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B (FAO) OffEatTix, T 14 & 6800 HEANfAE I N TWD, HARTIE, 7RAE
KR ORMENIRE Y, TR L bICHMZHTROEERTHHE L TUUNE
MEniz, BPHARCIE, SRNUEDWE K&, EEFICHEY, SERFEEAEML, 2015
O BMOKFER ORI LU, JLHA 137 HE, WH4 249 HHN H R THE S
nTnWb, EIZ, AHFL LTHEALRZ A U4, ARG E L TEREBRRES D FHE
I, AEF, ARG EANEEINTWD, BUUTIE, BRICINZ, FRNPLAEE
LT, #ERVHEEIEEOFERE LTRSS, it hOAEFIIERS ZEDT
ERVWEBEREETH D,
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U ¥ DOIEHR D RRAL & HERFIZIZ R HFEAE SN D PaR BRI X TH Y (45,
57, 60), ET ICHBWTILH PyiRENZIRICHELZ RIFTEELRBER TH DL & S
NTWD (57, 64), LaL, M PadEOMEICIXRH & REN 0057120,
S REEEL L THWD Z EIIRETH D, MF PaiE & FIRIAICIRIE
OHENROND Z ERX o> T0D (4, 36, 65), ZDZ &b, ZRED
BERFICEBRESCHE TR ZHEEEZ W TEHERERLHEmME L T2 2
& THIREREDORHME 21TV, X FOBEEIT>TWDH, £72, ET OZEFEL
M ESEL0IC, ZWFOEEEELCMS POREZST Tide <, EET L0
fam s (R KEA T LW BLOmf=x k74— (B) BEEIC
EOEZWEERET HHIERIR SN TEZ (12, 28, 56, 64, 84), LvL,
ZHRFEOM LIZITER > TELT, HEREECINRmAE L LM s L2 Rfo
BEICIIRAD DL EE 2 OND, £, TF, BEWK N7 71E%2 Ay CTHEIN T
O YIS 5 AT i 1 2 72 13GBAT B 0 B AR 0 i R BY BE D AT AT TV D (1,
2, 30), MEARMFEEITM P PARELHBEL TRY, SEKEOFMEL LT
DA RMER RSN TS (30, 52) UL, ZR4F0 ET finsH ET KO K
Mt & &tk & OFEEIT A< LN e T 6T, EHEMKEIZZ W4
BEOHELEL L THEHA I L TR,

ZIZ T, RBETIIEER N7 7E2 A0 TZER40 ET fioy S ET B o # K
MEDOINT 2TV, ZRFERZRAFITHBIT 2B EOIE L REOHER O

AT 5Tz, S BIT, HRMGE &7 R AR TR FESE 0 ZRARE L L
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LTHERTH 2R L, 16k 5 MV 5T SRERC M Pyt &

PEAR T O HG BE D LLi 24T - T,

HBp 1 BT B fkE (BFA) % H\ =2 R4 8 E HIE O M

MoEE K OV 15

HEEE)

B RAICHERE T, Dtk 50 B UL ER® L IER 2R IERM 2 AT 2R 1A 4 A
VREREPEL 65 HH (4.21 £ 0.27 5%, 2.50 £ 0.23 pE, P fEHEREE) 2L
7o, HERRAITESIRN 1 BERFEDO 7 U — A b=/ L4EIC CRLELR L OYRIE ik}
PMREG S TMR 36 5- S, BHRMKTE 2R CHE STz, 2R
1H 2 EH#EIL S, P EIL 28.29 + 2.42kg/H (FH) + FEAEHEE) Tho
oo RT 44— T 4 arAa7 (BCS) IX Edomonson & (20) @ 5L

HoOxRERICHIEL, 3.50+0.08 (CE¥ + [EHEIHRE) Thol-,

ES WiRiS

EERATIT B RICRIEREE LY v (n=34) LRERBLLEZIT2D
v (n=31) ML, BIEHKIAL Day 0 & L, Day 3, 5 8LV 710
W2 M E A2 W CHEAERE (R REZTORmE), EENEEE (kK
B TORKNEOW ), mAHMKEEE CGEARmE L mEARNEREOE), £
i S e T AR (e KL C D Wi £ , S 1L 3 o A (e K ELAE C D L i A ; BFA)
B LS ABIR O B AR B35 00 IRy #1212 fe KLt i B2 (TAMV) % HIE L 7=,

£7o, BERBRARICIEPRHIRE Y R 21TV, W PR 2 8E L7z, Day



WCEARERD 20mm UL ETHD Z 2R L, 5B8EHD U I REME 4 DR
1 OBHE L7z, 1, Day 7 O EEMBERS L OEMIEL ET AilZ1T > 72, Day 30
BEREBRZEHEE 2 AW CIRIEZK 21772, R 1 o781 Fa— /Lo

X% Fig. 1-1.1TR LT,

JE 1 [F K 05 ¥k

D 9 B 34 BHIFRMEFHLLE 2 1THT, BRICEEREE LY v %
L7 (BRRER) ., #ERBLA % Day 0 & Lz, RSLFREER (n = 31)
IX Siqueira & (77) OFIEICHESE, LT O L ETREEGRPMCQEZIT - 72 ;
Day —12iZ2mg =R b T VA — VL EEFRE= AT NVEAl (EB; =& T UF
— /W TKS) ; dEsr B S A, B, BHA) OfRNKRE EENIC1.9g 7
0y A7 u sENEERRKA (CIDR 1900 ; Y =7 4 A« ¥ x N U
e, B, HA) OffiA, Day —2 (2 CIDR1900 O$%F LT 500 ng O 7 1
AB 7Ty (PG) Fea HigxEHAl (/07027 )= 22T AL b
T EEMKASHE, KE, AA) OfRANESE, 20 24 FEE#% (Day —1)
(2 1mgEB O AANKEG 21T -7, BIGFRIUETIEDO T v b2 — L ORAX %

Fig. 1-2.12/r L 7=,

ET

RIVA B A FEEPENR D Day 7 1281 2EENHEEROY 4 XIXERL 19 15
28mm & WS THY (50, 93), ER 20mm LA O KA FFO 4Tl 20mm
R DOFIZlE LT ET OZBR/EHWE SR TS (56), /it~ T, Day7iZ
EARY A X ER 20mm Ll ETH D 58 BHICH —HiHE 2 ET #17-o7, i@BF

PRI L EL LW Al 217> 2B EBMAES 2 5B =11, International



Embryo Transfer Society (http://www.iets.org/) ®43¥EI2H3 %, quality grade
1 B LV developmental stage 4 DR CHrfEEAR ; n=22, HHAESEAZIAS ; n=36)
AL, BRESTEMASEINEADT T —T )V (£ 4 5 IV UVERTE
RSt Ko, AA) 2R L, HERNOTFE ARSI 1 >OREBME LT,

UE W2 W
ET #% 23 Ho% Y Day 30 |2, 7.5MHz U =7 70— 7 B L7 R 5
FHE B2 EE  (Tringa V linear ; Esaote SpA, Genoa, Italy) ZHW\THa

FOFEB LD EIEE L L TT o7,

YR B oD 8 3 I AR AT

AEWHRA L Day 3, 5 B LTI 72, ik E EFINROEIL, 7.5MHz
DY =7 Fa—T7 R L REGEE RS2 K EE (MyLab five ; Esaote
SpA, Genoa, Italy) ZHWT B-E—RNIZLVEEL-, Yu—T%2FHRL Y
CEMBPICHEA L, ZE4 WM OB E & 285 L, ERINE E I3 AR o B
DI RKIZ/2D X ICfFlEmzisk L, XY ar RicirilbmEs B S, Hikm

RN KO ERIRERE A RE Lo, £72, Day 7128\ TEFIH
R DAL % R L, [A— IR NS TR & 7T 256 2 RMRE, SN FIET D
ONEL L VI BCH I D IR B AFE T 2356 A dHAlFE & LTz,

WK IE, 7.5MHz OV =7 71— 7 38 L 7= R 5 8 3 0 1 1 22 I 42
& (MyLab five ; Esaote SpA, Genoa, Italy) % T color-flow Doppler
mapping mode (Z KV BIREEIT o7z, HKMKOBME T IEIZT 0 —7 % Ffa &
EBLICHEBNICHAL, BEICHEBEZN L T o -7 2EESETHELRZ

