL A A VEM B A TE 80 I 4k 1K 7 4o T ok BRAE B B
L BB P 0 BAE Yy L %) AR N AK - F L kiR
B A LV 858 #0 IVP MR HTTF 4545 B i WSS, LU SR E
EATF WFSE B 1 )40 7 ok sz 5h B Lv 4 B4t WSS 5 e
MEANFERFHER D)VEE WSS LVEREYN
N B A - AR e . WETTEY BL BT 29 4% 00 A7 dle i &5 il
i oo HEE P Y B ol 9 7 B G B DL e B 0 S AL
) 408 4 0 4 G, Ml 07 58 D o MUK el 4= B 4 4 I S
Je e AR St A e B4,

1 BEMRSENE
LI SRRt i

AL 18 L A A 27 46 AU T 2022 4 4 0 S 4E
HE 4 04 6 75 2 T vk i s 08, 00 & 0 N 2R3 95 BAch
$0 009 b0 G GE B B MR T A o S B T e
oYV 00 B 01 9 ST S 0 Dk 0 G A A i 3k B
WYES I T AT S AGHE: 1)20~30 8 & Ltk 2)
7 2R Y A S A PR A 3 ) L EES g TE R A
. FEBRATRAE - ) MEEEAT W L He A L E N

hE%IM  hitps//www.cnkinet

TUE 20 S 1 A 00 R O o o o2 ¢ 2 ) 7 - 50 D O L i
3% 030 oL INE DN 8 95 0 o E Y BEVE R MEGE SR HRER
P 440 M A A 2 0 1 2 Wil 3 LA 3 2 R NE SR
IG5 o AR A 77 2 A LN O A R R F kR
iz ) B 5 0 A 1R UN 6 S Y LV BV ol o B ) S R OE
7 22 7 e 0 ek T 4 o 3 40 AR 0 il A T —
ot v g3 gl Bk (NS S PR K T 104, A 2 4 ] AN o )
A 20 b S A K 95 Bh DLER , B A B Oh B = Y
ok B B B (UNERSE PR/ T 10 58 | % 2 4 65 ) 0] 0 i )
F 20 h) 4 A0 3 ol 6L, T B0 0 46 A ) {6l 6fE 4 1E
A G B S L, 3 8 R SR B (K 9% a2 3h
(23.894+3.50) %  WlliEw) B 81(22.81+£3.01) % R EERT
M41(23.961237) % | EB FEE R (P=0314),

AR S E BT LR E S KRR AT ERER
£ (2021-15) LA F 472 0¥ 1 2 2 W i 5 & 45, W
BTSSR FERTH., CEEFARNSET . F2021%
4 A —2022 4F | F) 56 00CoNEBL RBP4 , 5 5h T Sl i) R4
FE AN S0 Bk B H (VN8RS 24 b2 g ) 2B F7 . &R BE AT B ER
2l 0 A0 e 0 R I
12 240 B -7 M 4

e L 206 [ 4 741 Lo ) (%] 2 45 ( Ameerican Society of Echo-
cardiography ) 3 3% 0% 7 #% ( Lang et al., 2015) , { Fi 8 i
i ALOKA LISENDOS8O0 #1 UST-52105.C- R & (H 3 . B
AR AT ) b0 B LT 4 3h BB A A, R B9 2 60 He,
U VEM BA R RN LY A= =G e =
Ht cinloop PR . 00 KR 3 A~ Co 5l RE 649 LV B, B 06 — k2
{0, 4 1% B AR 00 7% 28 WE 4% ( Nyquist ) 8¢ PR LAWK 40~ it 4% 1
S VEM g LY LB A i B, BT ARG
FIESHE—-GSRFEWOEARA RS, W50
¥t

0 AT ALl Y 4D 45 S 3 A B 2 (8] W LB (interven-
tricular septal thickness, IVST) | 720 55 &F A< 79 8 (left
ventricular end dinstolic dimension, LVDA) , 28 L 5 8F 3k # )Y
I 8 LI { et ventricular posterior wall thickness, LYPWT)
260 M 50 A WD 4 2 (el ventricular end systolic dimen-
sion. LVDs) %% & 5K 4 W 5 8L left ventricular end dia-
stolic volume, LVEDY ), 25 oL 58 045 o 15 R ( left ventric-
ular end systolic volume, LVESV ) 5 ¥ 1 4 8 il ( cardiac ou-
put, CO) . 3 Hl & 5 U8 IS I (relative wall thickness,
RWT) : RWT= (IVST+LVEWT)/LVDd ; % .+ 5 B fit ( leRt
ventricular mass, LVM) ; LVM=0.8 X 10.4% [{IVST+ LVP-
WT+LVDA)'-LVDd'] +0.6. # KL b 55 & SOk LA ik &
BT % 30 4 %% (1) 86 K JEF 41 B ( interventricular sepial thickness
index, IVSTi) M%) 48 48 J50HE 46 8 (relative wall thickness
index, RWTi) 24 L5 8F KK W9 42 3 % Cleft ventricular
end disstolic dimension index, LVDdi) .2 OB 8F T EMIE
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CIETTRIS:Y 2024 55 (V44 420 35 5 00

0 J50 1 45 8% Clent ventricular posterior wall thickness index .
LVPWT ) . 22 0 5 045 A< 3 14 42 418 8 Cleft ventricular ond
systolic dimension index. LVDsi) , 72 L 5 M fit f 8 Clen
ventricular moss index, LVMI) ., 25 04T 95 A 00 8 8406 B
{1eR ventricular end diastolic volume index . LVEDVI) . #% d»
5 g 85 A 0 5 FR 4 B% C left ventriculor end systolic volume in-
dex . LVESVi) 1L 4 tH it 35 8 cardine output index ., C1) .
13 & F VFMt4 IVP fo WSS 404

e FALEHL VM K {0 R 77 Gl 0 70 ] 19 7 o, i 3D Py

IWPDImmHg/mm)

