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AMH (Anti-Mullerian hormone)

ART (assisted reproductive technology)

COH (controlled ovarian hyperstimulation)

E, (estradiol)

FSH (follicle stimulating hormone)

GnRH (gonadotropin-releasing hormone)

hCG (human chorionic gonadotropin)

hMG (human menopausal gonadotropin)

HTF (human tubal fluid)

ICST (intracytoplasmic sperm injection)

IVF (in vitro fertilization)
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LH (liteinizing hormone) WIRTER A ILE

OHSS (ovarian hyperstimulation syndrome) S B2t | R YO (e B
PZD (partial zona dissection) 175 DA R 4y B e s
SUZI (subzonal insemination of sperm) FHIPE NG - 1ENTE
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BINTHE . I3 KO A AT 2 A5l BEHR (Assisted reproductive technology:
ART) (X, RERED b HERTREIE L 72> TV D, ART OFcHE H IS OIEIRE X OE 1
DERFTH DN, EHETIE, BEOBEEALICHE > TRITREZRII TR BT 5 2 & Otk
SNTIRFOEMET T2 Z LTk 0 HIROCHEICE S RUVERIAEINL T\ 5, £z,
ART 123N TUE B ARAENR & i U CEMRAEIRER EVEIAIC H D 72, B ARERS AR
OFREHTZ XV BT D IRITIEARMICH L SN TWd, Loz &b, Eilo % ER
THEOIIE, RSN T2 AHEA L CTELETEL OREER L%, ZOoHH
O bEDOmWIEZ K L TRBIET 2 E 2 ML+ 2 Z LN HEEL 2D, £ Z TABIETIL,
BAONCINT-OFERZ B9 E LT, ART OEEEN T 2 MR 2 5 L TV HE8IC L
(T LB S 2 MRS 58 72 0 1 D2 RERE. (RSN AERERS K O ZZRBIC DWW TR LT,
ZORER, MR METS 72 IR 1T RE MR S BHE LoV, kiR DA AR LU
PEYRRITIE R MR 2 AT 290 T ICHORT 2R EFAETH D Z LB LI 0Tz, 2O
Zenn, MR SR eI ART ITEEF T& 2 Z &R Edic, IRICE D EWIRDE K
HEPE LT, BRI~ ORI ABEDS @V IRIZ 22 B 40 5 58 A AT BERE O RIS DU TR
2o IHIT, @WVIHRERE G5 72 DI IR LR & ORAE B TR T IIE R VMR
L7o. ZORER. REESEIOA T D BT 1 98T 2 Ml L O 2 Ji%EIC 4 ff
EIEE L, ENENOINEINEGFE 25. 90 33 L O 37. 88 REMLINICSE T L7 A IR fg~ D &
AFBERPEWVIETHY . ZO XD Kz b ORI Z BT 5 Z LI2X Y| 55 8hDITHkR
TR/ OHINLDLZ ERP LN oTe, ZRICED LD L L ITERK LI ROBME O
RRAZWET D7D, a7 v a B LXOWBREERFRIZ L > TS 5 RDRDEE
Zikrlz, TORER., FRROEEELE S L IRE LR 55538 79. 93 B LINIC 2 0%
7 va v | LI aigdA TIEIBICBAET 5 2 LI KD | T4 6%DIEIRFR 245 Z L1

BREh Uiz, ARBFFEORERNG, @mWAEREZ AT 5t MEZIHRIEAYISEK L TBIE LGS
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Studies on noninvasive selection of human embryos
with high implantation potential for assisted

reproductive technology

Yamato Mizobe

Abstract: Assisted reproductive technology (ART), in which sperm, oocytes and embryos are
manipulated in vitro, represents the most promising mode of treatment for human infertility.
The mean age of patients seeking ART is increasing, and both the number and quality of
oocytes collected are known to decrease as patient ages increase. To prevent multiple
pregnancies, which occur more frequently with ART than with natural pregnancy, the Japan
Society of Obstetrics and Gynecology suggests that only one embryo should be transferred in
an ART treatment. Therefore, it is important to produce as many embryos as possible from
collected oocytes, to enable selection of the best embryo for transfer. Because oocytes with
fragile oolemmae (fragile oocytes) are often observed during intracytoplasmic sperm injection
(ICSI), which is a principal technique in ART, their potential for fertilization and development
has now been examined. The results showed that the frequency of fertilization after ICSI into
fragile oocytes was lower than that of oocytes with a normal oolemma (normal oocytes).
However, the embryos produced from fragile oocytes had the same developmental potential
as embryos derived from normal oocytes, indicating the eligibility of fragile oocytes for ART.
To establish a noninvasive system for selection of embryos with a high implantation potential,
the relationship between the first and second division patterns of embryos and their

subsequent development in vitro and in vivo was evaluated. The results showed that high



pregnancy rates were most likely with transfer of blastocysts derived from embryos that
formed two cells during the first division and four cells during the second division (regardless
of the presence or absence of fragmentation), and that completed the first and second
divisions within 25.90 h and 37.88 h after culture, respectively (early cleaved embryos). To
improve the selection system, the relationship between the compaction and
blastocyst-formation times of early cleaved embryos and the pregnancy rates after transfer
was evaluated. The results showed that selection of early cleaved embryos that completed
compaction within 79.93 h after culture, and transfer at the blastocyst stage, improved
pregnancy rates. In conclusion, a noninvasive selection system has been established for
human embryos with a high implantation potential, based on early cleavage patterns and the
time of completion of compaction. This system would enable many infertile patients to have

their own children.
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AFERBIEE (Assisted reproductive technology: ART) I, AIESED A & T /2 AL
Thb, 1918 7 H 25 HIZ, A4 F U ATHRAYOEAZKIEBHEIETHLNVA =X+ TF
U U FEAE LTz (Steptoe and Edwards, 1978), Z#LLAKE, 1980 4EIZA—AZ T U 72
T Lopata (1980) 7%, & HIZ 1981 427 A U AIZHUVT Jones et al. (1982) 3MASZIEE
DFAEZERE LT D, BARICE W T, 1983 FICHALR S S RIS R O FEE DN AL &
Mz (Suzuki et al., 1983), D&, (FHSKE-IRBAEOHMIINIEIEDTBHRIEL L THA
EHHAADZ EAMFUTIRNY | Hix 2B LRV S L, BIEICE->TWD, HARER
I ANBFFESERR 27 FEREE RS - Bk - AN EZESWME (2014 F55 ORISR - N
FHAE D RFIR E g L O 2016 4F 7 AIZB 1T 288k 4) (2L D &, 2014 2RV TiX
47,322 NOWS ART IC K VFEAL TR Y . UL AAROER AL (1,001,000 A) D 4.7%
ZHD TS, REEHARSIT 431,626 A2 BV AARO AN OBREICHE LY KIFT £ TloH
MU TW5D, 2014 FZFN T 393, 745 JE 31 6 D ART 23 THATE D | 2016 7 AIZBWT
598 Dk s H ARFERHm ANFHES O ART fligk & LTRSS LTV 5,

ART VRSN CTIRFOMR A B ET 2 AR BAN T 2 28, & - FERITEBR L 7 Bl
BRINI . IRDOBGRERAE, BMRKE Ch 2, SRIMFOMME S LT, REEERENRIE S
7= (Dellenbach et al., 1985), Z = L1k 0 JENESS FIC CERINAAT 5 MR/ 220 .
BE ORI NERIMT AN ATHE & 72 o 7=, F 7=, gonadotropin-releasing hormone (GnRH)
T v S ik U FHER B IE (controlled ovarian hyperstimulation: COH) 3 A
(Fleming et al., 1988) 2LV, Il EOE=4Y 7 b RIFICHF LI, BINH %
HOENPUHRET DT EBRIINATHE & 72572, IT4ETIX, GnRH agonist long 5. GnRH
agonist short ¥ (Hughes et al., 1992) 3 & U} GnRH antagonist # (Olivennes et al., 1994)
NDEIZHWHI TV D, GnRH agonist long EIXHTEAM OENES 7 R EAGMMH L, GnRH
agonist short VEIZAREMOBRMIZELETHEMT 52 & T, WKIMPED gonadotropin 3

2 U, liteinizing hormone (LH) Y —T %Mz 5 H51ETH 5, GnRH antagonist EiX



follicle stimulating hormone (FSH) & % & human menopausal gonadotropin (hMG) (2 X
LIRS I IR B A E =2 — L e RO AE Y 14mm 4 8 2 7 IF 43 C GnRH antagonist
ZlRFFR G35 Z & THIRMED gonadotropin szl L, LH r— %M % 5 H1ETH 5.
B D e A& BEBE IR, LH RITMIC K D IR 1 D3y HAFRH L PN oFFE Th 5, LH —
DRI AFHEE TH DA, EHIZIFIEEES 18~20mm DB £ C human chorionic gonadotropin

(hCG) %59 % (Abdalla et al., 1987; Wikland et al., 1995; Ludwig et al., 2003),
hCG @ LHAEH ZRIH L, #2536 RFEI 2 (ZITPEINT~ 272 £ DIERNIERINZAT 5 (Abdalla
et al., 1987; Wikland et al., 1995; Ludwig et al., 2003), hCG % LH & ¥ &}l E
<, ERBEMET 5720, IRBLREHILO U 2 7 13m< 72 b, COH OREMRBIEME L
CIPHBARIRNSIERERE (ovarian hyperstimulation syndrome: OHSS) A32(F &A% A%, OHSS
FIFEGEET 2 & MBESLCBARRE 5] &K 2370 H2ER LT E22 570 (0livennes
et al., 2000; Delvigne and Rozenberg, 2003),