Bl U, BERMIESERERN R KIS L) el bl 50k L, BFAZH



H L7 (Fig. 1-3.),

AR, HANEERA, TWIMEmER LU BFA X, Rk Lo xRy
2 UNIZEY iAZ, Image J (version 1.49 ; the U.S. National Institutes of
Health (http://imagej.nih.gov/ij/), USA) % I\ THEH U7z, B m R %
EARHEAE ) O EARNPERFE 2 22 LW THRH L7,

IRERBIRA & 43I LONBE B N & E1TT 2 & ABIIRO BRI E I 7 v —
TxabY, MtdE A2 EL TAMV 258 H U7z, s B RE AL 4 Fig. 1-

4.1Zx L7,

1 4% Py 3 BE OO HiE

T BRAER (Day 8, 5 BELO7) 12 21G #RilLEt &~/ o B 2257 1 2
(R Y= NEZRNE, TERUMO, Bit, BA) 2V, BH#IkRL Y 10ml
DM ZIT > 7o, BB E HIKA L, 30 7 LANICImE% 3,000g, 15 43 i O
BT, PaJlE £ T —30°C THURERT Lz,

TS ERAT S U7 A 2 8 B AT SRR CRliR L, BERE il (BIA) (2
L0 MR P 2 I Lz, T8, 96 /X7 L — MIHL 7 % IgG Hilk (Cappel,
Cochranville, PA, USA) #WiaE S5 Z & T, #H_PukEHILT L — N &21{E
WL, BRI, 20K E Lo ¥ IgG ik 2 88 —HEA K (50
mM NaCO3-NaHCO3(pH9.6)) T, 15 ug/mL AR L, WL 7-H Pk
TL— DK T =2 100 uL TN E Lz, # Pk %E2 7L — MCWaE S B [E
FibEE 2570, YL— 22— LT, 4CT2 HEFHE L, TDk, &V
= )L%& 200uL O 7 1 v & 7R (20 mM Tris-HCI (pH7.2), 0.5% (w/v) 4-1fL7E
TNT7 2 (BSA), 2% (wiv) TEA LY, 0.01% (wiv) FARY—L) TY

A LTz, VrAth, 7avyx 7%z 260 )L HE Y = VIZhEL, T F

10



TACITRAFET LI LICLY, PR EMET L —FDT 0y F 2 72175
7

EIA 4T, 1R U728 " PUREMIT L — F &M A L, miEh Py & ~r A
XX —+¥ (HRP) #Zik P+ (Cosmo Bio, FKA-301, # &, HA) %, Hi Ps
ik (U ¥k, CosmoBio, Hil, HA) T Bk, HRP OEE A
NV T x=L Y7 I (OPD, Wako, KBk, HA) 28 HRP O RJSIZL D 492
nm (WA K Z R OME 2R L L, Mg PaoER&REITo72, BRH
I, B PUREME T L — b T ey R TR AR RV, £ U oL
Z 250 pL DO PEFE (10 mM Tris-HCL (pH7.5), 0.3 M NaCl, 0.1% (v/v) Tween20)
THeHr Lz, Bt 0K U = Vi, T, IEMERLEL L 72 7 Vil THAR L 7z i
HEig (36, 12, 4.0, 1.33, 0.33ng/mL) K ONMHEZE 4 7 = /LI 25 uL 37055 1F
Uiz, i, HEEEOERICIE, v 7~ bA L Py (SIGMA-ALDRICH,
St. Louis, USA) Z MWz, 5l&HE, 100 pL Kok (50 mM Tris #% 1%
(pH7.5), 0.2% (w/v) BSA, 10% (w/v) FAu¥—) &7 = /VIZHELT,
S HIT, RISHET 80 F{EMIM Lt Pafudk (7 Kk, FKA-302E, Cosmo
Bio, H i, HA) 100 uL & Tris fEHE K T 16 547K L 7= HRP #&5% P4100 L
EHTzVICHEL, FL—hEY— LT, WIRT 3 HFREIELRA v F 23—
MLz A FaX—1 8, FL— a2 4lPEE L, HiF#E, 100 pL OFEE
e (0.2M 7 = gtz ik (pH4.5), 0.03% (v/v) H202, 0.05% (w/v) OPD) % %%
T VIS L, BEETIZT 30 23l A ¥ 2 X— K L7z, HRP {2 X % OPD O %
BIOSZF 1L S 572012, 3M OFilE4 50uL 2% U = /LI A 7z, 1455 H
DIRGEA VFaX— Dk, v 7 r 7L — KU —%— (BioRad, Hercules,

USA) #FH\W\T, & =x/L®D 492 nm OW A HIE LT,

11



e BT LB

FERIT TN CEYE = EENERRSE TOR Lz, HTREIR & USRI O 32 16 2K, |
SRFEIEIE & ML R E R OBAE & 21 X OVEFIP L o [RMAEE & S aE o
SO AT S 72T, 7 4 v ¥y — O EBEREHEIEE Wiz, 2L
REZBRFEC BT, SR, s A, /I amfi, BFA, TAMV, BFA/
PRHIfE, BFAGE(RMAEERE L, Day 3 2% & L7 BFA & TAMV O %}
A2 bt K OVMLAE Py il BE DS D 2 FER D ZEDIRE 1T 5 12912, FAKUED
M0 R LRI $ 70 D ZonBL B BT 2 AT W RIR O 2L DA B2 T~ T,
RHAEMNAE CTh - 7254, Day fi:lC Bonferroni % & i & 21T - 7=,
F 72, ERMINIAO FGIEE & S RIEEC I T D SR mRE, PRk mRE, 320 9P i
fif, BFA, TAMV & X O Py iR OEHMHED 2 FEF O ZEDOBREH1T 5 128
2, Student D t REZAT o7z, FatLBEITITHFHLEEY 7 F 7 =7 SPSS 13

(SPSSJapan, HL, AA) MWz, fali= 5% Kl (P<0.05) THEED
W& Lz, Day 7 IZBIT DR THIKF & LTEDRF LR BENAL TN D%
FARD=0IT, B VAT 4 v 7 BRI EAT o 7o, MEBERIIZ M OME, ML
BHEAIE 10 N+ (i, PERE, Wt A%, BCS, EMINQmAE, &AmE,
FHRM M mEAE, BFA, TAMV 3 X O PaiRfE) & A/,

WERPBHNENTWD 3 SDOMERTHIK - GURmAE, MAEMM&EAE, M
HEPAREE) LB LWET (BFA B XN TAMV) O 4LHR TG B O ik 217 9 7=
¥IZ, receiver operating characteristics (ROC) f##r%1T-7-, ROC Ehft%
{ERt%, Perkins & (61) O ICIHES X ERE LK REN 100%TH 5. LB L

DBtz T L, T OWBENR/NE R DR 2 RER 7y N THEERE LT,
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2) kR

SR, MoOREE K OPERE O Hk
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WL, FEEB A HEBRE Lz, MBI 206, ERE, 2% B IO,
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BFA O## % Fig. 1-5. AR Lie, s RBREIMY, MEEicis VT BFA IXKRE
ML, Day 7 IZBW TR RZHRBEICHR L THRICEWMEZ R L

(P<0.01),
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WEITHIM LA B R AEITE O b h o7z,

Day 3 # %L L7z BFA & TAMV OM*HZ L% Fig. 1-6.127~ L7z, BFA
I Day 7 BV CZBBERSRZBELKR L CABICEWEZ R LD (P<
0.05), TAMV ([ZIEWi#EH CTHEZRZITRD b2 o7,

BFA/# (AR b 3 X O BFA/S KM m A L O HERE 2 Fig. 1-7T.027R L7z,
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BFA/ZE R HFELE1X Day 7 ICB W TR IRREN R IR HEIC R L THEICE VB
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FiR, ERIIEE K OME Py S OHER
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O HE P OHERE & Fig. 1-9.0C /R Lo, BRI PRSI L, Zhs
KORZIBHECHERZTRD N2 D 5T,

ARG RERS KL ORMMERERICEH T 5, Bk mfE, BAMkmfE, £k
HAER L O T Py o % Fig. 1-8. C-F IZR L7z, MBEM CRERICHER
L, BAERETRO IR T,

