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RalH', aEE’, KF', B

H OE. AT RS RENEOEFLFRREGRCREACERFRDABATL, Fik A 1960 EFF
FdeFhRiEH R (B3 RA) B NIBE R FF (TR BT FAEMRECHBES, B A wReF gL
A (vector flow mapping, VFM ) 728 R Z p2 S AL T ULEATIK-F 81 (V1) AT (V2) A% 7 & AL E AT
FaaE At Ko, SR DFALFOH B AL IEF) a5 R aast £ 5 F JE (relative wall thickness, RWT) .
FS E )G BEAT TR K F E (posterior wall thickness in diastole, PWTd) ., £ & 42 44 (left ventricular ejection fraction,
LVEF) | £ & & %4; 425 % (left ventricular fractional shortening, LVFS) , = X 347 3K 0%, 8 fn i 0d A 3% B (A) 39 R4+ 5
Z51(P>0.05); 5Bk, ZH RAEEREFRANBREE ACERT ACERTHBE ASCEFRRIPNEZ,
£ BAR AR A0S B LI EAR ATIKTH(E) E/A(B/AWAL) A m B oMb ZFAEEHYRE K,
EAA G FE L (P<0.05); B BBRATENG , B £ TA TR RIS AR k245 A % 5 & 3L (P<0.05) .
2)VEM A2 2 R A x BA VI V2B AR AR Fd Atk D RS EM £ F(P>0.05) /2B V1. V2
PR FAR X Fr g 0 ) A 23 £ 5 (P<<0.05)53) A8 K M RS LA V2-iRF AR KA S VISR AR Kb £ E
AR AN R ASTARRYN AR HES 2 EMER(P<0.05), 26 1) A5 5% E I 4k F & F ks
BH) R 6 PR M A IR EF 0935 Fh3E BRI AT IR T A BT 2 F R FokRiE S B A BRI RIA
HENER SO0 aARsm R A SWREFRL RIELCELPRAALLER B L mEAL TR, A
F) TR IR b, A B T35 3 5k R A ) AT o £ >90% HR,, 69 LT AR L o #i R @0 e 32T B 3R R
1B ) B S MU A AR A, R KR B S BT ALK AT AR 2 % K

R B B R K IRE F R R S R AR

FE 4% S:G804.5 XEAARIRED A

UKIR O — TR AT 5 R AT B E A 4 S R e BB
3, i iz 3 5 RO ST ) MTC SR RE ), X =
Kz Bl 51 Y0 E RE 6 K A2 T R Y 2 B4 AL ) B
DL S HIL AR B K Y #E 48 RN FE BE (Douglas et al., 2019;
Montgomery , 1988; Spiering et al., 2003) . [H it , &
e IR 2 R EOC MR, B0 DESS S R RN A AR
Bl AR (Yang et al., 2023) . BEFEWFST R, vkEkiz 51 5
720 % (left ventricular, LV ) &F 7K AR 11 25 BUZE I 25 7000
BTN 05 3 O A S O R WK K IE B 5O E
T T R 45 R M Tl ) RE M Y (R B 4F,2020,1980;
Tk 45 2018 ; Paterick et al., 2014) . {HAVAK I8 ik £ =%k
JEANRE A T4 iz 20 51 O BE D RE NI, 4Rk, A B
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FEAE I WA 220 N LT B ) AR A EAT 2R G A BT
AT DL A v RO | 4 T M T O AR T AR L A2 0 P L
it 8l I 2 50 I T RE R [A] 6 SRR A&, AT BE S I RE B Bl
P 0 JUE B BE i 1 B R A OC B O R Al (0] B S
2012; B} 5 ik, 2014 ; Bermejo et al., 2014 ; Martinez-Legazpi
etal., 2014) . IfiL % ) #E A% (vector flow mapping, VFM)
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AR AR A% T AL AL VAl O Ji 52 2% 1 U000
i PRI 9L B 8 Ak AT A SRy A R M 0 T R R L RTEE Y
2% (5 45,2021 9K 45 ,2015; Rodriguez Muiioz et al. ,
2015) o PR, AR BFFE R FH VEM $ AR X L i KCF 2o vk ek