SHET . EHEFRMFESSRLVONBELR . BEAH
360 W S o B R W W MRS R TR LV o 2 ) AR
R A e REEL, A T8 JE 46 00 S FEER A B I — L sh P M A
LV o R 50 20 01 0 6 o A4 33 1 9% Cintraventricular pressure
difference, 1VPD ), T % 4 48 44 1 J1 48 1 Cintraventricular
pressure gradient. IVPG ) 55T IVPD 5 3 HREE 1 AY ER A .
5 o 51 V0 ¢ 0 A ) o A U b Y 2
it IVPD & i 0 A0 , T 9 o 940 ) 0 O 7 1) £ 440 T TVPD
e 0 0 (1], AR 4645 B WSS TE ] MRl (11 1),

— LW B o I A

i i
| 00 I 200

800

RS H LV ok RS A A A M TFRABCPHNERRALV kI AREREHENFF A

Bt h LG eA SR Tnalh,

B EEHE O LV ek 5 RO R T 0 1S T A 6 00 A e 10 LR i B PR R M E A h R R
Figure 1. Varintion of the Introventricular Pressure and Wall Shear Stress in LY Apical 4=Chamber View duriog Rapid Ejection,
Late Systole and Ropld Filllng Phases

XLV 0L 167 B 5F 08 (B 2A~2C) . F3h Bl Bk
LV L T W A WSS IR, SN S T ALY L
KT .= LY 6B wss([E2). 16 WERAR
LV ol g2 Z J Lo 470 i 89 F ME L 2 B Capical inferior, Apl) .
T4 o B Cmid inferior, MI) , T 8 3E 4% B} ( basal inferior .
BI) . i 48 o 92 B2 Unpical anterior, ApA ) . 1iif 4 o i) £ ( mid
anterior, MA ) . [ 48 3§ ¥ B ( basal anterior, BA) ; LV (x5
LA ol 0% F M ME L 92 BE (apical inferolaternl, ApL) \F
4088 b ) B} mid inferoloteral . MIL ), T 00 88 3£ 0% B bosal
inferolateral, BIL) . 00 6] 8§ .(x 2 BE Capicol anterosepial,
ApS ) .1 [ M€ o (7] BF (mid anteroseptal, MAS ) . il (51 4 3E
Ji Bt (basal anteroseptal, BAS) LV oL 22 00 [ L0 611 T A4 10
[ W Lo 22 B (apical anterosepal, ApS4) . J5 [A] 8E v ] B
{ mid inferoseptal, MIS) &5 /8] 48 3£ 1% B2 ( basal inferoseptal ,
BIS) LV o2l 10 [ 47) il T A0 Lo 2 122 ( apical infierolater-
al, ApL4 ) . Uil 480 ¢ ob ()] B2 mid anterolateral, MAL) , 14
Ut JE e B ( busnl onterolateral, BAL) . AP S84 3-8
S B I 1 T I 3540 ) MATLAB R2021b %f IVP 1
WSS S Ht T m
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14 it a4

ill i Shapiro-Wilk W 32 01 Levene # 3 40§ 18 00
LM 2 EESEERRR £ RaEE,
FEMERBRDPER (B — O 8, B WS
W], FE4IEA G iy 20 BE R P OO B B O L AR
AL 5 4 A 0 7 i R F AE 22 8 Kruskal-Wallis 5 0 b $ 4 6]
# 5t o KA Bonferroni W a K FiFfr WM L8 .. B
Spearman A1 3% 4+ 748 1 4 ) 3 S R A IVP WSS 5 LV
58 ORISR KO D e, B PEAR R a=0.05,

1
2.0 A R A LV S S IE

(0 9 40 F oK BRAE B 7 69 S5 48 T 4 R T R O
Ffit 6 o0 T L, o S P U FE B R T e e B SR K 1)
A 2 sh B oL M5 B AR T et M (Rl ), IRFET
vk ERiE 3 M M IVSTI L LVDdi . LVMi, LVEDV: 1l C1 S 9§ %5
F 1% i i 8h B, LVDdi. LVDsi, LVMi . LVEDVi | LVESVi
359 1 9 6 T OG0T JUR £, RWITE B 08 UK T Bl OO 3 JUR L 5 % i
18 & B 09 RWTi b 3 (65 T (lt BE XS i1 . LVES Vi 8 3% o Tl
AT e (e 2)



Wiy, s RGO ATV S e O L o R o L 7 A B LA S A T

A-C VUK Z = WSl 7 &N D-Fitid ey ek = Z wWh-ShidFRWSS;G-LasEN LV v E= = wia
AT WES I~L i AN LYk WSl & TR WSS, ApLTFEC KR MLT A b BLF A AR ApA TR Uk
0 WA G BALW SR R AL, T S ML &R P WL BIL. T S MR ApS. ) B L s MUAS. WY ) A o )
BAS, W W] AR 10 ApS4, LV = 3 s s g o W () 0 e S MG () &0 o S BUS A () S0 M s ApLA. LV iz 0 v i b oy F oM B
B MAL A F I BAL WAL AR,
B2 LV L6 R0 B S 3o ok BRE Bh [ LV 2 B T % 03 4 T 89 WSs 5l
Figure 2. 16 Segmentul Division of LV sad WSS of Esch Scgment In Ench LY Chumber Yiew In Elite Femnle lee Hockey Athletes