BRI O E(L LIS T ART D MR E < HBR L 72 DT BT D[ L Th D, RO
IRIFIIFRIB B 1L D 7 T AMEBESRAFIE A~ TS R 4T & 72 (Trounson et al., 1987),
77T AMEHAERAFE & 13, BERIRIC @R E O BRS IREME 2 IR 5 Z LI X > THifla o
KDFIREDREET 202F L. MHAL THKOREEBFAE LRVIREE T2 Fb, MR
BRGTET D TIETH D, T AMLHHERAFIE CITRIB G RISV TA U 2 ISk 6
DOYELRIEENEAE L RN L6 BRRFIC K DIRADH A=V i S5 2 & 3w
FETH D, SHIT, WARIFHOAETFIEMEENE L A L WBEED 7 AMEBHERAFIEN B
&7 (Kuwayama et al., 2005; Kuwayama, 2007), #BEGKY 7 AU EHRSERAFEITE HIE
FEAI-20,000C/ LA Db D L EFR S 4L, MICBBE R X A — U % 5 2 2 iR A SR
WU CHIRGEL BT 2720, BWAREREOND, /o, BEBHREE & i L TR
BRSO TH Y | RIS A LI L LR T2, HURERAF OB LVEREL & L
T, WHRPTH L, FIASh TS, HRERAEDARRICR 5722 & T, IRA HEEKZ < 2h3Ri

CHATE D L2 o0z, BARRICIE, RFIIRZ B L CRIGHRIEHIIHW D Z & A3l HE



E7rolo, BIZIE, OHSS DfEEA & 5 B ITx L CILH MBI — BRZ 3RS L, K
JFARNCRAE AT ) Z LN TE D, T2, ZHROENELNZHAIE. RERO B AT
D e, BEROMEBET 2063 T72 < BB 4175 2 & T, ZREED
VAT ZWHrIEHZLNTE D,

E BT ART OFRBICEHBR L-HAlT & L TRERWV SO & L CTHMBE-ES 2T b5, B
WERE BRI T o@mB 3 5 L2 B 5 ik (BWHE 2 YIBRIE partial zona
dissection : PZD) (Cohen et al., 1988). ZEMAH T DOHINIEIHE -2 EAT 2 J51E (BHEP
ePNHE 1-1E AL : subzonal insemination of sperm: SUZI) (Ng et al., 1988) 35 X UM
BB NI DT 7 ZAE L2 LK Z2EANT D HE (JFRE N EAE
intracytoplasmic sperm injection: ICSI) 23d& %, JEFI DN LS THE O ARIAEIZ T
L TIE PZD %2 SUZL DB RITZ LW E AL E IR o7cie®, BUEDEIT ICST &7
STWND, ZOEMIZEY . BHEAEDOIREIEDSEERIZIAN Y . EEOBMHEAIEICENTDH
TEARISFTRE & 7R o 7o, eI D B b ICST IS K D HEHR « 70 Mh DRI, ~ /L F—D Palermo et al.
(1992) 12 & v #is iz,

ART [ZBWT, b MEUE T LMD EIMNERITIHLATH Y . £ DM, FHABROIZIES:
B 2T DR IT TR B2, BIEOEIZA X aX—F =00 M3 2 & IEMITk7
DA B A=V ERT DA H 5703, BERBZH O X0 RIEERA /"o 7 <
2%, £ T Payne et al. (1997) (%, B3 KL ORI LD FEM R BENT D729 5L
BMEBEA T — Y L TEN L 2R L, T ORZ kiR L (LT 2 A7 A& H LT

72 TDOY AT AEFWT ICSI fafTte DI 2@k idiek (17~20 BFfE) L. FEM7R it 2

NS

T2l ZOMFNIBEMMAE S | AP E TOMIFIZIR STz, Mio (2006) 1%,
ZOWRBAEREE X T, BERENSLZE L, IHMREIICRFFBIEHRY T 2 REE A
MAICHEE L, b MIBIIROBIMNIT 21T 572, & 51220114, HRIZBWT, ¥4 A7
AA FaN—F—=pRFE SN, b FNIROFEMARBIEEMTOND X o2k o7-, Ll A

KIZBWCHA LT TAL o FaX—F—%H L TV oliixidd7e< . KD 10~20%F
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EThHD, WELRWEA L LT, MERBEARDPND LA T T AOBHEI 2T
LINDLN, Ak, EEMETTHZ LT, JKKELL T bD L Bbh s,

AR, RERROBIG T, R ERRLT A 7 A5 A VOBt > TRl TX L2 2
FInDEIERZ TV D, L, BEOFEER LFT 2 DI E > THRETRE A2 IR 720 30
DU, ERENTIFOEBETLTLE S, ZTORRE, ERROIIITHELIBRELTE
ART Z W T B ARIRSCHIPEIC T B R VMERIEM L T\ 5, F72, ART I3 TUX H ARITR &
Wl U C SRR SRS Em MBS 8 D, T D72, AARERMG ARSI, BT 2R3
ARHNZH— LT 5 Z2R LTS, LLEDOZ LD BEOIRS LOWETOES L WD
ART DFALBMIZFERT D722, BBESWIIF28NEA L CTE 2720 £< ol%
EH L7z, 20 bR EOERWIRZEL L TBIET 2845 2 L NEEL
Do £ ZTARMIZETIR, IFOfAIEMEZBRE LT, I6SI 2 L TW DB LI LITEL
LINDMIAESMETS 2216 ART IZEEH TE 20 Gt L7, £72. BEomWwiko®ks B
& LT, BEICBHT 2RI @ WEREEEZ AT 504 IR IRAYIC D 2 1L DML % 3

T,
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ICSTIFHUND AT T A~y b e BN O IAI A C Bl S, MBI R T2 EEEA
THRIELETH D, 1CST IZBAED ART ICBWTHHADHNTTH S (Palermo et al., 1992;
Vanderzwalmen et al., 1996; Dumoulin et al., 2001; Orief et al., 2004), L#>L. ICSI
T LOEEZA > TH, WERICINFAEELTLEI Z L3 ® D, Rosenet al. (2006)
1%, ICST #&DINF-DZEMEITT N TO 1CST iFENIE L CTREET 28R THL Z L 2R L
TU %, Van Steirteghem et al. (1993) 1%, ¥ THI 10%DIIF7% ICST #2122 M: LT\ 5
DTERWNERE LTV D, I IEE NS 7058 T ITIRF DM R 528 &
720 ICST Had TREIZ INAR I D 228K O fE % & 729~ (Palermo et al., 1996; Yanagida et al.,
2001), M55 72 INARARNE 2 A3 DI 1 28 EME Lod v ool 2L FASHIC BE5-9- 2 T S HIR I
MORERNERNARINT 206 Th 5, INRABEDOWZIIY A Y VO RERIT/ER LT
IR1 DOARVE#E B2 RIE L, ZOFER. 5 2 WD AR O Y/ R O 53 BER L OWAR D
BB 53 o/ NERE DR ELZ S E 2N H 5 (Palermo et al., 1996)

PR E VT2 IR D RER S D3I S g g5 72 IR+ T o 5 B IE, ik & LT, ICSI &I A
FTIFREMEL TLE S (Nagy et al., 1995; Palermo et al., 1996), £7=Z DX 572
B A a2 IR I HOR T D A AR & L CBERE & 2 25 W RELICIE 3 5,
R% 5~6 HEEE L, WEIICELE L2 E 1T A{bdiERTF3 5, £ LT, WEBLIKEIC
BT AMCHEAERTT LT e 2 iR L9~ 2 2 & SR IBiRiE CTh b, el s i
i Rl AR AR M R A SRR RERR A X D AR &V 6 T D (Cruz et al., 20115 Zuh
etal., 2011), ZALHOEHEMNG | MR WD 72 I & IEEIAG S5 Dy, £z,
15 5% O T B AUTMIANE A MaTS 70 IR0 712 H 2R 2 MR o & B R AR IO 95 = &1
KO IEIRICE D RS T 20 EN D D,

Zdx ., ARFETIE, MR TS 2036 L OV H oML A3 2901226 1CST 2 H

WTIRZEH L, MR T 52 K ORARA I Lz, S 612, AR WEDS 22 001
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Z ART VRIEIZC WD REDENEZRET H20I2, 20O X 5 72 IiF 2 kT 5 IR & s

Fl SNV RITHEIR LIS 2 DA LT,

MER X UFEE
BEER
2014 4= 3 H ~2015 4 4 A OMITERINT 2 HidT L7z 133 A A AR & Uiz, BE DY
EERIL36.2 = 4.1 % (2T~4Ti%) Tholz, BUXSIZIR71% ICST (76 JAHI) ., 1CST &
B4 2HG (in vitro fertilization: IVF) ZMiA&b¥7-A7 U » b (57 ) T, 154
172 J775 T2 kg S 7- (Palermo et al., 1992; Orief et al., 2004), A7V v MIT U4

LIZ IVEF BELOVICST 21T 072,

SRBATIRE S K UMERIR

PRI 13 GnRH long 136 KUY short 5% W /2, GnRH 7 2 =2 k& L T buserelin
acetate (Fuji Pharmaceutical Co., Ltd., Tokyo, Japan)Zf#f L. FSH L T" hMG (ASUKA
Pharmaceutical Co., Ltd., Tokyo, Japan) # #ZE&#4H L7, hCG (Fuji Pharmaceutical Co.,
Ltd. ) & 5 M leuprolide (% 2 fHLL EOURIERED 18mm % #8 % 7= Rf sl T G- L7z, JFIR1-4
ERITRIEBEE I T A R ORMERINE A T hCG #5589 36 FfI#2 1Al STz,
Anti-Millerian hormone (AMH) ¥ IIERINEBIRTIZHIZE L. FSH 35 JI O hMG (ZERIPJE 2 A
M U7z b5-820E LT, Estradiol (E,) JREEITERINGD 2 HRTICHIE S v, BRI A IRGE
DFHE & Uiz, B S 072 JFF- 13, 10%IA7E A0 human tubal fluid (HTF) (NAKA Medical, Tokyo,
Japan) |ZC 3 RF[EJRES 28 21T o 72, ATRGEZ. IIF12 80 U/ml Dk 7 /b m =& —P¥sik (NAKA