IZ Bl RN S R L v e 0 T SRR R S, A0 i

WAL VKERIZ 3l 51 A 00 I 45 7 F0 2 RE R B, LA YT R
i B I Gt A v 0 IR 3 g M A R I R 2 LA
FRFE MR 2%

1 MRMFS5HE
1.1 R

WG IE B AL 19 £ & % 2022 FF & RS I 75
L UKERZ h B A B =548 B sh S 9k — iz 8h
B UL B AT AR R IR 0 =24 ho FH5E 19 &4 C
3z Bl > A5 3 R LV A R IR AL, A A bR o
JE HEAT FR S B B IEIR] <3 b HEBRARE N A LR
O R B A 2 IR R R A . PR A2
AR B RE T R EEER (KD AFRS
H R AR E KR Iz 3h B 2 5F 58 T 48 B 28 51 23 (2021-15) 4it
WL IR I 2 5 H5 0 B RS R E i sh A B S5
B T B (ARG T TE) 1 RS i 2021 4F 4 A 202248 1 H i
O EDLRE A B 5%, WF 58 AR AT B B AR L 5

®1 EHRAMMNRAZINELRER
Table 1 Basic Information of Subjects in the Athlete Group and

the Control Group M=ESD
X B R (n=19) FRA(n=19) P
ES 25.16+£3.70  24.26%2.16 0.370
¥ /kg 64.1315.54  60.211+7.32 0.071
4 #&/m 1.68+0.34 1.66+0.49 0.135
BMUI/(kg/m®) 22814175  21.96+2.37 0.217

iE:BMI, & 1k R & 45 # (body mass index) .
12 BRI &
121 EARFRkE

W IF 0 2R N I 2038 10 B sy IR RSk
T (body surface area, BSA) .BMI , 7 5K J& (diastolic blood
pressure, DBP) ¥ 4 JE (systolic blood pressure, SBP) A .[»
3 (heart rate, HR) % 2% .
122 #EQHEBE

K H AR ZR 2 % < (Aloka lesendo 880) #8 7 £ 4t
(Hitachi Aloka Medical Ltd., H ), Fe # #i 58 4 A 45 B
S121 453k, L B W BLA VEM 2 BTk o irfs 32384
B B A A R RS AT, - AT
M s AR 4 AE I8 Bl D 2H RRCHE 1 SR B A AR v U 0 ) R
55 Wi B AR R B B (DI J5 24 h 2 ) #E 4T, 6 IR 4L
V14 HSCHTE R B A i A A B 58

122,01 WHE SR A

T AT 5233 e 7 A TR A BB O S R A
S e M ML, P #5 REI R] 20 = SeIC FL I 1)
M BRI 2 A 0 E AT 5K R I N 4R (left ventricular
end-diastolic dimension, LVEDD) . Z& > & 5F IfiL 73 %X (left
ventricular ejection fraction, LVEF) | ‘& [H] g &7 5K A< 10 J&
(interventricular septal thickness in diastole, IVSd) . /&[> &
J& BE GF 5k K ] J& B (posterior wall thickness in diastole,
PWTd) . 22 0> 2 &F 7l A W 25 FL (left ventricular end-diastolic
volume, LVEDV) . & /0> ‘& % %4 43 % (left ventricular frac-
tional shortening, LVFS) | /¢ 0> % I 45 K 1 25 #H (left ven-
tricular end-systolic volume, LVESV) | 4} ## fij i} & (stroke
volume, SV) . .U> i H! 4t (cardiac output, CO) ;2) 1155 72 0>
JoT 45k 45 %X (left
ventricular mass index , LVMI) | # X % BE J& JiF (relative wall
thickness, RWT) ;3) 1 FH ik i 22 35 3 s 75 40 7 ) &
A &7 5k 30 (peak early diastolic transmitral flow velocity,

‘% Jit 5= (left ventricular mass, LVM) \ £ 0> &

) | B 1 (peak late diastolic transmitral flow velocity, A
U ) B2 A O 3o JEE WAL T VA LU