TS IR O [FATRE & eHABEIC 350 ) 2 IR A m fl, SR R, SRR Rk 7,
BFA, TAMV, M PsiREES X O BEO KA Tablel-3.0x Lz, Ik
FE, SEAMMEERE, BFA, TAMV, MmiE PajER X0 ZITWHER THE
IRFENLTRD DIV Do T, N DI ARV R A R IS e L TR RIS A

WEAZ R LT (P<0.05),

B AR A T B (T K D AR T

Zh OS2 R AS, 10 A+ (FFim, PERE, /5ietk A%, BCS, EJWiii
wFE, BERERE, SRS, BFA, TAMV i X OUSE PR E) &S24

L7, 5120 o VAT 4 v 7 AR A IR L, A XIEFWEFREUEN KD
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LN TCELHRRE, AR & Ot Py B IR T A A Tide
<, Day 7282 PHEIZZNZEH 0.458, 0.620 3 L 100.715 TH - 7=,
ROC fig#t o fE R % Fig. 1-10.42/7 L7z, Day 71248 T, BFA 2L THIC
KOENTZRTFTHDLZ N nrolc, EHIZ, Day TIZHEIT DR RO 29
DAy WA O A Table 1-5.12r L7z, BFA ® % v b4 7 fE% 0.43 cm?
ICRET D LT, @MWERE (79.4%) L FPRE (75.0%) ZFRIFFICED Z &7

T&T7,

1-3. ¥R 2 : ET B BFA & MW 7 52 IRAE E 5 15 O PR 3L O BiGE

D e R OT5 ik

fLElE Y

ARBR 1 L RRRI, BRIRADICHERET, 0tk 50 A DL LRGIE L IR 22 5815 8 1 2
BT DHHRNAL A FEREFES 38 8 (4.02+0.31 5%, 2.12+0.20 £, F¥) +
ERERR ) AR L7, R IEEE 1 tR-BGICTRESh, MERER
K O EIR UL RIBR TdH - 7=, BCS 1% Edomonson & (20) O HiEIZEED X%

HHICHIEL, 3.41+0.06 (CF¥Yy = FEUEGAE) Tholo,

e REs

bR 1 L RIERIC, BIEAREIAZ Day 0 LEFK LTz, Day TICH T — 77

BN EGZWrEEE 2 AW BFA OHIEZ1T o7, BIRNELN 20mm LA ET
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5 Z Lzl L ET 217\, Day 30 ([ZHE G & B B2 WriE & 2 v T

R AT -7, B2 07 ha— 1L oK% Fig. 1-11. ([Z5x LT,

Y[ B D 8 5 I R AT

Day 712852 EARERB L O BFA X, 75MHz 0 ) =7 7 u—72 &L
TR G R I m g 2 W (MyLab five ; Esaote SpA, Genoa, Italy) % H
VT color-flow Doppler mapping mode (2 X 0 #5417 > 7=, BFA O 7k
X, =T & FRE L BICEBNICHEAL, MEOWEER LB Lz, HIKE
BNIRKRICD X ) e bmizzeek L, R 1 LFEEKROFET BFA 2H L

7’9—
—o

ET
AR 1 L FERIZ, Day 7TIC8EY A ANELRE 20mm ML ETHD Z L 2R L
[F— i # 25 BT 217 > 7=, @R PEINGE AL E F K O AT 217 - 72 BB
5AIY &4, quality grade 1 3 L O developmental stage 4 Dt CHEEIR ; n
=18, WAL s n=20) ZMH L7z, BAESIZEMAZRINEAL T —F v
(£ 45 IV VERTLEKRSH, K, AA) 2L, mEMOFEHE

i1 >OREBEE LT,

TEYRE2
ET #% 23 H>% Y Day 302 7.5MHz UV =7 7' 1 —7 )l E L 7= EG#EE
HEfg 2 Wik (Tringa V linear ; Esaote SpA, Genoa, Italy) % HAWTHE 7

DIFEB LDz EiE & L TT o 7,
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BFA Ol &

B 1 & RIS, BT 7.5MHz © U =7 7' a— 7 A HE LR E R
TR m g 2 WL E (MyLab five ; Esaote SpA, Genoa, Italy) % VT color-
flow Doppler mapping mode (2 £ W B2 21T > 7=, #HKMIKEOKRE T IEIT T =
— T FRL L bICEBNICHAL, HRICEREZN LT o -7 2HES
HCHEGR 2B L, BERMRITEERERES R KRICR D XD ik 4 flfk
L, BFAZ®H L7, BFAIL, ek L7-mEz Y a2 WIZEY A%, Image
J ( version 149 ; the U.S. National Institutes of Health

(http://imagej.nih.gov/ij/), USA) #HW\WTHEH L7,

#2518 H

RER 1 THRELZBFADOH v A 7H 0.43em2 Ll E D L A BABMERE (n
=15), 043 cm2 RiFDO v v ERAERMERE (n=23) & Lz, BHEMFE (Zh
THLHELEY SO bEBICER Ly v 0RE), BiEmRE (kL
WEHIE LT YD) bEBICZBLA» -2y v OBIE), BE (ZHhT 57
DI HEMBTHEHETELEE) BIURRE (ZIELAVT Y05 bk

LAaWEHETELEE) 2HHL, R 1o/R LKL,

fEEA 38 B 16 B ZIE L, ZMBRIL 42.1%ThHh o7, i1 THRELE
BFA ® 71~ h A4 71l 0.43 cm? LA L OBA G IEREIT 15 BH, 0.43 cm? Rl O B A
EVEREIT 28 BHCH o 72, RAEGVERE 15 8 CEBRICZB LY VX 1358, &

SR THoTU VT 2B ThoTo, £/, MARMEE 23HP TZHB LY VT

17



SHH, RZBETHT-T VL2008 THoT L EDOZ s, BERF R 86.7 %
(13/15), FEPERY 3 87.0 % (20/23) , J&E 81.3 % (13/16) 33 L VR E 90.9 %

(20/22) T -7~ (Table 1-6.).

RE T, ZIREEE RZIRBECEB W T ET 5id D ET REO 8K M & O HERE %
W U7z, ZIRBEIAZ G REIC R L C, Day 7128 T BFA, BFA/S {4 fE
ek X O BFA/E R IEEIE RN A RICEW I ERHL MM E 2572, £72, Day

ICBWTIIRER D FETH 5 R H M, M PaRE° TAMV & i L < BFA
DIEIRTFRICAM TH Y, Uy P4 7EE 0.43cm? (ITRET D Z & THIDOKF
ICHB L TRV E LR REZFRRFICH D 2 LN T, BMERZRT V>
DI HERTHEHETE 2EEG, HEREIZHBLR2NWT YO BEZE LR

CHETEDRETHY, MELFERENLBIIEVERKERHVWEE ) 2 L

=

MWTEDH, o T, BT — T FIEICK D BFA ORIEITSZ RO 32 MM O R
RZMFEOREICAEMTHL LB LN,

B 1 LV, BAEEHSIOMEEEEHEICSW TBHE L ZREICAR
IRAEVTRD bR oTlz, £, —MRICHRERIZ HLE U CHRs BRSO 5 if =13
K& EN TS (80) 2%, AFEICE W THEINE X ORI IV T2
RICHBRADRO LN R NoT, ZOZ b, BIEOFESCMOMEHIC X
ZHE~OEBII RN EEZ LR,