22 HMART LV &0l IVP 6 i £ 5% IVPD HIIVPG 8Ll 22 5 AR B 36 (B 3A 3B): ELV.LR =
PEU I B ), BT A LY DA A (82D~ O YT EF P KRE S R IVPG/( mmHG/mm ) B
2F)  IVPD J5 4 i wE 00 B LA )5 LV ot = 1 65 0 T £ A U5 T i BE of Mt 2H (0,015 [0.011, 0.018] vs 0.011 [0.009,
65
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CHETTRRED 2024 9F (a4 42 ) 95 5

00141, P=0.,048; B 3B), FE0CHEAN A LV L A28 1) i
T 009 ot 45 48 T A 6 B A0 e 0 R L 4 ( PF 2G~210) , 7Tk
L oL A2 50 0E e 3 IVPD OE ) (A C B 1B, £ 0 IveD fl

IVPG A # B RO 3C. D), et w2, ol 5L ey
o LV kO 20~2L)  TERL IVPD IE E e 1)
£ H0T0 IVPD B IVPG H ) 3 7 49 R 8% (B 3E 3F),

£ BEELmile
Table | Physlological Indices of the Participants
{4k i b { B p=2T) il a2 ah B hi{a=26) S5 AL (n=2d) :
"2 L] P4
& #jem 168,00 [ 165.50,170.00]"  165.00 [ 162.00,170.258]) 16150 [ 160.00, 168.75) 1.000 0099 0005 0006
¥y 63.58 4697 SRES £ 540 56,54 £ H.TH 0061 0798 0003 0.003
A iy 17240000 1664010 L6l£0.13 0054 0390 0002 0.003
w2 Ml 67414818 67.234 10.62" 7675+ 10,89 0946 0003 0004 000
akhe Bimenldp 113,00 [108.00,107.00]  110.00 [107.50,110.50] 110,00 [110.00, 116.75] D062 0782 0750 0449
i AimmHg 66,00 [64.00,71.00]* 70.00 [68.00, 80.00] 74.00 [ 70.00,50.00] 0009 066 0002  0.003

MR P SR A B S R G [ AN L 2P AR A W S Ak B R
P2l e 2 [ Ao i MK o AR 2 ) FA Ry B R, Pade k) I el b 0 K Rk 0 T, PSR X R e B
At el Ak ah B Aok ol MR = 9 e A S bt R B M e o e e e ) A O AR

W1 WL
Toble 2  Echocordiographic Parumeters in the Participants
¥} AR M (w=2T) il i le=26) HEHeFRUEa=24) s
Pl P2 F3 P4
E S AR (mmem ™) 5371055 4804054 50311045 <0001 0.326 0.067 0.001
LV T AL 9 o 52 4B 8t/ mm om™ ) 2816225 26484223 26404212 o021 | 0.017  0.007
LV 473K A 406 8 5 AL di 4t/ mmim’ ) 5.0610.57 4.8410.55 5191043 0419 0.070 1 0,070
LV e i 30 A 4B mmem™) 17.30% 1.760" 16.56 £ 1.60 1579+ 122 0.267 0.251 0.003 0.004
A0t 2 R A i mm-m™) 0.21 [0.20,0.24]* 0.22 [0.20,0.25]* 0.23[0.22,027] | 0.038 0006 0.005
LV Mg g-m™) 82.27[77.11,97.23]1 6686 [55.78,76.15] 67.76 [55.98,76.46] <0001 1 <0001 <0001

LV A Mg A dF & mL-m™) 63.91 +9.56% 52.96+9.29 49,85+ 10,69 0001 0.8505 <0001 <0.001
LV b A0 52 A4 8 mL-m™ ) 19.63 [17.65, 22700 1773 [14.41,20.35]" 1381 [12.35,14.78]1  0.162 0.016 <0.001 <0.001
iyt 48 40 Lomin-m™) 296(272,3.22]) 228 [1.97,290] 278 [2.49,3.17] 0007 0.187 0799  0.009

o)LV £ E (left ventricular) ;2 e A RS A oSl S e 20 L5,

2.3 &WA0TF LV 508 £ 9 15 WSS 69 &L 2 )

T B e S o W L LV oL 52 I B0 1 4 4T B2 WSS SR
ERTEFE BAA)ELVLEERCUMT EF L Tok
B @ A ApL fr) WES/Pa 8 % # T Wil i 50 B (0.070
(0,030, 0.100] vs 0.030 [0.010, 0.070], P=0.029; [A 4B) ;
LV e 02 1O B A 400 1l 45 45 5k WSS L (6] 25 St A I 3 (1 4C) L

FE I AW L LV A0 g L ) T 25 9 1 WSS I 3
RABK(HAD) £ LV CREB LY T , 48 F AT ok
ERiESH B ApL(0.030 [0.020, 0.060] vs 0.080 [0.050, 0.120],
P=0,005; ¥ 4E) 1 MIL (0.000 [0.000, 0.001] vs 0.020
[0.000, 0.060] , P=0.008 ; [ 4E) £ WSS/Pa 5 ik F ¥ i
EH M, WSS 0. 75 LV L ML il F L&/ T
PRERE Bl T MIS &9 WSS/Pa kb 3 U5 T % i 32 5 5 bt B
A B £H ( 0.000 vs 0.005 [ 0.000, 0.020], P=0.027; 0.000 vs
0.001 [0.000, 0.020], P=0.046; [ 4F) , WSS H 0,
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TEth Al FE4 W), Ly Gl = =00 10 951 B wss
FHLI) 25 7 A 5 3 (8 4G . 4H) ; 76 LV R B CHI F
{8 % fr T 0K BRE 3 B o fil B MCER BY HEL BOR B OE
ifi A 3lll i ) 51 BIS #9 WSS/Pa 5 3 76 T it M€ 0F 1 #6.( 1.060
[0.860, 1.470] vs 0,950 [0.540, 1.100], P=0.042; [ 41),
2.4 HL B 09 LV kM e i il 3 A AL D) A
Aok AR AR 9 A0 H