1222 VFM
FAE 2 A0 B R A LV 02 =0 % (0, 22 3 4 15
1%, ffi FH 5~8 mHz B O i sh FMGFELR b . 1) ek 14

LBl A BEAT 23 BT, 5 2 24 3 221 QRS TR Ay ke AU A
Lo fEASCHLET ,7E M N 2 e AbJ) — JRBUME£R
5 3] — >0 3l T 00 s ) -3t et 2 (L 1), 1 2 RR )
W 2) PEAE O H IR T A A A 0 AT K R
(VI ZHIMSTTT R0 P i Z 1) FET 3 e (V2,0 7
W45 T 4R B I 5 P ) B A & 5K U1 A% B R T A T4
TR ET SR AT Sl e LV AR A AL Fod B sl R Ay
AR R B P R B TR ER R LV N BT e, T Bl
VL V2B T RS AR R KR E R . 75 =4 1
O 5 ) 1) 0 BRI (R 2 TR 1, BRI 6C(E Sk I
B 7 1) IEAE R 3 7 1) o 3) 8 LV %R X (region
of interest, ROI) 43 A 4 N Z B« 76 LV 0 2R = 01 1,
DA 2R 1 v B B AN S B KO 32 S A B A 1) 1 ks
RO 43 76 A7 WK 43, 3 BT 58— 2R 9\ ) 2 vh sl i 7K
LK ROLAF N R PIH . 4) ¥ T AR B 4 R R4y
T GE SCR R AR T B (AB) | JE i B U5 B (PB) 0 2R
AT B (AA) AL 2R 3 J5 BE (PA) (Rodriguez Mufioz et al.,

2015) , LA 3 1 s i KA s i i A o0 B (&1 2) .
AN AR I KEEERTA EZZESHCN 1) X
FELEIT 0] /% , V1 V2 A 43 595 2 A7 75 (19 F 22 108 T 119
SF — T ) A S5 — WA 20 A AE I R LI ), O T BR
108 TAC 457 82 T 1) Xof o0 258 8 ARG P, oK 368 A R £ B[R] /RR ™ 1)
Ll A Ay A X 3 252 15 () R A5 43 0 5 2) A KT SR /N /% , 328 T E
PR8I A T % A7 A6 1 8 W T 1 B R E AR, Sy T
67



CREPRIE) 2023 45 (45 43 ) 45 10 0]

I 19 U D ARG LV AR A AR L 5 LV T AR LA Gl O
e KT FR/LV AR 1R g AR RN BEAT 43 # o
123 HKitFr &

F A % 2R i B U £ AR i 22 (MESD) Fow . R
JH Shapiro-Wilk 16 3 73 H7 BT A i 25 748 4 1Y 1F 25 43 46 175 0
(P>0.05 JIEZ 430 ) 5 38 3l G320 Foxk B8 28 5000 09 L

035/160
61 Hz

R Al B 28 Y 43 0 R FHAMOST REAS ¢ K 9 (IR S 40 A Ly 22
55) R (E A5 A6 5 224555 ) Fll Mann-Whitney U £ 5
(AR TEA A0 ) 5 £ 6 WU 1t 1E 45 43 A1 19 il >R H Pearson
AHIE 3B, 75 W 2R FH Spearman A 56 43 M7 2F-Ah 4% 2 % 22 1)
MR EME . P<0.05iA M 2 A geit 2 X

Time-Flow Curve

VE VI AR, =R AT T RS B 20T 5 V2 A AT IR B, S Bl 45 T4 B) = K 9 £ B VEM S04 P A @ 5 B 5 X B il o 4 4
Ak R TIRS F AR LA A £ B (left atrial ) ,LOVT 4 LV A tHiE ,RR A — A 3h B #.

E1 BE-RE#HLRE

Figure 1. Time-Flow Curves
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Figure 2. Four Quadrants of the Left Ventricle

2 HFR
2.1 AAhIARILER

P14 32 34 3 19 BMI Ml SBP L #% K483t 2% 7 L (P>
0.05) ; 55 %1 B AH [, 32 3l 51 41 /9 BSA 1§ il , HR . DBP %
i, ZRWA G E L (P<0.05)(F%2).
68

22 EAMFBOSHEAH LK

5% IR L 38 3h 5t 413230 19 IVSd . LVM . LVMI
LVEDD .LVEDV .LVESV .E .E/A SV .CO ZF ¥j# K, 22 7
¥ 883t L (P<0.05) ; PWTd ,RWT . LVEF .LVFS . A
AW SR 25 5 (P>0.05) ; & BSA K IE S5, P4 11
LVEDV HI SV A5 A 48 it 2% & L (P=0.02, P=0.03) (£ 3) .
WE 3 iR, i ) A R 5 32 10 200 L S5 78 1F
WAL N, A 340880 O BER IR B0 IR (LVMI
BE I, RWT IEF , BVEE 21 (0 2 2R 4 X800
2.3 ASE NIRRT A E