WEOHIFEN D, HAHEME, BFA 3 X O Py iR EIXFAE DT I LW

L, HEBITICHEWED T Z RN ER>TWD (30, 49, 76), 7o,
AR TIE I HE Pad FE O 23 SR TS O 12 e T3 B ook L (30),

MAE Py & BFA ORUMIFEFAL TW D72, FBIEE S 28 U T BFA i
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PiESF 0 SBEHEOCTHMICAATH L LRI TS (30), AFIZEW
T, FRmFE, FEAHMRERL, MAE PaRE, BFA B X0 TAMV X, RI1F [
L HERZM - RZIRICED 59 Day 7 £ THIMN L7z, ZHREIIRZHEICH
WU C, HINHE, FAMMREE, M PaRER X O TAMV ICERR® b/
Mmoleh, BFAIZ Day TICARBICEWEZ R LT, £7o, v YR T ¢ v 7 [\l
IHTOFERN G, WERNOZWFEOREIZH W DAL T E 7 KM FE, 3% I
LML PoREETiI72 <, BFA RZRICEEL KT TRFTH L Z LR 52
Elpole, PoldEiSMila L v i S, EFRICHNIT o HEEOREICEIZR
HH D (24), MOEFIZHEARRRTH D (15, 55), PsDAEMSELTE
BAOBEIIIHEOMERR R LETH D (11, 97, Fi, BEDOH HIPH
&AM D IRAE 2 F 5 4 D Pafig BEIZHRNC B L TEn 2 e m b T 5 (95,
96), 2FEV, EENTPUI - EDORETHMLTE LT, RHEERIZES T M
L THE L FEMTRIMERT 2 P BFETLIEELLNL TS (95,
96), AEIZBWT, ZIHHEEAZIEHE TR PaREICENRO 5T, Day7
IZBWTEIEHED BFA D ARZBREICHKE L TARIZE W R bhol, 20
ZEnG, ZIRHECB T AHEEOEWIE K S £ U IER LMD, HE DK
#X Py 0EOMGEAETML, RTERZ T L CTEENOFEZHO PyiRE
EHIMSE 2O TIERWNEEZZ LN, 6> T, BRSO F W BEBMT 51
O POEENENT S 2 L TIHROAEFELERNLE L LHR SN D,
B 1 L0, ZIEE L AEZIRFEOBEEREA, EAHMRERE X O PR
IZENRRBO LNl BEOREND, FAVAXA FERESD Day 7 D
PRITER 19-28mm TH Y (50, 93), HAIRITH 2 Bry T HE A A T M AE Py
REZMBRL TS L SN TWD (36), AFETIT Day 712381T 2 BKELER 20

mm L EDO TN ET 247 o7-, D720, SBAREME, SR EEB X OmiE
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Py BIEOHBIENBD DN hoo LMl S, F/o, ERIIamEFEIC-
WTHZRIEE AZRBECENRO NS, BV AT ¢ v 7 BEUFZH O R D
B & 3 IP e R 1 W L2 RS, ET Koo 6 I ia s &
ZREVEICB U itk x e 3 e ST D (47, 56, 57). =55 9N i F <0 if.
E E RENZRBPICEELKITL, FRIMMaERESKE < M E RBENEW
EEMBEBEMETT 5LV OMmE (47, 57) EZRICEBEE H 2 W LT HHE
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(71, 78), 2%V, RIGFHAM 218 C CTHREICEAFT IIMEMBE I D (71),
F/o, BEND 6—7 BRIZH 1 IR FRIMLOELIE 12.0—15.0 mm |Z3#
L, Tt ERE S EF3 2% (5, 71), &> T, ETFFICES 10mm
RO ERIPRNIAFET 22 LIXIEF TH Y, KREOFKREI G, Day 7 D HEIKHE
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PEERIZK > THRMOFERINEIZEEL 5252 LT Al OZBENETT L
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. e & 1
0 3 5 7 30
(Estrus)

Fig. 1-1. Schematic views of ultrasound examinations and sampling schedules.
The day on which the recipient cow had been observed to be in standing estrus
was considered to be Day 0. Ultrasound examination of ovaries and blood
samplings (®) were conducted on Day 3, 5, and 7. Embryo transfer (ET) and
pregnancy diagnosis (PD) were conducted on Day 7 and 30, respectively.
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Spontaneous estrus I 1
(n = 34) Day 0 7
PGF,, (500 pg) ET
I
EB (2 mg) v EB(1mg) l,
Synchronized estrus ¥ S—@— —
(n=231) Day —12 2 -1 0 7

CIDR

Fig. 1-2. Schematic views of treatments for estrus synchronization. The estrus of
cows in the spontaneous estrus group (n = 34) was detected without
synchronization. Cows in the synchronized group (n = 31) were treated with the
following protocol; estradiol benzoate (EB, 2 mg, im.) with a simultaneous
insertion of an intravaginal progesterone (P,)-releasing device containing 1.9 g of
P, (CIDR 1900) on Day —12, prostaglandin-F,, analogue (PGF,,, 500 pg, i.m.) and
CIDR 1900 removal on Day —2, and a second administration of EB (1 mg, i.m.)on
Day —1. The day on which the recipient cow had been observed to be in standing
estrus was considered to be Day 0.
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Fig. 1-3. Image of the corpus luteum (CL) using color Doppler ultrasonography.
The colored area was measured as BFA.
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Fig. 1-4. Schematic model of the corpus luteum and the spiral artery in
cows illustrated by according to Yamada et al. (1995). A: The corpus
luteum, B: The spiral artery. The arrow indicates the point where blood
flow velocity was measured (the basement of the spiral artery).
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Table 1-1.  Effect of estrus type on fertility rates.

Total Spontaneous estrus  Synchronized estrus  p.yg1ue
Number 65 34 31
Sel'e(.:ted number for 58 31 o7
recipients?
Selection rate (%)° 89.2 (58/65) 91.2 (31/34) 87.1 (27/31) 0.70
Pregnancy rate (%)° 58.6 (34/58) 58.1 (18/31) 59.3 (16/27) 1.00

Synchronized = Estradiol benzoate (EB, 2 mg, i.m.) with a simultaneous insertion of an
intravaginal progesterone (P, )-releasing device containing 1.9 g of P, (CIDR 1900) on Day —
12, prostaglandin-F2a analogue (PGF2a, 500 ug, i.m.) and CIDR 1900 removal on Day -2,
and a second administration of EB (1 mg, i.m.)on Day —1.
aNumber of recipients selected by a corpus luteum size = 20 mm diameter on Day 7.

bTransferred-to-estrus detected rate.
¢Pregnant-to-transferred rate.

26



Table 1-2. Summary of variables in the current study?.

Total Pregnant group  Non-pregnant group Pyalue
Number 58 34 24
Age 4.21+0.27 441+0.35 3.92+0.39 0.37
Lactation number 2.50+0.23 2.65+0.29 2.29+0.36 0.45
Days after calving 131.59 + 10.80 143.38 + 16.00 114.88 + 12.15 0.20
BCS 3.50 + 0.08 3.25+0.00 3.75+0.00 0.62
Fresh embryo 22 14 8
Frozen embryo 36 20 16

aAll data are presented as the mean + SEM.
Abbreviation: BCS; Body condition scores.
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Fig. 1-5. Changes in the blood flow area (BFA) of the corpus luteum (A) and the
time-averaged maximum velocity (TAMYV) of the spiral artery (B). Black bars
represent the pregnant group (n = 34). White bars show the non-pregnant
group (n = 24). Data points show the mean = SEM for each day. The BFA of
the pregnant group was significantly higher than those of the non-pregnant
group on Day 7. The TAMV did not differ among these groups.

** Difference between the two groups (< 0.01) on the day indicated.
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Fig. 1-6. Relative changes of the blood flow area (BFA) (A) and the time-
averaged maximum velocity (TAMV) (B) (% of respective values on Day 3). Data
points show the mean = SEM for each day. The relative changes of BFA in the
pregnant group was significantly higher than those in the non-pregnant group
on Day 7. The relative changes of TAMV did not differ among these groups.

* Difference between the two groups (P < 0.05) on the day indicated.
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(A) BFA/CL area
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Fig. 1-7. Relative changes in the blood flow area (BFA) expressed as the
percentage of the corpus luteum (CL) area (A) and the CL tissue area (B) .
Data points show the mean = SEM for each day. The BFA/CL area of the
pregnant group was significantly higher than those of the non-pregnant group
on Day 7. The BFA/CL tissue area of the pregnant group was significantly
higher than those of the non-pregnant group throughout the experimental
period.