Medical) HTCTERy T 4752 LIk 0EE LT,
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ICSI

X m R)e=1renal R (NAKAMedical) W CAREMLALEEZ 1T~ 7=, 1CST I
20% 7% SN HEPES-HTF  (NAKA Medical) ® Kv » 7N THifT L7z, A > Y= 7 ¥ —% IN-11-2
(Narishige, Tokyo, Japan) ZfH L., £ ¥ =7 v a B~y I K-MPIP-3130 (Cook
Medical, Bloomington, IN, USA) % Fv 7=,

WEIEZNTHZ &A=l va By MR A U7 B R R ) i
T IR % MR A 55 72 R 1 (Fig. 11 -la) | A ¥ =27 v a v EXy M EMIREICHA
B, WEIEZ T D Z 22 X0 MRS A 2O F- 2 3@ i O lalE 2 A3 2901 (Fig. 11
~1b) L EF L7z, 133 JEIH, 83 AM (62. 4%) ZIFidH ORI A A3 2 IF1- O A1
L. 50 J&# (37.6%) (CITHMRAEA eSS T 2INF 030 72< &b LG EN TV, A&
B D@ O E AT LT 52 7 V—F AL Lin, —F., BED S il O 4

TOITE I N—TB & L. MEESNES RN 2 71— C L LTz,

REE#

ETORIE, WEI X TV A AV TES7230 ul O One Step Medium  (NAKA Medical)
HZR SH, 5% 0, 5% 0,0 3BT 90% N, DKAHSAET 5~6 HEREE S, HEEICIT
EmbryoScope™ (VitroLife, Goteborg, Sweden) Z{HH L. IEEIX 37°C IR E L7-,

SR, EMER, IWRIREESFE X ORMERIEREL 7 v—7 A, BB LU C M TH#

U77. ZH51E. ICST D 2 iR L OV 2 B OIELEIC L 0 Wedd U7~ 1CST 1% 3R LN I A

5

RV 3G LR P AII T2 e B Le (Fig. 11 -2), WEHIMESEE L O iR
DAAT N BLLEToH DWW A2 B & 2% L7c (Gardner et al ., 2000), Nx T,
IR OREEREABIEE L, BRIFERKICHOWON AR TH D, 5 2 MR, fik%
HIHLR KOV, & 1 B X O 2 IR (Pribenszky et al., 2010; Meseguer et al.,

2011) % 3 BEfECrh# L7z,
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g Kl

FFARSE ST 22 D7 2 FR R~ 2 IR R A T ZAUBRERAE S Fu. WRIE LI O 3L A
FEJEW T T 13 4 OBHEITT 5 16 AW OB A R & Uiz, MREASE R Ok
% WA el L M A S S 5 7 IR 1+ F e 9 2 VR & B L 7= [RIRER oD 78 44, 132 A O R A
ERIGE L 2D DIEIREZ R LT, T 7 AL PR AL Cryotop® (Kitazato, Shizuoka,

Japan) Z A L., BEIZHEN. S 7= 515 ThiifT L 72 (Kuwayama et al., 2005; Kuwayama, 2007),

Rt . H— IR 2 BT L. BRI IR 3 A% ISR A TR B MR T
XL DEERLT,
EHEAT

FERHIEHT 21T 7 B U 2015 2 V7=, Table 1T -1 12BW\WTC, 2 BRI 5 REEM
DFEDFEFIAT 2 —FT > O t REZ A2, Tables 11 -2 BL W4 BT 20 A FMRE
DOEFEMEITR Y 7 = a—=DOfIEEZ HV, Table 11- 3(ZBWTIL, 77 AHL - Tx
AGHOHT A IV, ZEEBIES Y —V — - U U7 A RXEE W, PR BRI DOSE

EHBREL R LI,

ot SR
BEER
Table 11 -1 2R T L H 12, BIEIZ L —T7BEIOC (12.6 =5.5) B7L—7A (9.8
+ 7.5) LHEILTHRIZZL o7z (P <0.05), [AERIC, RREWIE /7 v—7 BB LUC
(11.0 = 4.9) BT A—TA (8.4 £ 6.7) LIIBELTHRIZEZL o7 (P<0.05), 7
N—FBELOC OE, (7549 + 6310 pg/ml) (L. Z/L—7A (5406 + 4525 pg/ml) & kb
L CABEICEVMEEZ R LT (P<0.05), ZOMOEHIZOWTIL, ZIL—TTENZN

277,
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MIRBE DT REDS ICST $ DSHE, Bl KOS AT RITTRE

Table II —2ZRT LT, 74— A BLO BOZHKEFE (84.6~86.9%) L7 /L—7C
(65.3%) &HEELTHEICELS otz (P<0.01), ZEMRIT, /v—7 A BLOB (0.28
~0.71%) D7 NV—7C (24.2%) LI L THEBEICKLS eo7e (P <0.01), LLARBG,
AR TE RS (59. T~67. 5%) 36 X ONBAFMRAEALE (58. 0~64. 9%) [ZOWTIL, 71—

T TEN R T,

MR DR RE DS AR AR R T HE
Table II -3 /"3 XK D12, Z/—7 C DOF 2 MRl HIER] (2. 87 Bffl) X7 v—7 A8
FO'B (3.18~3.32 KffH]) &L HEG L THEIZE -7 (P<0.05), TSN OHEBIZOWT

L, ZN—THTENRN ST,

BRI DT RE S IR DIEIRIZ RIET
Table 11 4 1277 X 912, EHEER (35.6~50.0%) 3L OHAESR (74. 1~86.6%) (Z-OU)

TiEk, ZNV—TTENRNo T,

B
AREOFER LY . BRI, IS K ORI 2 HATO E, IR I, MR 58 22 9p-7-
EATHEEICRBNT, £ ThVWEZLIERL, ARICEWMEZ R L (P <0.05), ART
ICRWTIE, @E. EROITF 28RBS 5720 COH 21T 9. FRIRIIFHUT heG 5. (BRINTf
2 HAD Bt E, @EICEIFRTHD & Jooet al.  (2010) NHELTEY ., EEEN E
AT 5 LRI FE BN 5, Ziud, Fex OFER L —ELTWD, —F. hC6 HFEHRFIC

A By IRE A E WG A, smooth endoplasmic reticulum clusters (sERCs) DIEEZHE

17



(2 B &, sERCs AMFAET D INT-I12 ICST 24T\, Bl LA, IHIRRME T2 L #id
ENnTWb (Otsuki et al., 2004), ZDOZ 05 BIEEOREWER T MINIEE D
BRELBRNRHD Z ENBEZbND, TP R, BEOEIRED E, (TR METS L 7258+
ORAEZIIMSE 20 b Ly, SH%OBEIE, b OREBERERATLZEThHA
D6

AREINZBWT, MREAESS 2200 712 81) 5 ICST 1, @ oM A A3 2901 & g L
T, EVERENBEML, ZTREMET Uiz, REIE, IIFOEME IO RS & FH 2B
BRLTNDEWV) ZRETORE L —~HK LTS (Palermo et al., 1996; Yanagida et al.,
2001), & BITAFE T, MaFsil+Th > THEMEEFITZHETNIE. £ OO NI ~DFE
AREIR, EFINFORAE LIZROMIE~DFRAERE & X TH#EaRNZ EA/R LT, L
P23 o T, MEFFIR 2> & BRI IR 2 45 5 7o DIZi, ICST B DI T-DOEMEZB < 2 &
ROBEETHDLZ LN TRRENT, BOICA P27 v a By hEIIFNA~TTAT DR
(ZHF AN S J2 PRI E S D S B isiE, IIFDZEMERN &< 72 % (Palermo et al., 1996; Nagy
et al., 2002), ME5972IRARRANE D BEkiE 2 SR $ 5729, Palermo et al. (1996) (X%
WaABR T MICEET D HEERE L., BENICE, TA4 Y=/ areXy &6
IRF £ 7213 12 REOALE THEBIHITI LA TRIBS &, IRICER Y FOSEEA 3 RFOALEIZ <
LETITFAREHRSE D &, BNy b OSeiml IIFIABIZIR LT D iLioRiBIC e 5, &6

(2, ICST EHiD L——RREHZ X 0 MR G5 72 90 DB I HA 2 X A& BE 1 ICST & fif 79

HETA Ty va ey MK DMIEEOEE 2D 85, KNEIC IR
N U, IRFEAERN A 4% (Abdelmassih et al., 2002), Z O, 805 oM

EHT LI O ICST TR T, BHEZBIT 2720 a R T RBENTWD, FlZiE, A
=7 v a By MEARHZIN TS 5 BRI E N BT 572010, A v Y= v a v
By NEEPRICEAT LR, L— I L 0 EBE AL (Nagy et al., 2002), JEi#
{t. (Takahashi et al., 2013) 752 LICKVIRFOLERLZHDSEL LN TE D, £,

PRI AT v a Xy M BEEESEREER IS5 2 & TR A
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ZEMES D Piezo-ICSI Zfli 4% 2 & T ICST B DINFEMERN DT 5 Z L3 @miE ST
% (Katayose et al., 1999; Yanagida et al., 1999), &bI(Z, MW~y M&HHTS
Z L TICSI OFfAEEUETHZ ENFRETH S (Hiraoka et al., 2013), ZALHOEAMIL
MR A 55 72 IR 71236 1F % ICST R DOZMGRAZWE L. RN RMEIEERZ L7263,