T8 I A2 — i FEL 5 g 40 v O Bl i 8 ) 52 ) s e e i Bl
HITRARSE K o ACHIFGE OC T 1 02 0 BIE ST 3k 40T (VD) FT 5k
M 3 (V2) 7 72 .0 %8 SE R R T B (AB) 4Ry it F
BT B35 9L L B AE O Bl A T RS A, A B T
A O WEA ), T 22 0 2= JE R R BE(PB) R 5 b
Aab (1 35BS B A D) S B PR ST ORISR OBE Y R AE
(E4), 153 G AT B2 32 305 78 VL V2 3 30 8
B 7 I S X RN TEGE 2425 5 (P> 0.05) 5 14 i A
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X4 S I [R] 1Y 22 58 W B ge it 23 L (P<<0.05) (% 4) .
24 ASEHRAKLKE TR FE R AMIEATG AR
SH

XiF iz 2l 51 20 52 AR 1 S B0 AT B B OGS A R B

V2-iR AT K /N5 LVEDD \LVEDV 1 SV £ 1EH 56 (P<
0.05) , 1 XiF W& 26 37 35 & 1 98 i AR X R /N Bl S 15 A S5
LVEDD ,LVEDV H1 SV J¢ . % A XA (P>0.05) (% 5) .

x2 EmRAMMRAEZAEEMIEIRLE

Table 2 Comparison of Basic Indicators between the Athlete Group and the Control Group M=SD
E E3) {H4A(n=19) X R (n=19) P St F ik
HR/(R /%) 66.68+6.58 73.88+11.34 0.022 oo
BMI/(kg/m?) 22.81+1.75 21.96+2.37 0.217 Mann-Whitney U# 5
BSA/m’ 1.814+0.08 1.67+£0.97 <0.001 [Eoos
SBP/mmHg 112.68+9.14 111.84+5.41 0.732 [Eoos
DBP/mmHg 66.79+7.39 75.58+7.26 0.001 [Eodos

R3 EBEHRASNREAENES CHESHILE
Table 3 Comparison of Conventional Echocardiographic Parameters between the Athlete Group and the Control Group M=+ SD

B 3 7 48(n=19) *FRE28 (n=19) P it ik
RWT 0.37+£0.48 0.37£045 0.795 Mann-Whitney U# %
LVM/g 152.424+27.79 117.84422.26 <<0.001 Mann-Whitney U #3&
LVMI/(g/m*) 84.45+15.45 70.24+11.26 0.003 Xy
IVSd/mm 9.22+0.97 8.17+0.87 0.001 AR I
PWTd/mm 8.76%+0.79 8.49+0.92 0.342 AR
LVEDD/mm 48.71+2.77 44414255 <0.001 Mann-Whitney U# 3
LVEDV/mL 111.63£15.02 89.21+11.36 <<0.001 Mann-Whitney U #3&
LVESV/mL 34.89+7.50 27.631+8.43 0.008 Mann-Whitney U #& 5
SV/mL 76.74+9.45 61.58+8.57 <<0.001 AR I
CO/L 5.12%0.78 4361+1.23 0.029 AR B
LVEF/% 68.94+3.58 69.29+6.34 0.834 rAR I
LVFS/% 39.084+3.53 39.00+5.02 0.956 PHE R
E/(c¢m/s) 90.76+15.49 79.681+13.46 0.024 Mann-Whitney U #& 5
A/(cm/s) 48.47+11.64 49.11£12.23 0.871 ¥ ooy
E/A 1.95+0.46 1.68+0.34 0.046 AR B
050 ozsRa 3 Wik
ari 38R 2 vk Bk 2l BRI S A 5 L Pk 0 G A
= gasl BEAT RS L B, AR X B4, 35 20 B3 4L B LVM AT LVMIT A
E | : K ELB A L F VKR Z B 5L PWT WA 80 (1 % K
o 040 e et aaan o e i 12 mm. 2016 4F 3¢ [# # 7 .0 3) K] 15 25 ( American Soci-
%\%: ety of Echocardiography , ASE ) 1 Kk i .0 IfiL & 5 1% ¥4 25 (Bu-
g’ 0351 ropean Association of Cardiovascular Imaging, EACVI) % i
N 0 A U T 5 5 A0 RWT VM 75 % L
030 sm cwy Al 45 48 43O 4 25 - E R 4549 (LVM IE % /RWT 1E %) | ] 0