** Difference between the two groups (P< 0.01) indicated.
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Fig. 1-8. Changes in the blood flow area (BFA) (A), the time-averaged maximum
velocity (TAMV) (B), plasma P, concentrations (C), corpus luteum (CL) area (D), CL
tissue area (E), and dominant follicle (DF) area (F). Black bars represent the
spontaneous estrus group (n = 34). White bars show the synchronized estrus group (n
= 31). Data points show mean * SEM for each day. There were no significant
differences between the spontaneous estrus group and the synchronized estrus group.
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Fig. 1-9. Changes in the corpus luteum (CL) area (A), CL tissue area (B), dominant
follicle (DF) area (C), and plasma P, concentrations (D). Black bars represent the
pregnant group (n = 34). White bars show the non-pregnant group (n = 24). Data
points show the mean £ SEM for each day. In both groups, these trait values
gradually increased during the experimental period and did not differ between the
groups.
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Table 1-3. Effects of dominant follicle (DF) location on the morphology and vascularity of the
CL, plasma concentration, and pregnancy rate?.

Location of the DF on Day 7 °

Ipsilateral Contralateral P-value ©

(n=21) (n=237)
DF area (cm?) 1.23+£0.13 0.91+0.15 0.04
CL area (cm?) 459 +0.25 4.98 £ 0.21 0.39
CL tissue area (cm?) 3.89+£0.21 4,26 +0.16 0.21
BFA of the CL (cm?) 0.48 + 0.08 0.48 + 0.07 0.97
TAMV (cm/s) 4435+ 0.78 40.09 + 0.61 0.30
P, concentration (ng/ml) 1.64 £ 0.22 1.93+0.18 0.41
Pregnancy rate (%) 61.9 (13/21) 56.8 (21/37) 0.79

aAll data represent the mean = SEM.

bThe location of the DF in the ovary was ipsilateral or contralateral to the CL on Day 7.
Abbreviations: DF, dominant follicle; CL, corpus luteum; BFA, blood flow area; TAMV,
time-averaged mean velocity; P,, progesterone.

¢P-values were obtained using t-tests (items other than the pregnancy rate) or Fisher’s
exact test (pregnancy rate).
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Table 1-4. Coefficients for regression models with the lowest Bayesian Information
Criteria on Day 7.

Estimate Standard error z-statistic P-value
Intercept - 3.80 1.23 -3.08 0.002
BFA on Day 7 9.31 2.78 3.35 < 0.001

Abbreviation: BFA ; blood flow area.
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Fig. 1-10. Receiver operating characteristic (ROC) curves of the five pregnancy
predictors on Day 7. The horizontal and vertical axes are a false positive rate
(1 - specificity) and sensitivity, respectively. Thus, the upper left corner is the
ideal point of 100% sensitivity and 100% specificity. The BFA provided the
most appropriate prediction of pregnancy among the other four single
predictors.

Abbreviations: BFA; blood flow area, TAMYV; time-averaged maximum velocity,
CL; corpus luteum.

35



Table 1-5. Summary of the ROC analyses of five independent variables on Day 7.

Cutoff value Sensitivity Specificity
BFA (cm?) 0.43 0.794 0.750
TAMV (cm/s) 41.83 0.533 0.583
CL area (cm?) 5.12 0.324 0.667
CL tissue area (cm?) 3.86 0.618 0.500
P, concentrations (ng/ml) 1.32 0.588 0.458

Abbreviations: ROC; Receiver operating characteristic, BFA; blood flow area,
TAMV; time-averaged mean velocity, CL; corpus luteum.
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Fig. 1-11. Schematic views of ultrasound examinations and sampling schedules.
The day on which the recipient cow had been observed to be in standing estrus
was considered to be Day 0. Ultrasound examination of ovaries (®) was
conducted on Day 7. Embryo transfer (ET) and pregnancy diagnosis (PD) were
conducted on Day 7 and 30, respectively.
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Table 1-6. Pregnancy diagnosis sensitivity, specificity, and predictive probabilities for ultrasound
examination based on BFA on Day 7.

Pregnancy diagnosis on Day 30

Positive Negative Total
Positive predictive
Positive 13 2 15 value (%)
Pregnancy prediction 86.7
based on BFA 2@ Negative predictive
Negative 3 20 23 value (%)
87.0
Total 16 22 38
Sensitivity (%)  Specificity (%)
81.3 90.9

a Positive; BFA > 0.43 cm?, Negative; BFA < 0.43 cm?.
Abbreviation: BFA; blood flow area.
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Fig. 2-1. Schematic views of treatments, ultrasound examinations, and sampling
schedules. The day on which the recipient cow had been observed to be in
standing estrus was considered to be Day 0. Ultrasound examination of ovaries
and blood samplings (®) were conducted on Day 14. Embryo transfer (ET) and
pregnancy diagnosis (PD) were conducted on Day 7 and 30, respectively.
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Fig. 2-2. The blood flow area (BFA) of the corpus luteum (A) and the time-
averaged maximum velocity (TAMV) of the spiral artery (B) on Day 14. Black
bars represent the pregnant group (n = 34). White bars show the non-pregnant
group (n = 24). Data points show the mean = SEM for each day. The BFA and
TAMYV of the pregnant group were significantly higher than those of the non-
pregnant group on 14.

** Difference between the two groups (P< 0.01) indicated.
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Fig. 2-3. Relative changes of the blood flow area (BFA) (A) and the time-
averaged maximum velocity (TAMV) (B) (% of respective values on Day 7). Data
points show the mean = SEM for each day. The relative change of BFA did not
differ among these groups. The relative change of TAMV in the pregnant group
tended to be higher than that in the non-pregnant group.

% Difference between the two groups (< 0.1) on the day indicated.
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Fig. 2-4. The corpus luteum (CL) area (A), CL tissue area (B), dominant follicle
(DF) area (C), and plasma P, concentrations (D) on Day 14. Black bars represent
the pregnant group (n = 34). White bars show the non-pregnant group (n = 24).
Data points show the mean = SEM for each day. In both groups, these trait
values did not differ between the groups.
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Table 2-1. Coefficients for regression models with the lowest Bayesian Information

Criteria on Day 14.

Estimate Standard error z-statistic P-value
Intercept -9.09 2.55 -3.57 < 0.001
BFA on Day 14 8.05 242 3.33 < 0.001
TAMV on Day 14 0.0872 0.0276 3.16 0.002

Abbreviations: BFA; blood flow area, TAMV; time-averaged maximum velocity.
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Fig. 2-5. Receiver operating characteristic (ROC) curves of the five pregnancy
predictors on Day 14. The horizontal and vertical axes are a false positive rate (1
- specificity) and sensitivity, respectively. Thus, the upper left corner is the ideal
point of 100% sensitivity and 100% specificity. The paired BFA and TAMV were
the most appropriate predictors among the other predictors.

Abbreviations: BFA; blood flow area, TAMYV; time-averaged maximum velocity,
CL; corpus luteum.
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Table 2-2. Summary of the ROC analyses of five independent variables on Day 14.

Cutoff value Sensitivity Specificity
BFA and TAMV 0.602 0.853 0.917
BFA (cm?) 0.56 0.882 0.792
TAMV (cm/s) 52.8 0.618 0.917
CL area (cm?) 5.11 0.529 0.500
CL tissue area (cm?2) 4.28 0.794 0.417
P, concentrations (ng/ml) 3.21 0.647 0.500

a The cutoff value at pregnancy probability 60.0% ; BFA 0.63 cm? and TAMV 50.60 cm/s.