LV e o a6 0 o474 S U0 R T 0 40 e e R L0
(M 3) : IVSTi 558 3l B SOA 6 4 R AL 4 5 fu I U0 & ()
i 3 TE 1 36  RWT 57 0 Bk F b 3 604 9% s LVMIL LVED VI
MLVESVIi SR FRFEME ;1S EHNEALATH
it 2 TE 40 96 ; o6 SR 00 00 00 ) L LV o oA = 0 WD UAT TVPG 5
Bk - B 3 IE 4 3, ApL 8 WSS S ERK Y- 2 ¥ EH
¥ o e e & A ), MIL 0 MIS 09 WSS 51 85k T 8 3% 0
A,
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2500 5 A o ik dh
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E 1000 - {
0.500 % { [ } } {
0.000 T T T
2ch ech deh
1500 C

0,000 T T T
2ch Jch dehy
4000~ E
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2
L, {
=
1.000 -
b-m I I ]
Zeh Jch ach

.
[yl
=l

FmiH] : H
It

A—B Rt M AMLYV -Gk B AR IVPD. VPG C—D i A S LV -u & 5] b 3% IVPD, IVPG E~F te ik £ A 1 LV - £ 3| £ & IVPD.IVPG,
Zeh. LV ik = B i@ dch, LY -0 E M- 400 pdch, LV U K oL dndp, *P-<0.05, FF).
ME3 bl S AR TE R N LY L S E R IVED R IVPG
Figure 3. IVPD and IVPG of LY Apleal Two, Three and Four Chamber View during Rapld Ejection, Late Systole,
and Rapid Filllag Phases

LV &% 440 0 0L 0 30 0 5 0 5 2 TR A 00 40 6k e 1E
(3 3) :IVSTI &5 55 35 b 3 00 4R JC s RWTI 55 5 , (4 I #n ik
e i B O A 3 s LM S5 O e 8 v TR b e I 2
FICAE 50 % 8 % 50 3¢, LVEDVI A5 di & 1 1 3% 1E
3, 5 0% B 9 DA% ; LVESVI 5 6 1, % 38 i A 5 9%
A G, 500 8 0 35 0048 36 ; C1 5.0 2 ) e i 2 3 A 44
S EHh AT W), ApL B9 WSS b 1 A0k % T BB K IF
HiZ.

LV 854 55 it if 8 Jy 46 S0 S P e BRAE (e 3) .
B G ) LV L2 = G- HD I IVPG 4 LVMI L LVEDVI
LVESVI 5 3 1E#3 , ApL #9 WSS 5 RWTi B 9 (il % 4
ifie &5 A W0, MIL #Y WSS 55 LVMi , LVEDVI # LVESVi § 3%
fii i3, ApL Y WSS &5 LVMi , LVEDV , LVESVi il CL 5 3%
I,

3 g
W P34 22 T8 8l bLC-IE LV 854 Fu 5 Bk ol 36 85
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700 B 3E G RS AT B AT O ) DG T LS L B
P 0% VM 3 A% G €0 30 Bk bR e e o 900 . ol 1 A 200 B
B0 LV 2 R 28 e B AR T, 16D BRI WSS,
e A A vk ERE B B G0 TN W s R R
B i 6 8h o0 S Bl ML 2 m A E B R R, Dk
L Bh A 5 Ly 5 SRRl Sk T e B R H L.
AR AE T 48 % & 7 ok BRAE 3h M Lv 45 B it
WSS 55 (i HE ISR -2 A 7E S I R . A
IVPG HI ] 2 57 4+ B e &l KL, (K F o FokrkEsh R{E
B S5 0 W) B9 LV o0 20 = I B T TVIRG T 9 T R L
WELEH (B 3B ) . he 2 95 ol ] ApL B WSS N0 30 2 (0 % 4 T
PR ERE Bh BB T IHEGE D L (18 4B ), AT b bE X
NEEH K55 Lo -1 D ER A =l B3 4 D ol B e W01 2 5 i) TVPG 7
Lo JHE % o JUL g 505 4 (i B8 7 09 S 0k 38 T ( LaCombe et al.,
2023), MEEWAEF ApL 6% WSS Fr 5 W a5 T A5 sh 7L
Tk S0 01 i i 5 7 K AL AF 2E T BERE . ApL #E IVP R
0 Yl T L, O IVPG G S B B T 5C R MY LD A&
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CHRTTRS) 2024 F (M aa ) TSI

{0 M0 — 0 MR RN (LR S R T R WS AR,
Hu % (2024 )ik 25 , o0 3 38 = 00 ET 4k 00 M0 2 1 19 5 ol e
T 55 fF e A W0 oo 2l BB e JUL S A 0 U0 A 20 L O o0 M B0 45
1 ImS A  WLACEEE NE RE D T B4R . Collogiu
(2021 ) 0 R T, oot R85 J) AL R 05X A5 B B 7R A
oo WL, T i o £ O UK 5 I e 4 0 o

eI B Y I AT 36 o o o oL LA FE W 7 50 3L 2 6 ) oL
S Bk 5 R 343 457 0 5 4E ( Szentadrassy et al., 2005) , 09 F
Hb 5 10 A oL 2 68 WG T B W 4 B (Opthof et al., 2017),
Pn K 5 A T ek BE B B ApL ) WSS K Do g 7 5l
195G 40 A A7 G . Ik . ApL RiE £ 2 BE 55 W i T A
AL L o BBt o LT HE TR O A 2

e o s
A T L 1
5 o] H o H vy i
’ :xﬂl oy sux $82 '}h - n-mu s sid Gus <08 i*} é;ﬁ_‘ { oo 1 H[{