40.00 60.00 80.00 100.00 120.00 140.00
A0 F R H (LVMD / (g/md)

B3 EzRAMMBAZIRENEZOEEHSH
Figure 3. Distribution of Left Ventricular Structures in

Subjects in the Athlete and Control Groups

PEAC S (LVM 34 I/RWT 340 ) | 850 PR L JE (LVM 34 i/
RWT 1EH ) Fl [0 PR 4 (LVM IE % /RWT i) ;s RWT >
0.42 WA g8 )& ; 55 ¥ LVMI(LVM/BSA) > 115 g/m* % 1
LVMI(LVM/BSA) >95 g/m” # 1A 4 LVM 34 Jiil (Lang et al.,

69



CIRBERIE) 2023 4F (55434 ) 5 103

2015) o AKX —bRifE , AW 5T 8 S LAl R 2 ik 42
OB USSR A2 E w S B N L AUA 3 4408 30 SO IESR L &
BN (E 3) o X n] BE 5 vkBko2 — 300 = 5 B sl sk
(>70%V0,,,.) il i 26500 BF #7251k (20% ~ 50%MVC ) #H 45
A BYE Bk — 0 H 5 a5 A & (Levine et al., 2015) , KW &
SR BE ) 2532 Bl 0 WL AE T 1 i O B S i DL R A
J& 1ML 4 BH F7 B AR (Kovacs et al., 2016) . 22 BSA K iE )&,
iz 8l By 4 2R 1Y SV M LVEDV 13 B B 0 F ) B4, 4%

7 M TS Lo F UK BRAZ By 50 W YRR R A 5RO 22 0
R AR AR S O E A . AW S s R4l
Z i & Y LVFS \LVEF . E/A & UL 5% o % 4Lk 9% B 2=
1E32 3 5 H H I GB35 R AR 1Y 38 3h 5L B0 R IR
RAT 618 3y 50 IR B RE AL, AR 9 0 .0 JIE&F 5K 39T AR
X AT, B OR02 Bl S 0 JIE TS 4343 i T L fe R 5 2 B IS
B0 L 57 45 B TR B K &L (Levine et al., 1991)

EVIAARTH, ik 2 2RI D HANLCFE, R G TF BT R AR IR, AT B R AR A AT, B T AL B R
B4 7 8 s V2 AT IR BRI, 22 A0S BMCH iR R EN R S B ORI AT B A — AR B A 7 8 iR

B4 iE3h 5 AR RAR T m 2 E
Figure 4. Blood Flow Vector Plots of the Athlete and Control Groups

®4 EHRAMMBAZREFLLERRSHUILE

Table 4 Comparison of Left Ventricular Vortex Parameters between the Athlete Group and the Control Group M=+SD
o V1(n=19) V2(n=19)
xF F8 28 EH R4 by EF) R4

iR 7y ey OB 4/ B 41 ) 19/0 19/0 11/0 18/0
HAF R AN % 15.79+£8.74 15.94+5.22 8.631+8.92 11.41+4.88
AR A S 019 /% 12.3248.08 20.88+7.20* 2.33.£2.75 4.58+3.28"
BRI R AB/PB 18/1 19/0 11/0 17/0

PA/AA 0/1
AR E AB/PB 11/5 13/4 0/10 0/17

PA/AA 0/3 1/1 1/0 0/1

E R P<0.01(GE3) i vs 3 B AE, 146 35 ) s #R = P<<0.05(i&3) i vs & B 40, Mann-Whitney UA& %) ; V1 475K V2 475K B 2 .