B A LT T ABEED D MR EGS 22 5011308 O MR A A3 200 - L b LT
2 WK D B R 3 B o T2, BB ISRV T, MR, A HiBls OV R H
2 UNIINENC G U7 REE S E I ENAFAET D (Mio & Maeda, 2008; Mio et al., 2012), &
BEC MM WSS 72 SR - 1358 U 22 REFH] O FEPA N T8 2 MRDS U Eivie o 7o, T
BEO S EERIEIEE BB L TVD EE X BN D, Palermo et al. (1994, 1996) I
Mfa59 22 MRRIBEI L ER 2 WA U RE MR T2 L LT\ D, ZOBIGH Ml TS /e
AT HEWEER LR L T D NEb DN, ZO% OSSR BT
ZRIES TR, R MR ESS 220N F 2 d 1 D MERERTZ AL S . THIR, B 1 B LU
2 INEN O SE-RRs 3@ ORI A A3 2 INF D FR e & FRiER <. 2R BTV TR
INFETOFRELFHL LTS (Mio & Maeda, 2008; Mio et al., 2012), RKFEDFEFR LY |
Fohi U7 MV NEIE 16 JE T & TR &40 T2 25 MRS s 72 IR 12 H>R3- 2 IR e 2 R4 L
Th, WHOHIEEZ A9 290712 B kT 2 I 2 B L7256 & [R5 OTIRSRE L OH
ERTHDLZENREINTZ, EHIZ, ZA—7 ABILOBIZEWT, ZHEE, MR,
RIS 20T, Tz, MO MESS S 1XE—EHNICB T 2901 DB 2%
FIFE SN EDIRS T,

AREOFERDG | SIS METS 70 IR FIXSRERB IR < . B L0y, STl
ZDOHOBERERINCEBNTUIIEFE R EFETHD . ART DIGRICHWARETHLHZ &N
RENT, AR ITHIERE A METS 22 IR F O A A 1n] E & D HFIEORENLA ART TRREIC V)T
HEERDEAD, B, KEOFRENS, LUFOREIZBW I Mass 22 I8 b1

H L7t S8Rt L7z,
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Fig. Il -1. Fragile (a) and normal (b) oocytes

As shown in the circles, oolemma was broken by the insertion of an injection pipette in fragile

oocytes.

Scale bar: 100 um
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—)

After ICSI

Degenerated oocyte

Fig. Il -2. Degenerated oocyte

Oocytes in which ooplasm shrank and darkened within a few hours of ICSI were determined as
degenerated oocytes.

Scale bar: 100 um
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Table Il -1. Patient background

Group A (83 cycles) Groups B and C (50 cycles)

Age (years) 36.7+4.0 35.3+4.1
No. of oocytes retrieved 9.8 +7.5" 12.6 £5.5°
No. of matured oocytes 8.4+6.7° 11.0 £4.9°
FSH (1U) 1198 + 225 1188 + 309
hMG (IU)? 1030 £ 724 843 £ 350
E, (pg/ml)° 5406 + 4525° 7549 + 6310°
AMH (ng/ml)® 41+35 4.8+ 4.0

Data are presented as the mean * standard deviation.

*Because hMG was not measured in 2 patients, data derived from 81 patients were shown in group A.
®Because E, was not measured in 5 patients, data derived from 78 patients were shown in group A.
‘Because AMH was not measured in 16 and 7 patients, data derived from 67 and 43 patients were
shown in group A and groups B and C, respectively.

“e\/alues with different superscripts are significantly different (P < 0.05).

FSH, follicle-stimulating hormone; hMG, human menopausal gonadotropin; E, estradiol; AMH,

anti-Mdllerian hormone

22



Table 11 -2. Effects of oolemma properties on fertilization after ICSI and subsequent embryonic

development

Group A Group B Group C
No. of oocytes injected 422 351 95
No. (%) of oocytes fertilized 357 (84.6)° 305 (86.9)° 62 (65.3)"
No. (%) of oocytes degenerated 3(0.71)° 1(0.28)° 23 (24.2)
No. of embryos cultured 348° 305 62
No. (%)° of blastocysts 231 (66.4) 206 (67.5) 37 (59.7)

No. (%)° of good-quality blastocysts 134 (58.0) 123 (59.7) 24(64.9)

*Percentage per oocytes injected.

®Percentage per embryos cultured.

‘Percentage per blastocysts.

Nine fertilized oocytes were cryopreserved or transferred on day 1, 2, or 3.
*Nalues with different superscripts are significantly different (P < 0.01).

ICSI, intracytoplasmic sperm injection
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Table 11 -3. Effects of oolemma properties on the developmental process of early embryos

Group A Group B Group C

No. of embryos observed 348 305 62

No. of embryos assessed 348 294? 57¢

Second PB extruded + SD (h) 3.18 +0.95" 3.32+0.99" 2.87 +0.84°
Both PN abutted £ SD (h) 7.70+1.42 7.94+£1.59 7.81+2.05
Syngamy + SD (h) 2352+322  2381+333  2393+435
First cleavage commenced + SD (h) 27.12 £ 3.77 27.21+3.88 27.60 £ 4.92
Second cleavage commenced + SD (h) 39.88 £ 4.56 38.99+4.85 39.11+5.12

*Eleven and 5 embryos in which at least one of the events was not clearly observed were excluded in

groups B and C, respectively.

b°\/alues with different superscripts are significantly different (P < 0.05).

PB, polar body; PN, pronucleus; SD, standard deviation
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Table 11 -4. Clinical pregnancy after the transfer of blastocysts derived from normal or fragile

oocytes

Group No. of embryos transferred  No. (%)? of pregnancies No. (%) of deliveries

A 73 26 (35.6) 22 (86.6)
B 59 27 (45.8) 20 (74.1)
C 16 8 (50.0) 6 (75.0)

*Percentage per embryos transferred.

®Percentage per pregnancies.
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V4R, XA 5T T AA 2% 23— % —EmbryoScope™ (VitroLife, Gdteborg, Sweden) % i
M L7=8F%¢2 (Cruz et al., 2011; Kirkegaard et al., 2012a, 2012b) SMEEERE SHh TV 5,
EmbryoScope™ % 24 K] E =4 U L 7/ C&E L0 A 7 ZHEH LI EINEA A % 2 X—& —T
Hb, ZOVATLEEHNDZ LT, A rFaX—F—0bRERY H3 2 &7 < Ofiflks

THRDOFEE RN A IR BIEZT D Z LN TX 5, EmbryoScope™ OFH L LT, HEZL

W

b, JEEER, EiERRER L OWERD pd OZ b ZRET D5 LN TE 5, MBEICBNT

¥

X, H5—FREOFEBE LY bIRORFREE 2 7o 2 A4 LA R THITL, £ DIF
WAEBDZENTED, £/, single step medium ZHAGHED Z & T, EHEOBIEOMN
FHEM DT D DOEERIERAZHATOTIC, MW E COEFEET L Z LN E R o7,

R+ BT E 25613, HEMRZER LWRINE CRESELHZ LT, ARTIZE
i BIEHRFEIX A9 5 (Gardner et al., 1998), L»L72235, WMV & Co R #
et U, PR COBMEZ HEE T 2 A BAAET 2 (Mio & Maeda, 2008), 5 L T\
DI EE L2 A7 ZRET D720, DEOIIF LRIRT & o et M
ful E CRET P, YHIRBHZ TS5 2 L bh D, BRMORMIT, HICHniic LS
ARETIEHARWD, Bl H OFFREFHIIKTE L T D ONRERTH 2D (Van Montfoort et al.
2004), EmbryoScope™ OfEMIZ, MOFBEZBHIC/ZED Z LITL Y | REBKIZH T DEk~
RAER AR E 35, DFE V., FEMICBIE SN D HE LOBIR A RO EH R ELE
HIZR A5 IRAE ) & IELEEBHS 1T 5 2 L3 T & B,

WIRIREN IR ERES) % TIIT D F54E L 72 %5 (Shoukir et al., 1997; Sakkas et al., 1998),
BA LT TAAL L FaX—F =2 XDBIRORRE LT, IERHEICESZEDELND Z
EMFEITFSHND (Hashimoto et al., 2012; Kirkegaard et al., 2013) , EmbryoScope™ %
T 22 LT, MBEBEOEMBROITR L ORERO THINAREE 700 | RAFIRE &Y

HIENTED, WEinE CEET IO ZITH)5A81%, BEEEE2HD5 WL 3 H
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RICBAEZAT D, ZOR, IRT 2~4 Mg OIFEH ORETH D, ZD Loz, Dl
B 2 H HICIIMROREFRZ THIT 2 0LERH 5,

RETIT, BHEANCEWERENZ ROt MAZIHREMICRKT 2 FIEZ LT 5729
. 1B IO 2 INERE L Z D% D in vitro 3 KON in vivo 21T B IERE R OB

(ZOW TR 21T - 72,

MR L UU5EE

REEER B L UWRBHE

FRELRIMIEER 2, ARk KX OO P BRI TS J ORIMICHE U CTiT o 72, [EIUR S 7= 9P
T [FERD 152 VTR LTz, 2014 4 4 A ~12 A F TIZERIPT 2 51T L 72 164 J& 1) 4 3
BRRE Lic, RINEAHICI T 5 B8 O F L 37.6 £ 4.1 5k (26~4T %) Th o7z,
B S A7 IR71%, IVF (33 M) . ICST (88 M), A7 U v ~ (43 A, ZhZigEyE
R TE TS ET-, 27V v MEIT U Z LI IVF BEOICSI 21772, IVF Z2{F- 72K
(T, RS 4~5 EFEIFIC EmbryoScope™ (Z# L, ICSI ZAT - 72JRIE ICST #& Tk, EHHIC
EmbryoScope™ CHi#% Z Btk L7z, BHICHE L 7oz brE . H I E L [ U4 Cieok 6 A RIE;
F# L. DIIEREIRE R J OB R R IC SV Tl L7z, BAFERIIC DWW T L B T EDOM
BHES L O EICHE U CES LTz, BRINEINC I 2 B— IR 135528 2 A B COBAMEA 21 &
Wi, EsE 3 HEN 128, 5 HBEIX U A THo, BEFFHEICL Y, RLEENE
IR RE BRIV, R0 & 0 T 2B LTz, MO T ALBHAERFILE T RICHET
Tl E e, BT AMEBGE RAT . ORI — PSR B3R V| M TR NS
60 A, 1707z, H548 2 £7213 3 H BIZIRBIHNC TH 7 A RF L. B ZAT - 728