B 151 m .ﬂ.}.\l nﬁn Mﬂ nln - HIiL I-';IL A::L n;;s m:.s n.'qs e B'm ms ﬁpISI ApILdM:ﬁL B;u,
A3 L
- AR 1 ol Gyl H
BT A ApA MA BA- VORI MIL AL A MAS BAS 10 5ISTMIS ApSs ApLA MAL BAL
o, g “H
ol gy F g ”m

i
Bl MI Apl ApA MA BA

BIL ML Ap]_. A.pS WMAS aas

RIS WIS APEEAPHMAL BAL

A-Clit Staplvek = = whcBEFRWSSD-FAMANLV £ = = oSt § TR WSS, G~LkExdhLy <
K= . Z. oo & IE WSS, ApL T &R B ML TR ¥ A BLT 4 SR  ApA TSl - % S MA 8 P M BAL T AR ST
ApL T4 8L B MIL, T4 8 o 803k (BIL. F 40 88 2 AR 12 ; ApS. 0 1] 8F e S IR MAS. BT ) 8 o 9] Bt ; BAS R ] 82 30 A s ApSALY UK Il
oA o W ) Y s R s LSS 1) B8 o () BIS. B 1 50 26 A6 0 ApLa. LV < 3k vn Kb 8 T 00 80 0 K B MAL W 82 o I BAL W80 3

AR,
4

AR S o O R A b il TR L TR WSS

Figure 4. LY Segmental WSS during Ropld Ejection, Late Systole, and Rapld Filling Phases

60 A 0 1 0 , ApL [ WSS 55 RWTi 9 3F fil 4l 96 , 1€
if5c & 2 0, MIL A0 ApL i WSS 5 LVMi . LVEDVi,LVESVi
b S A E (28 3), BL b IR B T A O B Ok TN B
WSS 5 LV G040 5 B0 1A e A (B s . B O == 58000
H5 4K ( Frunk-Starling ) 8004 , G WUBCER 1 8409 Do 57 65 556 0 G
JULEF S fi e A9 42 HE RYOF B { LaCombe et al., 2023), RWTi
AR A0 KF A I LV B 5 S O BB AL Ak TE AT LV
G0 g5 0B, 1509 O A OO JUL S S o iy R AE R K £
L F 00 ApL i) WSS BEAE A . 330 A 2 1 T A BT N
JE fit ( Laplace theorem ) 412 1 % 348 08 % Y J 000 7 2 00 B0
f, L6 N8 A i 490348 T Gamsch e al., 2008 ). A i
AN, 0 Ik 0 A a6 A K B LV o 9 ZE AL L

https://www.cnki.net

28

A ) A A 5, TVPD A P BERRY S R E A
HE 0 ohe T o B 5 R o I L P e R T R A
(] o ES PSS R A B ) i B R (Ballo et al., 2004 ; San-
toro et al., 2014), £ 20 T dRKERE sl b 0900 MEH B A7
S 1 oo S JSE I 2 250 T R 0 A UL ) g e R I P Y
FRAECA 2], 8 9% 4 F ok BRAE Bl) 5 WS AW MIL , ApL #0
MIS if) WSS fib 35 fIE T fill BE At it 601 , 4 0T F O ( /¥l 4E . 4F)
) A i A M 98 A7 o 3 e Y B A JUL M T B RO
i 325 T i L7 o 3 A ) AL 1 L ot B Y ol AL A 3 s Mk e
ke AT 1 B G R0 BT R L R A T LA A T it B OT A KR AR
A A A G Bk 600 E | DA TSR0 S Ik et L 4 42 ( Hatoum
ctal., 2018) . #2653 47 % 50, i Hi A W MIL F ApL 84



M, O MG 09 D008 A A B 5% o oK RRE I e T BN AR 4R R

WSS 5 LVMi. LVEDVI  LVESVi B ¥ 3),Hm LV i ApL BIMIL A WSS MM HEIE LB EFo, M
(R & < T vk #RE #h B3 1Y LVESVI 75 3 50 Bk W 26 (4 i i, o & 00T B EE WSS #0 LV S5 8 00 R S 1 5 B i B
ISz 9 Ay e 0 S s A ko o R A e B, A 5 A 1 Bl b5 0 M S5 R S B TR B Y .

23 HAHRAERY VPG I WSS ST, EMHRE LV BN MR
Tuble 3 Correlntlons al TVPG and Sepmental W3S with Trainlng Level, Physiologienl Indices nnd LV Structornl Parnmeters

IVSTi  RWTi LVMi LVEDVi LVESVi Cl IVPGI_RE ApL_RE MIL_LS ApL_LS MIS LS
M AFM p 0253 0321 0468 0432 0446 0253 0302 0292 -0357 -0224 -0371