T 5K S A 0 I TR PR R A 0 BT SR D) RR AR
i N R N A IR SRR ) S SR GRS 7R
fEA & (Matsuura et al., 2019) 5 38 5t JE A% s [8] o 9k 1Ak 2
A Akt FE £ BEA B 4 22 — (Belohlavek , 2012) . A #F 58 WL
F|, GXFRAM L, 18 30 B A ZUE I VI V2 IR RS
A ] 58 25 A4 (P<<0.01) o 3 W] A 55 1 it A6 &7 5K 4 1 22 1k
FUEAT O AR P IR B (V) 220 B AL T 3 3h e 2 o B
70

K B3 2 I B AR 1 T 1A Ze 0 By (LA i 3k — 991
F W 00T ) 3 A 220 % (LV) |, 78 R0 G /T T
DA R Jr 3 T, AT TR 14 i L R O
FEHE MM LA B LV 412 §ii (Martinez-Legazpi et al., 2014;
Rodriguez Mufioz et al., 2015) ; & 5K B (V2) , PG B Y 4
e B AL TR B SR B BL , A6 200 B I A A
s B I TR I, IR T D ) AT A 3N, 78 S I A



SKEIME, AR MU ) AR E AN TS Lo 7 VKIRiE 3l B3 200 28 ML 3 1 “E R IE R 5T

FREf, R 25 40 nd 5 M (3K HT 25, 2015 ; Rodriguez
Mufioz et al., 2015) . £ IfiL Jit 3 J 30 B, 30 L7960 38 K
i 5 7 e e SO0 DR 7 2 5 R DAY L R O AR Y
ML A BT 7 AR e e e KRR A B 8 U (Mele et
al., 2019; Zhang et al., 2012) . A% P LT & FrkEkiz
Bl 5L V-3 RS2 IR 8] 5 V-8 3R RN B IE R OE
LA 2 I [ K AT L sl e S AU 1 43 1B L G A R R
SEFETO) , I IR B B AT 2% AR 14 fig 1 IR 3 5 26 A A
HAEH) (BEBE3, 2010 ; Charonko et al., 2013) , A By T4&
LB 1% 0 T 20 5 I A TR AR B, 8 0 IE T g ; W]
B, 675 20 F vk sskiz 8l 51 V2-IR AR KN 5 VIR A
¥} A/ \LVEDD ,LVEDV , SV & 1E A 56 7 (P<<0.05) , 7] I,

TE &T 5 399 103 0 A S AR S R0 Y 101 TR 2 A RE S 1 &
T6] B I il T AS 7 AR i 22 B9 B i 450 A8 I B3 IR 1 , A
7 PR ALE 27 0 %8 25 B F8 280 AN Sk 35 19 m i 75 00 R 36K
S ) T N 8 B 5L A DK B L B 4 [ 7 2
T3 (WHR ) >90% HR, 8175 B0 R 430 78 2 1Y 1810
i, i i O BEE S 1M D) BE 6 AL Az Bl UL AL A BE A A OR
(Martinez-Legazpi et al., 2014 ; Nogami et al., 2013 ; Spier-
ing etal., 2003) . F3 41, E/A VBN VT4 0 IE£F 5K T B8 19 48
B, A5 H R DL S, 25 1T B R e U A 5 I [ 38 i -
AR AT 5K D R FE S, X 5 DU O E I IR T 0 0 B
5% (B} 5% ik, 2014 ; Bermejo et al., 2014; Eriksson et al.,
2013) A —HH

®5 BEHRAMMBAZRELOCERBRSHSENBE LHESH ELERNEX ST

Table 5 Correlation Analysis of Left Ventricular Vortex Parameters with Conventional Echocardiographic Parameters

and Basic Data in the Athlete Group and Control Group

B i 2 (n=19)

St &2 (n=19)

A& T AT Vl-vortex Vl-vortex V2-vortex V2-vortex Vl1-vortex Vl1-vortex V2-vortex V2-vortex
duration size duration size duration size duration size
Vl1-vortex Pearson’s correlation 1 0.497 0.170 0.405 1 0.647" -0.167 0.072
duration P 0.030 0.151 0.085 0.003 0.495 0.768
Vl-vortex size ~ Pearson’s correlation 0.497" 1 0.343 0.627" 0.647" 1 0.194 0.440
P 0.030 0.151 0.004 0.003 0.427 0.060
V2-vortex Pearson’s correlation 0.170 0.343 0.370 -0.167 0.194 1 0.829™
duration P 0.151 0.151 0.119 0.495 0.427 0.000
V2-vortex size ~ Pearson’s correlation 0.170 0.627" 0.370 1 0.072 0.440 0.829™ 1
P 0.486 0.004 0.119 0.768 0.060 0.000
LVEDV Pearson’s correlation 0.282 0.354 0.273 0.483" 0.152 0.046 -0.179 0.034
P 0.242 0.137 0.242 0.036 0.536 0.852 0.464 0.891
LVEDD Pearson’s correlation 0.269 0.349 0.260 0.480" 0.241 0.144 -0.176 0.059
P 0.265 0.143 0.282 0.038 0.320 0.557 0.472 0.810
SV Pearson’s correlation 0.290 0.309 0.172 0.460" —0.188 -0.052 -0.109 -0.009
P 0.228 0.198 0.480 0.048 0.441 0.832 0.656 0.972
PWTd Spreaman’s correlation -0.199 -0.271 -0.097 -0.466" 0.307 0.122 0.029 0.219
P 0.414 0.262 0.693 0.044 0.201 0.619 0.905 0.368