W3 A TH o7, BRIFRICBWTHE LD ETOERE AV,

iNOFag |
191 E D& FHANZ o, BRI S D5 1 36 KO 2 INEIRE O M Bee 3%
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SEIOREB L ORE SIS CTIRECHAL (Fig. 11T -1), % 1 IPHIOERET 3 HEIC
SR LTz, T72b6, 5 1INEIT 2 M2 L, REESEN 10%RhE DK% 7 71— A,
REJESEND 10~60%DIR%E 7 V—"T"B & LTz, ZHUUSD 2 Ml A TER L 72 Do T2 iR % 7L
—7C Lz, Z—"7 ADIRITE 2 IIHIOTERET AR LTz, T7eb b, 5 2 INEIE;
CAMIRATER L. AEESEIDN 100 O %A 7 v—7"D (Fig. IIT -2. a-c), 10~50%"D
Rz 7 V—7E & Lic, 4MlREZEMET. AE%ESED 106K CTh 5% 71— F,
10~B0% D% 7 NV—"7"G & LTz, Z/V—7 B ORILE 2 INEIOHET 2 BEICHFE L7, 4 4
fazTak L, RE%SEID 10~50%DR%E 7 —7H & L (Fig. T11 -2. d-f), 4 #ifla%
R L72 o ToRE 7 —T7 1 & Uiz, 2HIl0 5 6 8D 6—J7 ORIRN 52 U TRl T,
2N L Hdp Uie, 2 MIRIANIZIZEIRE (1 REREILAN) (ZOREI L7286 O A 4 Ml 2 Rk L7
LB LTz, BlzIE, 2/ &6 B— OMIFA SR L 3 Mfa L 720 . BRI ISR

D2HpED D HD Y H R HFOMBA L 4 Mika & 7 - 726 70 El3bRa Lz,

EBRETE

EBR T TS 1 IREIERAD 2 D% DI AT RIT TR OV TR LTz, 7V — 7 A,
BB LU ClzBW\ T L ORI OTE AR 4tk U7z,

FER LTI 138 L O 2 INEHERSZ D% OBRI AL RIET B OV TR L7,
7 v—7"D, E, F. G, HBEX O T2\ TIREIEE KO RIFIEEIE R 2 el U7z,
FEEBRILTIEE 146 L OE 2 INEIRRR 2 0% OIEIRRICKIET B O W TRF LT, 7
N—=TDoDHNNEITN—TEBLOHICHESNTRE R 2~3H HWIX5 HEICBHE LT,
KERIV CIZINEIR I 232 D% DERA A RIETEE OV TRA L, Zv—7D, ER
FOHIZBWT, BRIl L O OM ORI A LT IROF 1 36 X OV 2 JREIREH]
ZE L, WEERIZ I LR Do T RO YNEIRFE & bl L7z, 7pds. JAIEBRAGIFRIE ICST IC

BWTIXICSI & TIE%. IVFIZBW TR BIAGER & LT,
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FERV CIZINEIRERI 23 ZF D% ORI KIF T REBIC OV TRHRE LTz, Zv—7 D, EBLW
HOREE 138O 2 PEIZSZHF40 25. 90 35 L O 37, 88 I LANIZSE T LR & F 1 LL

AOIRIZTL, HE 2~3 H DWW 6 BRICBIH LT,

HoatAET
BERHAET ISR L T OFEHS L O IEOMEHFITICHE L TP T o 7o, bbb, R, 1,
B L OV TED A TR/RBE, EBRIVCIEY 7 ADN U4 U AGHOTE vz, PER

SR DY B e AR I8 AL IR LT,

ot SR
B 1 IERRR B Z DR OBAREICRIETEE (ERI)
Table I11-1 |\ZR 3 X 912, MR EIZE T 27 /0—7 A (84.6%) BLOZ/LV—7 B
(80.5%) (X7 /—=7 C (27.9%) LHEL THEICEWEAZ R L (P2 <0.01), BAFiriEha
FERERICBWNTH Z—7 A (49.5%) BLOZ A —FB (46.9%) (7 /L—FC (3.8%) &t

L CTHEICEWEZ R L (P<0.01),

1 RBLUE 2 BB T 0B OBARECKIETRE (ZBRI)

Table ITT -2 (T3 &K 912 MMEERTERGRIZE T 2 70— D (91. 1%) . 7 /v —7"E (79. 3%)
BEIORIZ—TH (90.5%) (X7 V—7F, GBI (29. 7~45.9%%) & # L CTHEIZHEW
iz~ L7z (P<0.01), BRAFMVBERERCRICIB W TIZZ /v —7 D (57. %) . 7 /L —7"E (34. 5%)
BLOITV—TH (64.0%) 17 V—7FBLOT (2.7~10.8%) &HEL THEICEVMEL
ALz (P<0.01), MR RCES JOBAFERIIEARE L b2/ v—7D, E, HREIZEZ

ot
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1B IUE 2 FPEIRAD T DR OIIRRICRITRE (FRID

Table 11T -3 1Z/R" T LI, B5E 2 HDHWE3 HHOBMIZBWT, Z/L—7DEERB L
OVH TR (13. 0% vs. 23.1%) BRI OHAR (100. 0% vs. 66.7%) DZEIRD -7z, [F
BRIZ, 5% 5 HHOBMIZB W THLZL—7D & ERBLOH IR (37.8% vs. 58.6%)
BEOHAER (94. 1% vs. 88.2%) DL/ olz, LNLANL, HE2HDHWI3HED
BAEIT3EHE 5 A H OBME & i U TR DA BIIR T L7z (Zv—7 D1 13. 0% vs. 37.8% ;

TN—7EBILOH: 23.1% vs. 58.6%) (P < 0.0l HDHWEP<0.05)

INEBIRFR] 232 D DA R RITTEE (ERIV)
Table 111 4 12”1 X 91T, & 1 BLXOE 2 JPEEFFICB W T BAFIMER (25.90 B
37. 88 If[H]) 1XF DO (27. 10 B L 0UV39. 78 Bifl]) B L OWMMEIIZIA Lo 7=

I (27.58 35 1N40. 08 HEfE]) L bt L CHEICREVMEZ R LT (P < 0.01),

IREIREHEI A3 2 DB DIFIRICKIETRE (EB]RV)

Table III -5 IZRT L OIT, KHFE2H LWL HEICBHE L-HE. 5 1 B L O 2 JpE
P 2 ZEVE IO EIR 2 38 Pk L C B ATHRSR (18. 8% vs. 15. 0%) (X2k3% S\ 2 L AVR &S iz,
SR, K548 5 H H OBV T, 25 1 36 L O 2 IRHIRER] & L UE ORI 4 88 bk 5
52 LT ENLSDOIRL YD b A EISE WIS (55. 8% vs. 32.3%) 3G b7z (P<0.05),
HAERIZBWTIIRER 2 H 5033 B BIZBE L7256 (100. 0% vs. 66. 7%) 36 KL UH5EE 5 H

HIZBHE L7288 (95.8% vs. 80.0%) & HiZ7&iT/eioT=,

E5
AREEIZL D AWESEOFEZERR < 1IIEIT 2 fifas L O 2 JIEI T4 Min &2k L,
FNFENDOIIEDS 25,90 3 L TN 37. 88 KEILANIZ5E T L7- IR A & A & TSRS L T 14 2Bl

THZEICED, BWIRIRENSEOND Z E RS T-,
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WIHIRIC 31T 2 M HOMNIT, EOBROIIEFEOIHIEL 25 Z LR TN ETITHRE S
NTW5, 8 1IREIRFC 2 SLLEDOHMIKBIZ 3RS D 82 WIEE 1 IR O aiin 35 2 Ji
FIRFIZ 2 SLL EOMIIC R L7cSra . 8 Ofiiasr & U7ie & bl U T IR R MK

T94% (Wirka et al., 2014) ., X512, MOZERIAAELE (Ebner et al., 2012; Paternot

~

et al., 2014) . MMBEE SO (Cauffman et al., 2014; Liu et al., 2015) ZFHli+ 5
Z LT, 4 MRS TTORAFRFEERE AT DA NRANICRIE TE 5, AEICBWNTH,
REPEHBOA TR, 5 1IFEIT 2 Mlaz a3, Wik X O RV
FRERIEM BT 5 2 EMNRINTWD, 5T, RYESEIOFEIZEMRR S, 52 I8 T4
Ml A T AU, Wi R X ORI ~OERNFEERR TR L35, b OfED
. % 1IPEIT 2 M, 2 MBI T4 MIaATRT 52 &iE. mWEBTRAEZAT HIRE 5
T DHIEL 220 | INEIRHC AT DAY ESENIEDRIBE L R bW LR h D, R
BEEs B O JRR & LT pH, I BEEIE DR 72 8 W\ O0iE STV S (Begg & Rebhun,