Abbreviations: ROC; Receiver operating characteristic, BFA; blood flow area, TAMV;,
time-averaged mean velocity, CL; corpus luteum.
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WA, FEIMMERE, BFA, TAMV 3 X OULSE Pu i O EEE O 2O KBE 21T
9 7212, Bonferroni M B\ E 21T > 72, HAHLEIZITHFIAH Y 7 b T =
7 SPSS 13 (SPSSJapan, HAl, HA) ZHW, GHRE 5% AHM (P<0.05) T
HEZDY L L, &6, B L GnRH & 582N T, ek HW 6
T2 3 ODIEIRTRIK 7 GERmmfs, SAEMmBE, muE PaRE) LB LWKETF
(BFA 35 L X TAMV) @ Day 7 3 & O 14 1231F 2 4E0R T HIKE E O Lt 217 5 72
(2, ROC #2147 > 72, ROC it Z{Fk%, Perkins & (61) OGS K
JE LR EREN 100%TH H7E LB E OBtz g L, T OmEEs &/ L 72D RE K
Wy MATEERE LT,

F 72, ®HED7 DeLong #E (13, 68) % MW CTxtE#EE GnRH £ ROC i
M hmiE (AUC) ol % 17> 72, GnRH #AIOH G134 T HlgEEZ m L5 &

WO RGEIZ IS & AHIRRE &2 VT,
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3-3. Ak

WE DRI & O PERE D Lk

BHREIR & SRR OZ I5 31T, 54.2% (26/48) & 62.56% (45/72) TZIREIC
EVRBODNRD Tz, (65T, MOBEICL2EBIIZEET, 2TELDO TR
Wra4T -7, xR L0 GnRH BB 2 4EE, ERE, itk A3 L0 BCS
% Table 3-1.1Z7” L7z, R TOHH THWAICBWTAHERERRD LN o7 (P
>0.1),

Day 30 IZ8 T DiEiRZ Wiz, alF2 -2 EHE (n=35), MB-A=ZBEE (n
=28), GnRH-ZJH#E (n=36) 8L GnRH- A= IaHE (n=21) O 4FEIZHHEL,
HIH & et Ui, 4 BEOMEE, FERE, oWtk B3 K0V BCS % Table 3-2.(C

mLTm, ETOHBIZBWTAMB CHEREZRRO N> (P>0.1),

s A, EAR L ERINEOERER KON AE Py ISk 5 GnRH A0 &5

B

BFA £ X ' TAMV OH## % Fig. 3-2.0278 L7z, sRBRIRE o, % IERES X OV GnRH
BEREL IS, BFAIXREICHIN L Day 7 3 X0 14 128V T GnRH #5823 %
FRREICHE L CHEICEWMEZ R L (P<0.01), TAMV [ #E & & ISR IE N
L, AEREITIRDLNRN-T,

FREAE, HAHGERE, M PoRERS LOEBEINEmEOHBE % Fig. 3-3.1C
R LT, BRI P, AR, AR KON Py R IR & b ICIRE
ML, 2B CTHBERZTRD DR o7z (P>0.1), EMIMAEEIL, Day
THELU 14128V T, GnRH &GN REEICHK L THRBICERMEZ R L (P<

0.01 BELW P<0.05), £7=, GnRH EH5FEIZHB VT, Day 14 OEIFEELFEIT
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96.5% (55/57) ToH -7,

Z W D L e

xtHERE & GnRH G REOZIERIY, ZF1 55.6% (35/63) & 63.2% (36/57)

THhVHEERAEITIROD N o7 (P>0.1),

e & R IR A BT D FAR I & D H g

Day 3 B3 XU 5 I8 2% KR L A ZKR#ED BFA & TAMV O ik % Fig. 3-
4127 L7z, Day 5 IZB W CEZ BN AZIGRHIZ R LT BFA BNAEICE W EE 7
L7z (P<0.05),

xf B2 B EE, <THR-AZMaRE, GnRH-ZIARER L O GnRH- A MO 4 BEICE T
% BFA @ b % Fig. 3-5. (Day 7) 3L O 3-6. (Day 14) (Z/rL72, Day 7B LW
141280 T, FLEVLEICEDLT, ZRFTIAZBAICIE LT BFA AR
IZEWEZ R L (P<0.05), & 512, GnRH-3ZE#E D BFA 135 IR -3 IR 1 Rk
LT, Day7TELP M4 ICBNWTHREICEWEZ LT (P<0.05),

4 FEICIIT 5 TAMV O kel % Fig. 3-7. (2% L7-, Day 7128\ T, GnRH-ZJA
B D TAMV I% GnRH- A REEIC iR L THEIC®EVWEZ = L7z (P<0.05), 72,
Day 14 I[ZB W T, ALEVLEICED LT, ZHEHERZ I EE L ¢ TAMV
PDHEBICEWMEZ R LTz (P<0.01),

4 FEICIS1T D IR A d K OV IR AR i A O HERE D Le i & Fig. 3-8, (278 L7z,

RmEFE, SRR & bIC 4 R TARRETRD bR >T2 (P>0.1),

SEIR T RS O b

ROC fig#r O % Fig. 3-9. (Day 7) £ &L O Fig. 3-10. (Day 14) (Z/=r L 7=, Day
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7B X Day 14 2B W T, WA, GnRH 858 & L ICH A1 Cix BFA 2MEIR

THNCHRBENTZKFTHL Z LRSI, 61T, Day 7 Tk EFd BFA H—
KFIZ KD PR, ZOMOREFIZ LD FHSLPERKNFIZE D PHIE L Tk b
BT, —J7, Day 14 TiE, *HEEE FHKIC GnRH &5 #1280 TH, BFA
DHEMHEHTH LD b BFA & TAMV Z/lAG O BIEETRICEH TH S Z
LIRS N,

GnRH # 5-F£ D Day 7281 24EETRIO =D 71~ b4 7O ik % Table 3-
BAZR LI, BFA DI v b A7 fl% 0.52ecm2 % ET D Z & T, @O (83.3%)
ERFRE (90.5%) H[EFFICED Z LN TE -, £72, GnRH &5 ® Day 14 (2
B DR TR O DA v 4 7 EO# % Table 3-4.127% L7z, BFA & TAMV
B DOETLGE, RV AT 4 v 7 BERAN L T S 5 EIRMER D 58.3% Th
% BFA 0.94 cm? 7> TAMV 44.93 cm/s 2% v b A 7EICRET 52 L TEHIC
BV (97.1%) ERFEE (100%) A FRIFFICES Z &N TE Tz, Day 71280\ TC
IZ BFA, Day 14 [28\ Tix BFA & TAMV D27 12 & % GEHR PRI EE O ol 217
R )] xFHERE & GnRH #5-#£ 0 ROC #h#f % Fig. 3-11.12/~ L7z, Day 7 B &
W' 14 & b1, GnRH #5-8E o g3k JEEIC Heiie L /2 EJ7icHiizadu, GnRH #
B RE D MR T RS LI B IC i L TR TV D 2 & e, £72, AUC D

L@z % Table 3-5. (278 L7z, Day 7128\ T, GnRH # 5-#® BFA © AUC I,
XERREIC HL#z LT 0.084 JE7/v - 7= (P=0.126), Day 14 (28T, GnRH &5 D
BFA & TAMV @ 2 K+ %#ZJ§ L= Tl AUC 1%, *HREEICEEZ LT 0.058 JA A

->7- (P<0.05),

3-4. B

AF T, ET AT GnRH $AI# 575 BT /4% o A M7 & & IR 7RISR MK
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ETEEBIC OV THRE L7z, Day 7128\ T, GnRH # 5.8t BFA I3 REEIC I
ML CTABEICEMEZ R L, 512, GnRH- BT, xHEERS LY GnRH-R~
ZHRBEICIEEE L C Day 7 @ BFA B REZ R L7z, LA L, GnRH #5-8f & xR
T TAMV I IFRD S e oTz, £72, ROC AT OfER S, GnRH # H5-REIC
B TH Day 7 Tid BFA B bEN IR TRIK 7 CTH 5 Z LRS-, BFA
DAy A TEE 0.52ecm2ICRET H T & T, EVIERE L RERELFRIFICHEDS Z &
MTE, FH12ETHLNAL PRKEE & T 5 &, GnRH #5102 X 0 4= 7
DOREERM L35 Z &R ahni (&E 3.9%F KO RE 15.5%), & 51T, Xt
D720y DeLong MiE OfE R 5, GnRH #5580 BFA © AUC 1%, *HHREEICH
LT 0.084 [EWZ EARESNTED, AERETIEIRN->T,

Day 14 I2BW\TH, GnRH $#5-# 0 BFA (I BEHICHE L THEICSEEZ R L
7z, 512, GnRH-ZEHETIE, xHREES KOV GnRH- AR5 B HEIC L L C Day 14
® BFA NEfE %~ L=, £72, ROC fi#r o fE > 5, GnRH #5818V T Day
14 TiX BFA & TAMV @ 2 R+ B g L7 HEnUs X 2 ER TRl b @i T
Wie, v V2T oy 7R D PRl S L IR D 58.3% T & % BFA 0.94 cm?
717> TAMV 44.93 cm/s 7 v A 7EICRET 5 2 & T WK & FF 5T % [Fl iy
WD 2 ENTER, H2EHETHLNI FRIKE & T2 &, GnRH #4512
Day 14 (2B DUERETRIOREEN M L35 2 Lanmsiv/e (& 11.8%F LY
KL% 8.3%), & HIZ, *IED 720y DeLong B O ffHF4 5, GnRH #5828
% BFA & TAMV @ 2 W% ZE L7= TR D AUC 1%, stBREEICIE L TR EICIA
WIZ ERRENTZ, - T, GnRH ®HAIOE 5LV, Day 14 ([Z351) 2 44T
BEMEEICH LT 52 LRENTE, T OEIETHNSE O EiX, GnRH &H 0O
EHICE Y Day 14 2B 2%k E AZBHED BFA OEMIERT 25 2 LICkER