7% : V1-vortex duration, V1-3% 7 A8 2+ 4 4 i 18] ; V1-vortex size, V1-# 748 25 X ) ; V2-vortex duration, V2—i% 7 48 % # 4 B 1] ; V2-vortex size,

V2R iR ARAE K ;¥ & & P<0.05,** & 7 P<0.01,*** & 77 P<0.001,

i b SR gl U2k 9 3 T80 3 & PR EE, K
45 0t JEE 20 2502 Bl i 2 T uKERAE 2l 5% B0 IR T 68 A
I, BN ZE 0 AR R SRR A AU N, £ # BOARAS
38 8l B B R A QA I I AL T e E e fi
T K38 AL RE 0 W | 22 T Y B AR R O AR G R T ) T
T, DA 4 R 7000 28 FE 0RO JUE & 5 Dy RE Ak B o 22
e/

4 MERHBRME
WF5E Y Jm BR A 5 AF 98 1831 WF 5 40 ek LA e 35 R i
JRBRYE . B —  ARWFSE B A b & T ok ekis o 5D IE A2

LB AT A LA R 3 T B L R 22 5 . [H RIS B B
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The results indicated that the cross stress adaptation hypothesis and the antagonistic stress hypothesis explained partly relationship
between physical exercise and psychosocial stress. There were dual mechanism systems of physical exercise in affecting
psychosocial stress, i.e., the HPA system can promote habitual adaptation of the stress response system, and the neuro-immune,
emotion, physical fitness and MGBA system can increase the positive states of the stress response system. Based on the dual
mechanism systems, the following physical exercise programs were suggested: 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, resistance and HIIT were recommended to increase the adaptation of psychosocial stress.

Keywords: physical exercise; psychosocial stress, cross stress adaptation; antagonistic stress
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Evaluation of Left Ventricular Eddy Current in Elite Female Ice Hockey
Players by Using Vector Flow Mapping
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Abstract: Objective: To explore the changes of left ventricular vortex in elite female ice hockey players who conducted long-term
high-intensity exercise training. Methods: A total of 19 elite female ice hockey players (athlete group) and 19 healthy young women
(control group) were examined by transthoracic echocardiography, the vector flow mapping (VFM) technology was executed to
calculate the rotation direction, position, relative duration and relative size of the vortex at the early diastolic phase (V1) and late
diastolic phase (V2) under the apical three-chamber view. Results: 1) No significant difference was observed in RWT, PWTd, LVEF,
LVES, and A between the two groups (P>0.05); compared with the control group, the IVSd, LVM, LVMI, LVEDD, LVEDYV,
LVESV, E, E/A, SV and CO were increased in the athlete group (P<<0.05); standardized by BSA, the significant difference was still
observed in LVEDV and SV between the two groups (P<<0.05). 2) There was no significant difference in position, direction, and
relative size of vortex at V1 and V2 between the two groups (P>0.05); however, the relative duration of vortex was significant
different at V1 and V2 between the two groups (P<<0.05). 3) The relative size of vortex at V2 was highly correlated with relative
size of vortex at V1, LVEDD, LVEDYV, and SV (P<C0.05). Conclusion: 1) The cardiac structure of female ice hockey players shows
normal exercise adaptation, the cardiac systolic and diastolic functions are good. 2) The duration of the left ventricular diastolic
vortex in elite female ice hockey players is prolonged, which enables the fusion of multi-directional blood flow without excessive
energy loss, and increases the left ventricular volume without significant increase in filling pressure. The abovementioned changes
are conducive to ventricular compliance and diastolic function, and helpful to 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 exercise.

Keywords: vector flow mapping, ice hockey, vortex behavior; cardiac function
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