P 0.026 0004 <0001 <0001 <0001 0026 0.008 0.010 0.002 0.051 0.001
A b in] S 41 L P 0.204  -0.335 0,440 0.433 0.482 0.132 0.267 0.257 -0343 -0205 -0.326
P 0.075 0003 <0001 <0001 -<0.00] 0254 0020 0.025 0.002 0.073 0.004
o M) e A o ) P 0.251 -0.364 0.499 0479 0.528 0127 0311 0255 -0289 ~-0.19%4 -0.303
P 0028 0.001 <0001 <0001 <0001 0.273 0.006 0.026 0.011 0.094 0,008
&H g -0.225 =056 0.037 0.068 0.147 -0053 -0.006 0110 -0.153 -0.031 -0.154
P 0.049 =<0.001 0.750 0.558 0.203 0.645 0.959 0.345 0.187 0.792 0.184
5 p -0 -0.609 0.348 0215 1.306 0.036 (149 0.296 0.006 0.046  -0.049
P 0341 =<0.001 0.002 0061 0.007 0757 0197 0,00 0.956 0.692 0.676
k4 i po =0200  -0.660 0.270 0172 0.297 -0.023 (.00 0.258  -0.051 0.020 -0.103
F 0,081 -=<0.001 0018 0135 0.009 0841 438 0.024 0.660 0.862 0.375
w [ 0.007 0.180  -0.228 0272 =0.232 0325 -0072 0.061 0,029 -0.070 -0.074
P 0.950 o7 0.046 0017 0.003 0.004 0.537 0.598 0.803 0.546 0.526
14, I 0120 0.0z 0.303 0273 0.172 0365 0.056 =0.013 -0.127 0.010 -0.068
P 0.301 0.865 0.007 0016 0.135 0,001 0.629 0.909 0.274 0.933 0.559
IVETh o 1.000 0.521 0.573 293 0139 0.338 0.223 =0.006 =0.098 -0.188 ~-0.197
F <0001 =000 -<0.00I 0.010 0.228 0003 0,053 0.957 0.398 0.103 0.088
EWTi n 0.521 1.000  =0.153 0413 0511 -0072  -0u125 =0.251 0.136 0.057 0.083
P =0.001 <0.001 0183 <0000 <0.001 0.532 (283 0.029 0.242 0.625 0476
LVMi n 0.573  -0.153 1000 0.360 0.670 0.543 360 0.153 -0333 0292 <0193
P =<0.001 0.183 <0001 <0001 <0001 -<0,001 (.00l 0.136 0.003 0.011 0.094
LVEDW: P 0293 -0413 0.860 1.000 0.758 0601 0.2713 0.172 -0331 -0282 -0.168
P 0010 =<0001 =<000I <0001 <0001 =<0.001 0017 0.137 0.003 0.014 0.148
LVESVI P 0.139 051l 0.670 0.788 1.000 0.249 0,278 0078 -0269 -0261 -0213
P 0228 <0001 =0.0001 <0001 <0001 0.029 0.015 0.502 0.019 0.023 0.065
Cli P 0339 -0.072 {.543 0.601 0.249 1000 0158 0173 -0212 -0245 -0.09

0.003 0.532 <0001 <0001 0.029  <0.001 0,173 0034 0086 0033 0408
S TVSTLE 6] BB A48 45 ; RWTI A0 aF 4 48 A AL 45 8k s LVMI. & < o 0 45 40 LVEDVL & & EAF R M i 4 LVESVL A & £ o K
An g4k s CLe bir g ¥ 48 8 IVPGI_REA& & 803 3K 2 M b o the bk At da 00 5 08 B o S5 4 A s ApL_RE. B ik 5 0 F 0 8 -1 K 1 WSS,
MIL_ LS #HE AL F 808 o W0k WSS ApL_ LS. i ) F 40 8 e 1 12 WSS s MIS_ LS b ik A LG 1) 22 o =) B WSS,

-]

FEHRE ST LW, ApL i) WSS SillBik F R F M,  Wrivsk, MRS LVIERASHNELSHLTE
FE M HE AW MIL A1 MIS 09 WSS Sl 86K T RFNAAE  (White ctal., 1998), a5, 9B wss 5l 8EK T i 8
(F63), Bh MO 3098 T A0 6 F 4 B4k WSS 5 8 MR 2k 5 5 (2 A AL T P B ) O e Y A 4
AT e i . ol 90T o A S 0 4 S T A7 3 , it A2 B 5 FE 4 W & i 00 85 o 3l L 5 Bk
At P2 B G0 IO A9 &5 R R0 ) BE I A7 G U FE A B 50 1 (R A G P 55 g 9 2 T AR B T RS
( Sakellariou ct al., 2021) . A& T ¥R ARE , i 8hik 50 g b B ik O # - F ko Bk 8 LV He B0 ain 30 ApL
M AAT BN E IR BS JE WA i WSS TR, B R M ApL , MIL Al MIS i WSS IEAE , kL
T 7 T 0 — AL Wang et al., 200160 225 i UE AT L B Bt WSS 55 U0 &K - LV S50 8 BOW f 1E
i Bl 1 1 1 s 960 2 0 P B 0 ) 0 8 a0 — A Kot 18 T S ) [ G ME Y LV 5 4 O B 5 Y Bl
09 = A A7 I T i 7 &5 4 A0 20 8 (%) 3 L ( Sakellariou et al. , A E Y Ay A SR B R T TR GEAR | HER s gh B L ETS
2021 ), —T0 W0 AL T RUSE B Sh Bl S L S wh i Bt G LA A Rt Ly ORI AT B U B o L 4L 5%
it = A 0% 2 T T S T A LV, {0 TS iE B 1Y A B0y B o O L 2 AR 8 T RO
(3]

hEHIM  hitps:/iwww.cnki.net ”



CIETTRSED 2004 4 (S4B ) M SN

4 WRMERY

WEFTONA T 2 AR AR & A BT A5 Lo T ok BR A B B L 1A
iz BT B IR, A it T A8 A R, o e ATl i i 4R
£ i 44 b 0 &5 04 32 Bh B 4T 0 IDE T 8 N ke T O ek
fit . VM JE 56 T 0 80 P A B P AY R MR AR LS
LV ol = = 0 00 02 A A0 T Y 0 3R AR, T A6 5 S04 1) e
T 04 e 36 0 oFy A A 170 400 i ) 9 A 2 5 o A AR D 1
0 LR A A — R IR P A AR

5 Hit

IMES T kEEsh A LV SR 2 A v A, O
P9 i 9 3l o 75 O8RS 3 B AR s 2 ) A8 B B s KNG
ll A0 5 o 5 o R S RE 0 Py 0 A A (R LG oL JE
0 e T 0, TS A Ay AE DL ETEE B A a9
B EHUBR M T RS ARR i LY W B WSS TT LR
i B iE s A C R AR RS,

ol

TEOU, 20N, AT, T, 2023, MK RAREA TS T
FrfEkE R B 24 R A SEHHENTL (1] R, 43010):
66-T2.