1979; Yang et al., 1998), TERDFmSTIETIE, DEDAREFELSEINFAEL, FIEROKZ

/

SNY—THIT, BWREERNDNSHLEEZXLNTEY (Veeck, 1991), NEJESE)HE
945 EERERRIFK T T 5 B2 5Tz (Alikani et al., 2000), 728726, K
BIESEINRET HZ LT, Ml MEEZS0MRE B IXI har R 7oME » o
RIGIRE) BRbbh)HThD (Sathananthan et al., 1990; Antczak & Van Blerkom,
1999), XHAYIZ, REHEHEID 10~50%Tdh D 7 /L—7E B LOH & REESEID 10%ATH
T D7 N—7 DI DRI AR L7 Do 1o TR O KGR IR (Youssef et al., 2015)
B L OREHREEEE (Waldenstrom et al., 2009; Cruz et al., 2011) DOHWFICL VY, &L
FIOAEEIMRR S, MBRICEETEL LI o7, ZTNHOYEEIL, AEIZBWTH
R EIDFAET DO REZ [ ESET-0nd Ly, AEICBWT, 25
WL 3 HHOBEIZHE W T, DEOBRIEIRS T OMA LB TE o Ten, 7
N—T"D & N—7ERBIOHMIZETR, 5 AfEE L, MERBHE L7256 bRk

FRDFFONTWND, Ziwp ., NYESBIOFEITIFRRICEEL RIS RNEBZ LN

32



e LDLERS, ZA—FDHDWNIZN—TEBLPHOELLIZBNTYH, BE2H
HUNME 3 B HOBAEITIEE 5 B H OMWEIaAHE & i U CTHEICIERRMET Lic, A=
BOWTI, b BAFRIRZ HEIRARICHE U, 750 ORE T T ZALEREIRAE L7228, B
BT < DA, K2 HDHWIE3 B HOMEZ AV, 5558 5 A H OB CTH 7 AL
fFLEREB L, LoT, & 2H20E3 B HOBHICH LZIROE RN E#ES AHED
BAEICHE LR & 0 R S IRE TE A2, TRRERHM O A TOMEREIT, BV IERE
BOZIEFA T TOLZ ENRBINT, SHIC BHE LTV —7 D EBLICHIZEBWT,
INENREA] 2 JLIC A IRRE DS M WIR A BRI L &L 5 L3k, BAFIERIC R E T 21267 518
I, B 1BIOE 2 PRI Z ICRIETE D 2 L 2R Lz, 2RO ORERIEL, FHUNEIRR
FIHRBROPENE SN ZNETORE L —HLTEY (Fenwick et al., 2002; Hashimoto
et al., 2012) FHIFREIRIIBEIC T 0 7T A ENTZEA L a— A —B L TIET S L&
AOND, AEIZBWTIE, 1B IO 2 IPRINZ L 25. 90 6 LU 37. 88 B LANIC
58T L7 RHIINEIR & Z7n Uic, 25 1 SRBIRERT O SEvET . 5548 25~27 IREf 14 1 F1IpE
L7 IVF 5 W0E ICST RETRA TN D 2N E TOEL OWE (Shoukir et al., 1997; Sakkas
et al., 1998; Fenwick et al., 2002; Salumets et al., 2003; Van Montfoort et al., 2004;
Giorgetti et al., 2007; Lee et al., 2012) &—E L TW5, —J7, 5 2 JNEIRp D ELUE
IZONWTIEZNE TITRENR R T2y, KREOFER LY | 5 2 IIFIRE & R HIINEIAR o3
WICHTHD Z RS NT,

IANFETIC, RHIIFRIIRIZZ LN DOIR & e+ 5 L FRBRE N ERHRESNTND
(Shoukir et al., 1997; Sakkas et al., 1998; Salumets et al., 2003; Van Montfoort et
al., 2004; Giorgetti et al., 2007; Lee et al., 2012) , AFETIE, FHIIVEISZ AR
BT % 2 & THARRD M B L7z, xRS, RHIIIEIMZH# 2 H5E3 HAICBME L
THIIRRICEE L RIT S 2h o Tz, T, BREROZZRIEFRBIMERRK S Livgun,
BARPIIZIZ, ARTIZBWT, 558 2 HHWE 3 HHOMERFE 5 H B OMERIL, £H66 %

TEICBAEAITY ., BRTIEOSES. 255013 HBOUHRIZIVE I CEE-TEY . T
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HIZITEREL TW 2R, 2wz, FEOREN 2 H2WE3 H HORRICHET) TR 727
REMENRBZZ BiILD, —H T, BMWEERNZF OMORKIZIH T, FEINEIZEHEL L
% < OWFENR, 2 H WL 3 HHTOBEAZ AIEL LTS (Shoukir et al., 1997; Sakkas
et al., 1998; Salumets et al., 2003; Dennis et al., 2006; Giorgetti et al., 2007;
Meseguer et al., 2011; Lee et al., 2012) , L2 L7225, REIZBWT, #HE IR
AARSMEE L, 55 A H OMBRABET 5 Z L%, BVIHREAZ B L7200 ETH D
Z BRI NT,

REEIZL Y WIIREIRRA R, BREATNZESWEREE 2ROt MRZ IR I8k

LFFD TIEDHESL E N Te ZOTIEE ARTIRRICBWTESERFICADTH L LB BN D,
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| second division

2PN (791)

Group G

“non-2-cell” (183)

“non-4-cell-fragmentation 10 - 50%" (3

Fig. ITI-1

Classification of divisions.
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2 cell 4 cell Blastocyst

Group D

Group H

Fig. III-2

In vitro development of human embryos in groups D (a—c) and H (d-f). Scale bar: 50 pm.
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Table ITI-1

Effects of first division patterns on blastocyst formation of human embryos

No. of embryos No. (%) of blastocysts
Group cultured Total Good-quality?
A 382 323 (84.6)° 189 (49.5)°
B 226 182 (80.5)" 106 (46.9)"
C 183 51 (27.9)° 7 (3.8)°

#Blastocysts in which both the inner cell mass and trophectoderm grades were scored B or
higher.

® Values with different superscripts within each column are significantly different (P<0.01).
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Table III-2

Effects of first and second division patterns on blastocyst formation of human embryos

No. of embryos No. (%) of blastocysts

Group cultured Total Good-quality®
D 305 278 (91.1)° 176 (57.7)"
E 29 23 (79.3)° 10 (34.5)°
F 37 17 (45.9)° 1(2.7)°

G 11 5 (45.5)° 2 (18.2)
H 189 171 (90.5)° 102 (54.0)°

| 37 11 (29.7)° 4 (10.8)°

#Blastocysts in which both the inner cell mass and trophectoderm grades were scored B or
higher.
®¢ \zalues with different superscripts within each column are significantly different (at least

P<0.05).
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Table II1I-3

Effects of first and second division patterns on clinical pregnancy after embryo transfer

Day 2 or Day 3 embryo transfer Day 5 blastocyst transfer
No. of No. (%) No. (%)* No. of No. (%) No. (%)?
embryos of of embryos of of

Group transferred” pregnancies  deliveries transferred®  pregnancies  deliveries

D 23(21+2)  3(13.0°  3(100.0) 45 (8+37) 17(37.8)° 16 (94.1)

EandH 13 (12+1) 3(23.1)°  2(66.7) 29 (6+23) 17(58.6)'  15(88.2)

#Percentage per pregnancy.
®The number of fresh (first) or cryopreserved (second) embryos are indicated in parentheses.
““\/alues with different superscripts within each row are significantly different (at least

P<0.05).
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Table ITI-4

Effects of cell division times on blastocyst formation patterns of human embryos in groups

D,Eand H

Endpoint of embryonic Time (mean £ S.D. hours)
development First division Second division
Blastocysts (good-quality)® 25.90 + 2.97° 37.88 + 3.65"
Blastocysts (others) 27.10 + 3.89° 39.78 + 4.80°
< Blastocysts 27.58 + 3.60° 40.08 + 3.73°

#Blastocysts in which both the inner cell mass and trophectoderm grades were scored B or
higher.

® Values with different superscripts within each column are significantly different (P<0.01).
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Table ITI-5
Effects of embryo selection based on first and second division times on clinical pregnancy after

embryo transfer

Day 2 or Day 3 embryo transfer Day 5 blastocyst transfer
No. of No. (%)  No. (%)° No. of No. (%) No. (%)°
embryos of of embryos of of

Criterion*  transferred® pregnancies deliveries transferred®  pregnancies  deliveries

Satisfied 16 (15+1) 3(18.8)  3(100.0) 43 (7+36) 24 (55.8)"  23(95.8)

Not satisfied 20 (18+2) 3(15.0) 2 (66.7) 31(7+24) 10(32.3)°  8(80.0)

*Embryos that completed first and second divisions within 25.90 and 37.88 h after culture,
respectively, were regarded as satisfied embryos.

® The number of fresh (first) or cryopreserved (second) embryos are indicated in parentheses.
° Percentage per pregnancy.