LTWwheEEZbNT,
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GnRH (X, IR THNO WS, WMTIEARNLSO LH & FSH OREA L W%

FIET %5 (16), GnRH HWANL, FHEOZEHEHZIT I ICIIMLEARNRKTHY, &
AN CTHEA SN D GnRH IZH# L CREM 2 R < GnRH L& 7% —12xt3 2810
WRRWNZ ERMBNTWD (35), F£7=, EERIE, BRI, KEGERMAG,
M8 ARG, pericyte & W o e BRI TRER SN TWD (59), 7 DHEEE
AL DML D 5 B 50%LL LAY ML N EAAE, £ 80% 2N B il Cd 0 (41, 59),
EHREROFEFT IR MERRALETHD, ZOMERREFHEL TS
DI, HEMENSEASND MEFERFTH D (74), MWEFAEKFD I H, i
BN EAEE 7 A (VEGFA) & SEF M ia i + (FGF2) A& x5 T
MEBREZHBE LTS (74), £7=, FSH & LH IZm&EHAERN 268 L, #Hik
DO MAETERICE S L TW\Ws (39, 99), Fatima 5%, FSH 28 VEGFA & FGF2 ®
PEA & SR PN <o kT g ML 12 35 1) 5 VEGFA & FGF2 L& 7 % — OB &2 8N+
HERELTND (23), fit> T, GnRH #AIOHEHGIZL Y FH Lz FSH £7-1%
H |2 X > C VEGFA & FGF2 O AL, Day 73 X0V 14 @ BFA 238N L
TREHERI L7z, LAL, ZhDOMRANEALVE LY BEEMICHEEISND
DNy, FTIFMOERICEVBIEEIINDDONIE, SHERTOIVNERNHDL LE
25,

F72, Day TE X 1412817 2 EFEIPkamfE L, GnRH £ 5-HE23 xh B g
LTHBILKEZ R L, 512, GnRH # 580 Day 14 (2551} 5 Bl TE %
13 96.5% (55/67) T oz, TNHDRERIL, BIEETEEEN 9B%THDH LT D
WEOWE L —H LTz (73), GnRH ®AI# 5%, LH BENSHIC LA L (LH
H—37), 26-34 KFfZICHEINICE D (1), Day 5 £721% 6 12 GnRH #H % #% 5.
%5 &, LH O8I HEVEE 1 IR o B 10 mm LA EO EIRRa 3 HEIR L, @I

DIERENLHZ NN TWS (69, 72, 73, 94), fiE» T, A#E|ZEIT 5 GnRH
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HREZ I D BN R A O L, GnRH #AIE 5% I2%4E L2 LH 9 — 22
L0, 1K OEMIEBPEII LR THD EE XTI,

VIR & 0, AL # £ 7213 ET il & M EMEMERANE A V€ (hCG) £ 721X GnRH
A OEHIZLY, ZhatExm ESE5R A8 Thbit T 7z (31, 54, 58, 62, 63,
72, 73, 75, 91), hCG T M MAE < MW LHEH ZF>7-®, Day4 205 712
B h9 5 & ERBERBEEH IS Z T, BIEAENERIND Z & Tl Py REN
H{in+ 5 (568, 63, 73), €D, hCGHEGIT XV ZHEBNRM ET 5 L0 wE
b (68, 75) 7, M LELRWwWEWn o #HE (73) b2, £DO—F5 T, GnRH &
FNZHOWTY Day 5 £721L 7T OBGICIVZ/REN M ETDHEWVIHE L H DN

(73, 83, 91), Ellington » (21) 1%, ZMFEFIM ELARAVWEREL TV D, AE
TiX, *HFEE GnRH & EREOZEHRIT, £THE1 55.6%& 63.2%TH VY AER
IO bR o7z, Day TIZBIT2EEERN 20 mm U ETHLIU T Dh%E
fE L T2 72, GnRH ®-HNZ X 232w ERRBTE D &g ho 7o i REMED
o, I, ZHRENED L SN TVDHERE 20 mm Kl OfE AT LT,
M BT o RetER H D & HERI L7,

WRHE R & AL, RS GnRH B EHICBVWTAEREITRD LN
o To, ZORERIX, Day 512 GnRH #A|2# 5 Lz v LIEREGD T Tl
ZO®%OEAREBRICEN RO E VI BEORE (72) L~ LTWD, £, ¥IF
5 H#% ® GnRH #A|# 512XV Day 11 205 16 OIE PaiREN EH 32 L v 9 @
S5 (12, 13), TDO—FHT, Sterry b (83) 1%, AI#% 5 H® GnRH # 5%
AL % 5725 19 HOME PoREICEEL G AW ERE L TVD, AEICBNT
IZ, GnRH #5112 X514 PaRED EFIERO b oiz, AREIZBW T,
Day 7B 2EKRERN 20 mm L ETHDL VDA ZMHRA LTz, D728, %t

HHE, GnRH & E5HOLEL L7042 O Py EARN N> E X2 Bid, GnRH
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B HRETIE, GnRH BAE 512 X0 - 2BIERBP R SN0, tx O Py
MEWTZOBE R PaRED EAD RGN o7 EHEHI S D, Day 7 DR E R
28 20 mm RO T NI LTI, o4 D PapeFEREMENZ LRI N D DT,
GnRH AR G2 X 5 M PaREDO EFENFON L W REMENH D LB R T,
ko &2, Day 512817 % GnRH #A IO 512X Y Day 7 &£ 14 ® BFA
MNEINL, Day 14 12815 BFA & TAMV [ZES IR FRIOEE R 1 L35 2
EDBRENT, 65T, Day 512 GnRH AR 5%, ET #2417\ Day 14 ([CE KM

Bz 2 2 & T, BREIEIRZEORE M 45 2 LR Sz,

3-5. /R

Day 5 (2 GnRH #A| %% 5425 = & <, Day 14 ®% R4 BFA B LU TAMV

(S EBRHERZH OB E N B35 2 LR anT,

64



ET PD

Control P

(n=63) O O O 1
0 3 5 7 14 30
(Estrus)
GnRH ET PD
o P !
(n”= 57) " ® & ® e :
0 3 5 7 14 30
(Estrus) Day

Fig. 3-1. Schematic views of treatments, ultrasound examinations, and sampling
schedules. The day on which the recipient cow had been observed to be in standing
estrus was considered to be Day 0. Ultrasound examinations of ovaries and blood
samplings (@) were conducted on Day 3, 5, 7, and 14. Embryo transfer (ET) and
pregnancy diagnosis (PD) were conducted on Day 7 and 30, respectively. Cows in
the gonadotropin-releasing hormone (GnRH) group received GnRH analogs (100 ng,
i.m.) on Day 5 after ultrasound examination and blood sampling.
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Table 3-1. Summary of the animals used in the current study.

Total Control GnRH Pyalue
Number 120 63 57
Age 4.20+0.17 416 +0.25 4.25+0.22 0.80
Lactation number 248 +£0.14 2.51+0.21 246 £0.17 0.85
Days after calving  137.58 + 7.17 127.06 £ 10.14  149.19+9.89 0.13
BCS 3.24 £ 0.04 3.21+£0.05 3.28 £ 0.06 0.40
Fresh embryo 48 27 21
Frozen embryo 72 36 36

All data are presented as the mean + SEM.
Abbreviation: BCS; Body condition scores.
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Table 3-2. Details of animals in the four groups categorized based on their pregnancy
diagnosis on Day 30.