ARVIDSSOM P M, TOGER J, CARLSSON M, et al,, 2017, Left
and right ventriculnr hemodynamic forces in healthy volunteers and
clite athleies assessed with 41 flow magnetic resonance imaging[ 1],
Am J Physicl Heart Cire Physiol, 312(2); H314-H328.

ARZAN] A, SHADDEN 5 C, 2018, Wall shear stress fixed points in
cardiovascular Aluid mechanics( 1], J Biomeeh, 73: 145-152.

BALLO P, MONDILLO 5, GUERRINI F, et al., 2004, Midwall me-
ehunies in physiologie und hyperiensive concentrie hypertrophy [1].
1 Am Soc Echocardiogr, 17(5): 418-427,

COLLUOGLU T, ONALAN O, CAKAN F, 2021. The dingnostic
value of 2D-speckle wacking echocardiogruphy for identifying sub-
climical venricular dysfunction in subjects with eurly repolanzation
patiem[1]. Echocardiography , 38(7); 1141-1148,

D' ASCENZI F, PISICCHIO C, CASELLI 8, et al, 2017. RV re-
modeling in (lympic othietes[ 1], JACC Cordiovase Imnging, 1004);
IE5-393.

D" ASCENZI F, BIELLA F, LEMME E, et ol., 2020, Female ath-
lete' s beari: Sex effects on clecirical and structural remodeling | ¥
OL]. Cire Cordiovase Imaging, 13(12): 011587 [2024-02-18].
https s Aot/ 10116 WCIRCIMAGING, 120,011 587,

ERIKSSON 1, BOLGER A F, EBBERS T, ot al., 2016. Assessment
of lefl veniricular emodyromic forces in henlihy subjects and pa-
tiemts with dilated cardiomyoputhy using 4D flow MRI [MOL].
Plysiol Rep, 403} c12685[2024-02-18]. hitps : dororg/ 10. 1481 4/
phyZ. 12685,

FERRAR] 8§, PESCE M. 2019. Cell-based mechancsensplion, epi-
genetics. and non-coding RNAs in progression of cordise fibrosis[
OL]. Im J Mol Sci, 20(1); 28[2024-02-18]. hups;/doi. ong/10.
3390Vijms2 101 0028,

GAASCH W H, MEYER T E. 2008, Lef vemricular response 1o mi-
tral regurgitation: Implicotions for monogement [ 1], Circulalion,

70
HEHMM  https//www.cnki.net

30

118(22); 2298-2303,

HATOUM H, MOORE B L, DASI L P, 2018, On the significonce of
systolic Now wovelform on mortic valve energy loss[J]. Ann Biomed
Eng, 46(12); 2102-2111.

HUY L, LIN L, ZHANG L, et nl., 2024, Identification of circulating
plasma profeins as o mediaior of hyperension-driven carcdine remod-
eling: A medintion mendelian rodomization study [ VOL ], Hyper-
tension, BICS) ¢ 1132-1144 [ 2024-04-06]. hitps: Mdoi. org/ 1001161/
HYPERTENSIONAHA. 12122504

ITATAMI K, MIYAZAKI S, FURUSAWA T, etal.. 2017, New imng-
ing toole in enrdiovnscular medicing: Computationnl fuid dynamics
and 4D Mow MR [J]. Gene Thome Cordiovase Surg, 65011):
G6l1-621.

NL, HUWZ, YONG Y H, ot al.. 2018, Left ventricular cacrgy loss
ond wall shear stress assessed by vector flow mapping in patients
will hyperirophic enrdiomyopathy| 1], Tnt ) Cardiovase Imaging, 34
(9): 1382-1391,

LACOMBE P, JOSE A, BASIT H. et ol., 2023, Physiology, starling
relationshups [M]/STATPEARLS. Trensure Island (FL) incligible
companies: StetPearls Publishing.

LANG B M. BADAMO L P, MOR-AVI V, ot al. 2015, Recommen-
dations for cardine chamber quantification by echocardiography in
adults: An update from the American Society of Echocardiography
and the European Associntion of Cardiovascular Imaging(J]. J Am
Soc Echocardiogr, 28(1); 1-39,

MENG Q G, WANG 5 J, YAN 5], et ol., 2020. Evaluating the left
ventricular hemodynamic phenomena of DDD septum pocemaker
implants using vestor fow mapping(J]. Echocardiogrophy, 37010
77-85.

MNAKANMAY, HOZUMI T, TAKEMOTO K, etal., 202]. Moninva-
sive estimation of impoired lefl ventricular wntwisting velocity by
peak enrly diastolic intrn-ventricular pressure gradicnts using vector
fow mappingl ] |. J Echocardiogr, 19(3): 166-172.

OPTHOF T. REMME C A, JORGE E. etol, 2017, Cardiac activa-
tion-repolarization pottemns and 1o channel expression mapping in
intact isoloted normal humen hearts [J]. Heart Rhythm, 1402):
265-272.