¢ \Values with different superscripts are significantly different (P<0.05).
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ART (2B W CEIREIRIZIEL 22 & 72 > T 5 (Pinborg et al., 2003, 2004), Z MDff
BT, BHIREEBEEN D5, Zivdzx, BRERE~D) X7 2 6720, HAERF
ABHFEEIT 2008 AR H— B HE 2 HESE U7, IEIRE 2D S/ 5 Z L7 < ZRTRZ#ET 5
CLIFEETHY, BRI Z ORBEE R T 5 FIETH D, BT 2R A S
HoITiE, AR T 5~6 AR T 2 0LENH D, WRI~ORHEOF R E LT, g
FUZEZETE RWIEZ RS 2 & T, AMNEEOMICEMEOMA R TE 5 2 ENRET b
5o LonL, R L721E & A EDORBIERIZIEE L2 WA 12T, WERBAEITR T
T7av, PIIMREAE (B33 2 72133 HHOBMH) 725613, MBR~BEIELZ LR
<. BIRIREEE LT R 60, Z2hwz, £ < ORI PIIOINELRERE, B
CERE ALY, BIFMASRET 2 HiEEfL L LD &R A T0D (Milki et al., 2000;
Dennis et al., 2006; Lee et al., 2012), & A LT T AL U F aX—&—[FWFEE DM
IRBIERIC RV CTHEREE 2 7o L, WIBINERC L IR BRE) &L OBMREZB BN LT
Tzo THIVETIZ, ZEDHE 1 IPEIE CORM &% 2 B B OFERE D 2V ITEKRRE L O
BAt% (Lemmen et al., 2008) %5 135 L OV 2 URFIRE & 3 H B ORD EIKAE & DBIFR Meseguer
etal., 2011), #5235 KO 3IFEI0 FMHL & BAFMEIIFERCE & O BIf% (Hashimoto et al.
2012) . 2 2 IREIORHIML & MR ACRE & OBk (Cruz et al., 2012) 2OV CHHBERAMR
P LNCESNTWD, X T, < O, RO 1 IIFIREITBI%G OIHRRIC
ZRIET EHE LTS (Shoukir et al., 1997; Sakkas et al., 1998; Fenwick et al.,
2002; Salumets et al., 2003; Giorgetti et al., 2007), — T, W OO HEILHE
ERIFS2NE LTS (Emiliani et al., 2006; Desai et al., 2014; Goldman et al., 2016),

HIFETIL, AYFELSRIOABECERZR <, 5 1T 2 Mgk L O 2 T 4 Mgz
R L. TNENOINEIAEZE 25. 90 33 X OV 37. 88 FEMILAINICSE T L7z b DB E O IR &

LT Lz, BRI, ZRODOMERE 2 H 5T 3 A BICBIE L THIEREIC
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MR RIS 0N, MBI E THEE L2 BICBRE LA IR R S e Lz, #Iop
B IR WRAERA A T OB T2 2 L2 AL LEEROZ R, &2 b
HUWNE 3 HE CTOBMEZ BH5 L TV 7= (Shoukir et al., 1997; Sakkas et al., 1998; Salumets
et al., 2003; Dennis et al., 2006; Giorgetti et al., 2007; Meseguer et al., 2011; Lee
etal., 2012) 2%, AHFZEORERITRE Sh-lh% 5 BRI SR L2k, 5 0h - Mg %
BT 52 EDNEIRRE RO LTZDICHETHLHZ EEZHAITRL TS, LNLREDL,
B 72 i 2 AN RAI L 725558 T ORI 55. W £ -7 2 &b mWEKREL
BT OHMZIRET L7200 I LR HEERNETH D,

TR, AEIZBWCIE M E CHSL LIZBRATIC@mWEIREEZ AT 5 b MNROIHRE
M7RREFIEDO I LR LB OS, F1BIOFE 2I0E, a7 va v IR

FICHE B L. BIERICEWEIRSRDFF DN D IROREZ1T o712,

MR XL OHE
BEER
2014 4F 3 1 ~2016 4F 6 AIZERIPMT 2 i1 T L 7= iR % vz, BRB9ICid, ST T L7z
AEJEFRNOF BB, B 1INEIT 2 /Mia, 52 0FT4MiazZ L., MRz E]
B Loz W, T ZMEBE R R . IRIEBILAREI AR L7z 243 44, 299 JE 4 (299 f&)

DN 2 AREO LRIV, BEFEEIL37.0 £ 4.05% (26~455%) Tholz,

REER B X IR E
SRERRPRIT S M3, ARk KO E D INEAIT TS K OBRIMIICHE L TTT e o 7o, 2R, IR
AR B L ORI IS = O RS KO EDORE R B LOMBAHICHE L TYiT > 72, T A

LB IRV TS, B EOM B L OTEDOBRIBAEIZ HE U TIT - 72, ik o B

E

— AR AE 299 JEEI I ARV E Al R TITO L, BRIERICEB DTS BN ETOESR
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Z Rz,

FERFHHE

FEBR LTI, BIETHL Lz, AESESEIOFEICRIGRR < 51 I0%IT 2 Mila, 52
PHEIC A MR Z TR L, 28 hs 25. 90 38 KL O 37. 88 REMILINICSE T LR & ® k45
EOA Mz BRET Lz, 299 8O MBI I & Tz L7 SRb 2 mi/z IR S | Tiii7z S 72
WIRD 2 FEIC/HE L, BRRATIRSR S L O AR Z g LT,

FERI CIE, BIE RS L7 A 72 7 182 DM A ATIRIZE S 1o iR & % 5 TR WK
D 2R LT, B 1 B2INE, 337 v a UBkE BT R L ORI & 2
RER CLbie U7z, MEOMIIapE% (Fig. IV-1. a B We), FEKITZNEIVMSL L, 52
RGBT H D, —EROMIMEEEE iR, FERDARHABIC 2 o 2em EIERIZ L7200 &
Bl S 4L, WL O FEIET R TOFEKIME 2GS 223, 2 OMIIEES IHA T &
%5 Fig. V=1. bBXOF) 2 s va U BtaL @R L, HERR 1 SOEERK L
il (BIERITMS 258 T L. il OMIAOBEFIIES IZ R T RONR0R, Bidid-& 0
LTk, MM < RD) Zar"rvamwT gLz (Fig V-1 c B X
We), H—FF—%43% (Gardner et al., 2000) (ZIIFDH AT 3ITHE LIS (I
RalpeZEmk U, PERFE A2 N S, MURIPE N FERICIR A 72 L72RAE) 2 ek (Fig.
V-1. dBETWh) EEELT,

EBRILTIX, 2237 v a U5ET B XL ORI A £ 72132 O 5 O3 2 O % DIz
BLOHAIZKIETEBIZOWTHE Lz, 2037 v a V5E T I JOWMERE AR 352
BRICEB W CTHEIRICE S 2RO TH D 79. 93 B LN 97. 47 B &2 T Fn AL UElZ L7z,
BROIZ, AR 2 a UEETH 79,93 RFRILANIZSE T LT2IR & Z LIS ORIR, KIZ, Ml
TERLAS 97, 4T RFFILANIZSE T LTciR & LIS DI, IR, a3/ v a VR TR L UHR

FERATE R RF R A3 U240 79. 93 33 TN 97, 47 BEREILLNIZSE T LR & F L LA DO IRIZ >\ T
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BEURR A i LTz,
HEFHEEAT

MR TR I35 T B O BLS X OTTIEORFHEITICHE L TiT o7z, 77205, BRI BIV
MTEHA FRE, ERITIEZ T ABL - 74 U RSB 2 V-, PED 5%ATE D

GeeAEmREL L,

ot SR
B 1B L UE 2 JREIRFH & 2 & U - IRBIR DSBS DIERIC RIS TRE (ERI1)
Table IV-1 12773 K 912, FHIE THENL L7 Gl 272 T IROIEIRSE (53, 3%) 1XZhLL
HEDIR (39.3%) & ik LT AREICEVWEZ R Lz (P<0.05) , HAERIZEIL 2D o 72 (76. 3%

vs. 69.6%) .

SRR X OREEIRAEIC 31T 2 RS A EE DY (28R D)

Table IV-2 (/R $ K Hi2, 45 1 IP%E| (23.62 vs. 23.53 W), &5 2 UF%I (35. 15 vs. 35. 07
KEf) . o7 v a VBASA (73.36 vs. 74.10 Kef) RERICISWC, 2 BERICZEIT R h o 72,
LU 3R v a 58 T 38 L OSBRI R I 35 TR MR IC = » 72 B (79. 93
BEO 97.47 W) 2, HIRICES oo 728 (86.46 3L TN 100. 34 BFfE]) &bl LT,

HEIZCRWMEZRLZ (P<0.01),

2URY T a UETB X OB RBERE & N L U RSB ORI RIS T
& (FEERID)

Table IV-3Z/RT L 91T, 287 v a VSET A 79. 93 KeILAN CTdb o 7o RIZ I T D 4TI
R (74.6%) 1%, ZNLSLOM (40.9%) SERL T, AEICEWEZRLZZ (P<0.01) ,

FIARIZ, a2 /"7 va U5 TR XOWEEIEZR DS 79. 93 FEEILINFS L OV 97, 47 FFEILIN TH
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SR EBT DEERSER (73.5%) IZZ LS OIE (45.9%) LB L C, AEICEVEZ R L
7z (P<0.01) o, ZAUSK LT, IMRIEREH DS, 97. 47 B LI TH » T2 IRIZIS 1T D4k
B (60.2%) X, ENLSDIR (47.5%) LZENRNoTe, AL /NT g VIET R IUWE
R AR S SR DU T IRigeEk 1 AR RICRB 2 MT S 7o Tz (ERENITIBN T, T4, 0%

vs. 78.7%. 74.5% vs. 78.0%8 LN 75.0% vs. 77.0%),

E5

ARE T, FHLIPEI T2 I K OE2REI CAMAR 2 TER L. AL E LD INEI2325. 904 LT
37. 8BIFHILANICSE T LTe iR A 3k L7, T O ORS, EERIZBE LIk, T 7 AL
TRAE L. /VE RN TRl L 7 E— R RBE 21T > T\ D, AEICE D, BRI
PIEIL 72T, 3Ny g 5B T 879, B3I T D MM A BB 2 Z L I2k ., &6
ICRWVEEIREN G B 2 LR &L,

BMEORE LY . FHNCINEI L, 28 LU A R Lo IRIZ@m W EREE IR H D Z &
PRSI, ZNEDOFRMEmMIZTIRAZBMEL TH, BRERRIII00TH 5, BHIE,
IO DOERMEN - TIRO NP TS I RHNTINET DI Z RET 5 2 LI KV IR UGE
T 5 EFRULEDE 1B L OFEIFFIREFIC W TIEIRICE > W RITIEIRICE 20 o T2 IR
EAHIEZR < (Table IV-2) . MREREKICISWT, MHRRZ M LS5 7-012i%, £ lShoHxE
DETH D,