Control GnRH
Pregnant Non-pregnant Pregnant Non-pregnant
Number 35 28 36 21
Age 4.37 £0.35 3.89+0.34 4.08 £ 0.25 4.52 +0.40
Lactation number  2.63 £ 0.28 2.36 + 0.31 2.31+£0.19 2.71+0.32
Days after calving 141.20 + 15.69  109.39 + 10.76 13;%_2%* 167.10 + 15.21
BCS 3.25+0.08 3.16 + 0.06 3.22+0.07 3.38 £0.09

All data are presented as the mean £+ SEM.
Abbreviation: BCS; Body condition scores.
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Fig. 3-2. Changes in the blood flow area (BFA) of the corpus luteum (A) and the
time-averaged maximum velocity (TAMV) of the spiral artery (B). White and black
bars represent the control group (n = 63) and gonadotropin-releasing hormone
(GnRH) group (n = 57), respectively. Data points show the mean + SEM for each day.
The BFAs of the GnRH group were significantly higher than those of the control
group on Day 7 and 14. The TAMV did not differ among these groups.

** Difference between the two groups (£< 0.01) on the day indicated.
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Fig. 3-3. Changes in the corpus luteum (CL) area (A), CL tissue area (B),
plasma P, concentrations (C), and dominant follicle (DF) area (D). Black bars
represent gonadotropin-releasing hormone (GnRH) group (n = 57). White bars
show the control group (n = 63). Data points show the mean * SEM for each day.
The CL area, CL tissue area and plasma P, concentrations did not differ among
these groups. The DF areas of the GnRH group were significantly lower than
those of the control group on Days 7 and 14.

* ** Difference between the two groups (* P < 0.05, ** P < 0.01) on the day
indicated.

69



0.5 - 0.5 -

BFA (Day 3) BFA (Day 5) %

0.4 - 0.4 - |
T 03 - T 03 - ™
\= o
T 0.2 A . = 0.2 -

m m
0.1 ~ 0.1 ~
0 0
Non-pregnant  Pregnant Non-pregnant  Pregnant
(C) (D)
50 ~ 50 ~
TAMV (Day 3) TAMV (Day 5)
40 - 40 -
0 @ .
g/ 30 A 5 30 A
> = >
= 20 - = 20 -~
< <
[ [
10 ~ 10 ~
0 0
Non-pregnant  Pregnant Non-pregnant  Pregnant

Fig. 3-4. Blood flow area (BFA) in the corpus luteum (A; Day 3, B; Day 5) and the time-
averaged maximum velocity (TAMV) of the spiral artery (C; Day 3, D; Day 5) in the
pregnant and non-pregnant groups. Black and white bars represent the non-pregnant
group (n = 49) and pregnant group (n = 71), respectively. Data points represent the
mean + standard error of the mean (SEM) for each group. The BFA of the pregnant
group was significantly higher than those of the non-pregnant group on Day 5. The
TAMYV did not differ among these groups.

* Difference between the two groups (P < 0.05) indicated.
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Fig. 3-5. The blood flow area (BFA) of the corpus luteum (CL) in the control (non-
pregnant “dotted column” and pregnant “white column”) and gonadotropin-releasing
hormone (GnRH) (non-pregnant “slanted-line column” and pregnant “black
column”) groups (A) and the representative image of each group on Day 7 (B). The
BFAs summed the colored areas in the CL in the images, respectively (B). Data
points show the mean * SEM for each group. Letters (P < 0.05) indicate significant
differences determined by t-tests with Bonferroni's multiple comparison correction.
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Fig. 3-6. The blood flow area (BFA) of the corpus luteum (CL) in the control (non-
pregnant “dotted column” and pregnant “white column”) and gonadotropin-releasing
hormone (GnRH) (non-pregnant “slanted-line column” and pregnant “black column”)
groups (A) and the representative image of each group on Day 14 (B). The BFAs
summed the colored areas in the CL in the images, respectively (B). Data points
show the mean +* SEM for each group. Letters (P < 0.05) indicate significant
differences determined by t-tests with Bonferroni's multiple comparison correction.
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Fig. 3-7. The time-averaged maximum velocity (TAMV) of the spiral artery in the
control (non-pregnant “dotted column” and pregnant “white column”) and
gonadotropin-releasing hormone (GnRH) (non-pregnant “slanted-line column” and
pregnant “black column”) groups on Day 7 (A) and 14 (B). Data points show the
mean +* SEM for each group. Different letters (P < 0.05) indicate significant

differences determined by t-tests with Bonferroni's multiple comparison correction.
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Fig. 3-8. Changes in the corpus luteum (CL) area (A) and CL tissue area (B) in the
control (non-pregnant “dotted column” and pregnant “white column”) and
gonadotropin-releasing hormone (GnRH) (non-pregnant “slanted-line column” and
pregnant “black column”) groups. Data points represent the mean = SEM for each
day. The values of these trait did not differ among the four groups by #-tests with Bonferroni's

multiple comparisons correction (P >

0.05).
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Fig. 3-9. Receiver Operating Characteristic (ROC) curves of the five predictors of
pregnancy in the control (A) and gonadotropin-releasing hormone (GnRH) (B)
groups on Day 7. The horizontal and vertical axes are the false positive rate (1 —
specificity) and sensitivity, respectively, and thus, the left upper corner is the ideal
point of 100% sensitivity and 100% specificity.

Abbreviations: BFA; blood flow area, TAMV; time-averaged maximum velocity, CLs;
corpus luteum.
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Fig. 3-10. Receiver Operating Characteristic (ROC) curves of the five predictors of
pregnancy in the control (A) and gonadotropin-releasing hormone (GnRH) (B)
groups on Day 14. The horizontal and vertical axes are the false positive rate (1 —
specificity) and sensitivity, respectively, and thus, the left upper corner is the ideal
point of 100% sensitivity and 100% specificity. Abbreviations: BFA; blood flow area,
TAMYV; time-averaged maximum velocity, CL; corpus luteum.
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Table 3-3. Summary of the ROC analyses of five independent variables in the GnRH
group on Day 7.

GnRH
Cutoff value Sensitivity Specificity
BFA (cm?) 0.52 0.833 0.905
TAMV (cm/s) 43.10 0.639 0.810
CL area (cm?) 4.45 0.500 0.524
CL tissue area (cm?) 4.19 0.389 0.667
P, concentrations (ng/ml) 1.60 0.438 0.667

Abbreviations: ROC; Receiver Operating Characteristic, GnRH; Gonadotropin-releasing
hormone, BFA; blood flow area, TAMV; time-averaged mean velocity, CL; corpus
luteum, P,, progesterone.
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Table 3-4. Summary of the ROC analyses of five independent variables in the
GnRH group on Day 14.

GnRH
Cutoff value Sensitivity Specificity
BFA (cm?) 0.77 0.861 0.857
TAMV (cm/s) 50.73 0.861 0.905
BFA and TAMV 0.5832 0.971 1.000
CL area (cm?) 5.20 0.472 0.571
CL tissue area (cm?) 4.72 0.583 0.476
P, concentrations (ng/ml) 3.48 0.515 0.611

a The cutoff value at pregnancy probability 58.3% ; BFA 0.94 cm? and TAMV 44.93 cm/s.
Abbreviations: ROC; Receiver Operating Characteristic, GnRH; Gonadotropin-releasing
hormone, BFA; blood flow area, TAMV; time-averaged mean velocity, CL; corpus luteum,
P,; progesterone.
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Fig. 3-11. Receiver Operating Characteristic (ROC) curves of the blood flow area
(BFA) of the corpus luteum on Day 7 (A) and the paired BFA and TAMV of the
spiral artery (B) on Day 14. The horizontal and vertical axes are the false positive
rate (1 — specificity) and sensitivity, respectively, and thus, the left upper corner is
the ideal point of 100% sensitivity and 100% specificity.
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Table 3-5. Summary of the AUC analyses.

AUC P-value for unpaired
DelLong test
Control GnRH (one-sided)
ROC for BFA (Day 7) 0.807 0.891 P=0.126
ROC for BFA and TAMV (Day 14) 0.938 0.996 *P=0.0273

Abbreviations: AUC; Area Under Curve, ROC; Receiver Operating Characteristic,
GnRH; Gonadotropin-releasing hormone, BFA; blood flow area, TAMV; time-
averaged mean velocity.

*P<0.05
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