SAKELLARIOU X M, PAPAFAKLIS M |, DOMOUZOGLOU E M,
el al., 2021, Exercise-mediated adaptations in vascular function and
structure: Benaliedal effects in corenory artery disense[1], Woeld J
Cardial, 13(9); 399415,

SANTORO A, ALVINO F, ANTONELLL G, ctal., 2014, Endurnnce
nnd strongth athlete” s henrt: Annlysis of myocardiol defermation by
speckle tracking echocardiography [1]. ) Cardiovase Ultrasound
23(4); 196-204.

STUGAARD M, KORIYAMA H. KATSUKL K, etal.. 2015, Encrgy
loss in the lofl ventricle obtnined by vector Mow mapping 0s o mew
guantitntive mensure of seventy of aorlic regurgimtion; A combined
cxperimental and clinical study [1]. Eur Heari J Cardiovase Imaog-
ing, 1607); T23-730.

SZENTADRASSY N. BANYASZ T, BIRO T, et al., 2005, Apico-
busnl inhomeogeneity in disiribution of ion channels in canine nnd bu-
mon veotricular myocardiuml J |, Cordiovase Res, 65(4); 851-860.

TAHIR E, STAREKOVA J, MUELLERLEILE K. et al., 2018, Myo-
coandial fibrosis in compelitive tristhletes dotected by contrast-en-



B, e RO AT Ar I e A 5 o R Al A e N BRI S R E

hanced CMR comclaies with excroisc-induced  hyperiension and Online, 15(Suppl 2) 5 154 [2024-02-18]. hitps:/fdoi. org/10.1 186/

competition history [1]. JACC Cordiovase Imaging, 1109} 1260- §12038-016-0273-2

1270, WHITEF C, BLOOR C M, MCKIRNAN M D, ot ol., 1998, Exer-
TANAKAT, OKADA T, NISHIYAMA T, ot nl., 2017, Relative pres- cise troining in swine promotes growth of aneriolor bed and capil-

sure imnging in left ventricle using ulimsonic vector Mow mapping lary angiogencsis in hoari(1). T Appl Physiol (1985), BS(3); 1160-

[MOL]. Jpn 1 Appl Phys, 56070 : 26 [2024-02-18). hitps:/fiop- 1168,

science.lop.org/nricle 10 756 TAIARS6.0TIF 26, YANG P, ZHANG J M, XUE 1. et al., 2023, Time domain adapin-
WANG Y X, XIANG C, LTU B, ctal,, 2016. A multi-componend par- lign of left ventricular ciastolic intraventricular preasure in elite fe-

allel-pinte Mow chamber system [or stedying the cffect of exercise- male ice hockey othletes [WOL]. Front Cardiovase Med, 10:

induced wall shear siress on endothelinl cells [ 0L ). Biomed Eng 1057129(2024-02-18]. hetps : Mdoi.ong/ 10.338W fovm. 2021.1057129.

Characteristics of Left Ventricular Segmental Hemodynamics Evaluated by
Wall Shear Stress in Elite Female Ice Hockey Athletes

YANG Ping', ZHANG Jianmei®, XUE Jun', ZHANG Ruiping’, LIRui', CHEN Yiping', HE Benxiang
1. Postdactoral Mobile Station of Sports Science, Chengdu Sport University, Chenpdu 610041, China;
2. Sports Medical Supervision Research Center, National Institute of Sports Medicine, Beijing {00061, China;
3, Mational Emerpency Medical Research Center, Emergency General Hospiral, Beijing (00028, China;
4. School of Sport Medicine and Rehabilitation, Belfing Sport University, Beljing 100084, China

Abstract: Objective: To investigate the intraventricular segmental hemodynamics of the left ventricle in elite female ice hockey
athletes. Methods: 53 female ice hockey athletes (27 elite athletes and 26 low-level athleles) and 24 healthy subjects were recruited
in thiz study. The two-dimensienal structure of the lell ventricle (LV), intraventricular relative pressure difference (IVFD) and
sepmental wall shear stress (WSS) in LV apical two-, three-, and four-chamber view were noninvasively measured by using vector
flow mapping based on echocardiography. The differences of WSS at the time phase of peak IVPD during the rapid ejection, late
systole and rapid filling among groups, and the correlations between WSS, training level, and LV structural pammeters were
analyzed. Results: 1) The LV mass index (LVMi), LV end diastolic volume index (LVEDVD) and LV end systolic volume index
(LVESVi) in elite female ice hockey athletes were significantly higher than thet of controls, but the relative wall thickness index
(RWTi) was significantly lower in elile female ice hockey athleles compared with control group. 2) During the rapid ejection phase,
the WSS of apical lateral (ApL) segment was significantly higher in elite female athletes than that of low-level athletes (P=0.029).
During the late systole phase, WSS of ApL segment (P=0.005) and mid inferolateral {(MIL P=0.008) segment were significantly
lower in clite female athletes thon those of low-level athletes; in addition, the WSS in the mid inferoscpral (MIS) secgment was
significantly lower in elite female athlete than that of low-level athletes (P=0.027) and controls (P=0.046). 3) The WSS of ApL
scgment during rapid ejection was negatively correlated with RWTi, and positively correlated with troining level. The WSS of ApL
and MIL segments during late systole phase appeared negatively correlated with LvMi, LVEDVi and LVESVi; the WSS of MIL and
MIS segmenms during late systole phase were negatively correlated with training level. Conclusions: 1) The LV structure of elite
female ice hockey uthletes is physiologically enlarged, and the intraventricular hemodynamics were optimized segmentally during
systole; 2) long-term professional training promotes the physiological adaptation of athletes' heart structure through segmental
hemodynamics. The results con provide theoretical basis for the hemodynumic mechanism of the formation of athlete's heart, and
provides references for the prevention of the development of pathological remodeling in athletes® heart.

Keywords: ice hockey, intraventricular hemodynamics; wall shear stress; intraventricular pressure gradient; tralning
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