WRHEE DB T, (RO HDE, MM OBERN TR D, ZomfEsd 23
7 g EREON B RIS 2RI L, REREZTEKT 5, MGz IV Em s
W, MR A THHE-H R~Y vda sy g VOBR TRINCEIT S (Larue et
al., 1994; Nikas et al., 1996; Fleming et al., 2001; Alikani, 2005; Bell et al., 2008),
ARTIZBWT, RO a7 v a I EVIER SILTHRWD WS DN ORZEILa s

va R E ZOREBEREIOBERIZOWTHEHE L TWaD, SR LARTIIC 2 >Ny g Vi
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X7 E . MARBIZEAY 27 (Iwata et al., 2014), K2, SHEIZaZ X T3
YIRTET LTIRIFAH BIZ58 T LR & 0 & BRAFIBIIZEE T 2 ie MRy (Ivec et al.,
2011) EHMEIN TS, S BIZ, 237 ¥ a UERIIBHR OILIRRIZEET D (Tao et
al., 2002; Skiadas et al., 2006), ZiLHDOFZEIE, 2237 v a VEERY in vitro B
KO in vivoll BW TR BRO TRZEZICTHZ 2R LTS, Fhdpzx, I /37
va VIR W ERIEE G T M AR T A HIEICE R TH D LIUE LTz, REORER L
0. a7 v VRIGRRNT., RO IO LT ET R oT, Ko T, a7y
v oa UBRRFRIIEWVEIRREZ AT 2R A 18I T 2 BEIC R DRV 2 EAVR S Tz, KR
2, HIRICE S Te D a7 g VETRMITEIRICE L R o Tt Z LD b5 <
T RT T a VEETINTI. 93RRI T H IR A Bk L MRS 5 2 & CaERRIEM B LT,
INDHORERIT, 2237 v a VR BIE T £ TORN & A5 KRB & OMICHHBIBIRA & 5
ZEERLTEBY, WOz Ry v a URRAD BAFVERIE RS X ORI RIS
HBZ25E0W) ZNETOREE—HL TS (Iwata et al., 2014; Tao et al., 2002; Skiadas
etal., 2006), —J T, W DDDORFFRIFIRD =237 o g VIR IR RICEE L
WEHE LTS (Chamayou et al., 2013; Kirkegaard et al., 2013),

Skiadas et al. (2006) |LIVFE/ZILICSIMET /X7 g V58 T A368~T2IEH T, R
EEIDI0%RLL T CTHIVUIEE3IH H OBMEIZEB W TEWIEERSE (47%) MG d EHfiEL T
WZs, B LTEIRD DT 00 5% LRI ATl L TWhiginoTe, L LR G, REICE
WCIIBAE L 72 R 0D 36. 8% S AREER D FAEA- i 7= L CTH 0 | FEHUEZ 72 L TZ RO ATHRSR (74. 6%)
bE LA RoTe, ZOYEEL, 3ODHERKICER L T EExbNS, IDHOERK L
LT, 79. 3RFRILINIC o X7 v a UMNSET LIERZ BRI L7 2 L3381 bivd, /1D
68~T2/F[E]#% . 53. 5~60. 19DBARIRIL, MAEITE A SND DD, W< ONOEREEE A3
HMNTHY ., Mz "7 a UBREEZ TS (Skiadas et al., 2006), ZiLH O

DN DT, BE2ET79. B Ca v v a AT L TWAEEZ NS, 22oH DOER
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ELT, Blm "7 va TR TR BEIC2 KL UMMIIIC OIS 2 im A8tk L7
ZLENFETF BN D, Skiadasetal.  (2006) (ZLD L. ZHENHES~T2HEM % D, ERAHIIC
AR a yPERETCHDMEBT D & 20~33% DIHRETHL EHRELTNDH, 2O
RN 72 FEYEIZ K D INEIE T, 22X v a USBIE L CW A IRIC BT D@V EREZ A
HIRDER 2R T D00 Lt HEOERE LT, §#EE-I1I6H HOWEnE %
FERE LT L2 Z &R bD, ZOHER, BIETHYL L X 51, FWINERE
N& IR 2 Bk L7568 558825 5 W3 H H OB & i3 2 L 8545 H H OB HE 134T
PR BT D, T ORRERY > AT MEICSTI L ONVFIRIC H k3 2 R 2 N & & 5724
o

FENZ a7 v a URET LIEREBIET 5 &L 2 mWIRERED G50 D2y HfET
T2, AT v NIRRT ABIRMES ) A SBIE IR E S HERERICRAT T H D &
FIREICEL 2 5, Zh b OMREN 22 ix, Milnosb, T 7ebbNEMinsiis L O Est
MIEA~DbZEE . 26 OZBITMEIIERICIZI AR AR TH 2 (Ivata et al., 2014),
INFETIZ, 27 va VBIEERE LI-MEIICS T 2N &/ s X & o/
B 52 L HMESN TS (Ivec et al., 2011), ZOFERIE, 327 g 5T OR
IO 7 AV T 4 —E K FEE, ZOMEE L THHEEMETT 2, LoT, BEflic=r
R aNET LIERERET 22 L TARI AV 7 4 —ROBMEIT 506 LIv7auy,
TRy g R NIEAE S 5 ELE XA TIR A0S, IR E A E T R AR R R B IR
B2 7= (Hashimoto et al., 2012) & STV 2D, SMAZEIR DK Tl id )&
HINZEML, #ERE LUREENBIE L7220 b Livev, £z, 4a~THIlROB a7 v
2 UBEEAT LA EOMDEERITIZETH Y, MIESZIKBL TWD (Iwata et al.,

2014) ., 2N S DR GIZRAEIZ S ST, iz, BE 2 iaE . EEko

s

L. HIRE S ORI T2 L N 2 a U5ETORMEE R L TWAE LIV,

REZLY IHRICE S TERITIHRICE S 2o TR L BB Z TR L T D,
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UL, PRI AR 2 ZE VB ISR 23888k U C O IRIRBIIM L LR o Tz, s g v
FETREENC BNV T, AIRICE © 72 IRITATEIRICE S22 o 7R L Y 6. 53NF R Hlc = o8 o
I UNET LTWDH, IR RERTIX2. STREM OFE N Loy, Ziud, BHjic= o)
72 a N T LT D MOMBITER N BIET 5. HOWIE, 237 ra V58T DNERIE
LTEMOMERIIEE A RIICRE 5 2 L 2R L TWD, 2O Z Eh, R RO 2
IR ZRELTH, REMZBEL TS0 Liten,

KEOFERENS, RHIIER L Oa s 7 v g v okX e Lo, BIEREREEZETD

AR A 2 JAR BRI Rk 2 k2 RS LTz,
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Pre-compaction Compaction beginning ~ Compaction completion Blastocyst formation
(66.0 hours) (73.3 hours) (79.9 hours) (97.4 hours)

Satisfied

Not satisfied

Fig. IV-1. In vitro-development of (a-d) “Satisfied” and (e-h) “Not satisfied” embryos. (a and e)

Pre-compaction, (b and f) compaction beginning, (c) compaction completion, (d) blastocyst, (g)
incomplete compaction, and (h) incomplete blastocyst. Culture times are shown in each picture. The

arrows show the obscured intercellular boundaries by the merging of blastomeres. Scale bar: 100 um
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Table IV-1. Effects of embryo selection based on first and second division times on clinical

pregnancy after single blastocyst transfer

Embryos transferred Pregnancies
Criterion?® Deliveries ® (%)°
n n (%)
Satisfied 182 97 (53.3)¢ 74 (76.3)
Not satisfied 117 46 (39.3)° 32 (69.6)

#Embryos that formed two cells during the first division within 25.90 hours and four cells during the
second division within 37.88 hours were regarded as satisfied embryos.

® The numbers of deliveries.

°Percentage per pregnancy.

%€ \Values with different superscript letters are significantly different (P < 0.05).
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Table IV-2. Effects of cell division, compaction, and blastocyst formation times on clinical pregnancy after single blastocyst transfer

Time (h), mean + SD

a
Pregnancy Embryos tr:ansferred
First division Second division Compaction beginning Compaction completion  Blastocyst formation
+ 97 23.62 £1.59 35.15+2.24 73.36 £ 6.83 79.93+7.19° 97.47 £ 6.02°
- 85 23.53+1.67 35.07+£1.95 74.10 £ 6.44 86.46 + 7.30° 100.34 + 7.94°

#Embryos that formed two cells during the first division within 25.90 hour and four cells during the second division within 37.88 hour were selected.

®cValues with different superscript letters within each column are significantly different (P < 0.01).
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Table IV-3. Effects of embryo selection based on compaction completion and/or blastocyst formation times on clinical pregnancy after single blastocyst

transfer

Criterion Outcome Satisfied Not satisfied
Embryos transferred, n 67 115
Compaction completed within . 0 c q
20 93 hours Pregnancies, n (%) 50 (74.6) 47 (40.9)
Deliveries * (%)° 37 (74.0) 37 (78.7)
Embryos transferred, n 83 99
Blastocyst formed within . 0
97 47 hours Pregnancies, n (%) 50 (60.2) 47 (47.5)
Deliveries * (%)° 39 (78.0) 35 (74.5)
. Embryos transferred, n 49 133
Compaction completed and
blastocyst formed within . 0 c d
79.93 and 97.47 hours, Pregnancies, n (%) 36 (73.5) 61 (45.9)
respectively e A
Deliveries ° (%) 27 (75.0) 47 (77.0)

2 The numbers of deliveries.
® Percentage per pregnancy.

“dValues with different superscript letters within each row are significantly different (P < 0.01).
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