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= Abstract =

In spite of much progress in in vitro fertilization and embryo transfer (IVF-ET) program, the
pregnancy rate remains at 20-30%, and the endometrial implantation rate per embryo transferred
at 10-15%. As a result, about 90% of embryos may fail to implant to the endometrium, and
many attempts such as optimization of follicular developmant, improvement of in vitro culture
system including coculture, and micromanipulation of zona pellucida have been made fo improve
embryonic implantation after IVF-ET. Recently, several procedures of assisted hatching (AH)
using micromanipulation have been introduced, and pregnancies and births have been obtained
after AH.

To develop and establish AH as an effective procedure to improve embryonic implantation,
AH with partial zona dissection (PZD) was performed in 116 cycles of 89 infertile couples who
had previous repeated failures of standard IVF-ET more than two times (Group I: 71 cycles in 54
patients), or who had implantation failure of embryos with good quality (Group II: 15 cycles in
13), or who had undergone AH without specific indication (Group III: 30 cycles in 22} from
January, 1995 to Februry, 1996, and the outcomes of AH were analyzed according to pregnancy
rate.

The number of cocytes retrieved after controlled ovarian hyperstimulation (COH) was 9.9 + 7.1
in Group I, 11.5 * 4.5 in Group 1I, and 7.9 + 6.4 in Group Il The number of embryos
transferred after AH was 4.7 £ 1.8 in Group I, 5.3 + 1.3 in Group II, and 3.5 * 2.4 in Group
Ill. The mean cumulative embryo score (CES) was 56.8 + 30.0 in Group I, 76.1 £ 359 in
Group II, and 38.5 + 29.9 in Group IIl. The overall clinical pregnancy rate per cycle and per
patient was 12.7% (9/71) and 16.7% (9/54) in Group 1, 33.3% (5/15) and 38.5% (5/13) in Group
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II, and 6.7% (2/30) and 9.1% (2/22) in Group 111, respectively. There were significant differences
in the numbers of oocytes retrieved and embryos transferred, CES, and the clinical pregnancy

rate per cycle among three groups. There was a significant inverse correlation between basal

serum FSH level and CES, and no pregnancy occurred in patients with CES less than 20.

In conclusion, AH of human embryos with PZD prior to ET has improved the implantation
and pregnancy rates in IVF-ET patients with the past history of repeated failures, especially in
spite of transfer of embryos with good quality, and AH will provide a range of novel techniques
which may contribute much to effective management of infertile couples.

Key Words: In vitro fertilization and embryo transfer (IVF-ET), Implantation rate, Pregnancy
rate (PR), Micromanipulation, Assisted hatching (AH).
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Hlote] 5l A2 Y 9 AN A 2HT
B[AZE Y& Az deA Yok 38 dae
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i’} 82}l Gonadotropin-releasing hormone
{GnRH) agonist (Decapeptyl, D-Trp-6-LH, Ferring,
Malmo, Sweden)Z AF&3F A7l A7y
(luteal phase long protocol)-S 4l A &ke] ahuf g8

& A3 skqit} (Chang er al, 1990 & 1994; 7
5, 1995 & 1996). g R F71 A YA F7)
A 3Y A Al A3t HF FA sz
(lutenizing hormone, LH), WYIZA=5= =
(follicle stimulating hormone, FSH) ¥ estradiol (E2)
$EE 2490, 44 2294} (ransvaginal
ultraso-nography)E Al 8§ sty Fyhdl o] FR&
st Art. 745717 B & Bl e 97
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271 Al 4ol xS 7] % M FE &
olsled YA F7] A 219 o) GnRH agonist] 3 aF
FALE A 28} T} (ovarain suppression phase).

GnRH agonist®] 3|st54t & H7o] glow 4
BE7) A 3ol HstrAY V1% A FFE
gl s}lr] 93t 83 LH, B, progesterone (Pa)2
235t} LH < 5 mlU/ml, Bz < 50 pg/ml, Py < 1
ng/mle) 7§ 2B Alsldch =4 9
ZAF7) A 39 A4 2SFHAHALE Al st
GnRH agoniste]] 9 g vhix g0 DA A
G FEo] e AFE et A4 2E59
Fxste] A2 HAxE AAs FQ AASH
o YA F7) A 3del Ru_HFEE A6,
I k424 = FSH (Metredin, Serono, Switz-
erland)9} BMG (Pergonal, Serono, Switzerland)Z
E-3F 218859t} (ovarian stimulation phase). 2]
FHEE AFsle E& AR A 192
sta, A 193 A} 2l L% 6419 FSH 150
Wg 25FA8H, A 3958 e nfd 24, &
Fof ztzk hMG 150 TUS 28-FA e A ghxle]
i ukg A 2 €3 B wEd ol A
ZA| 3o T ASAT. dIEHE A
64 RE= dF B 724 22 233HAE
ANFsle GFZ A FFIAY $AGE =
71¢] @ A7°] 18 mm o}Fol Ay 16 mm ]
ARl GEIL ) oG BEHEM BF E v
7F A% et 217 10 mm o]l dEY ¥
% B, H%27F 300 pg/ml ©] 4ol ™ hCG (Profasi,
Serono, Switzerland) 10,000 [UE & FAFso]
Hgg fFEstth

LH9} FSHe 8% Fie 99¥AA A
(monoclonal antibody)E ©]-83%  immunoradio-
metric assay (IRMA; Medgenix, Fleurus, Belgium)
2 2453 LH 33 9] ?z =& 0.2 mlU/ ml,
intraassay coefficient of variation (CV)& 3.5-6.5%,
interassay CVy= 4.5-8.8% o]l .oy, FSH &4 ¢
25 0.1 mlU/ml, intraassay CVi 1.6-2.7%,
interassay CV¥ 3.6-53% o) ¢lth. B9 85 »
= AbA Y Z3 W (radioimmunoassy, RIA; Spe-
tria, Orion, Finland)2. 2 &3 3l o, B, % 9]
W ZFE = 20 pg/ml, intraassay CVE 2.9-9.7%, in-
terassay CV= 2.3-10.2%, estrone (B)¥}e] s }uk
S = 1.3%, estriol (Bs)3to] wARHg == 0.4%
o]dth P8 ¥ & X progesterone Maia kitE
o] &3 WAIHA &AW (RIA; Biodata Sp.A,
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Roma, Italy)e 8 Z43tgon], P, 239 vzt
E+& 0.022 ng/ml, intraassay CV+ 5.7-9.0%, in-
terassay CV+= 4.6-8.2% o3l th.

A4 280 BNBHE 77 W AT
7} Al 38 AE Azt W] 48 7]
ol g o] £ HE7tg ¥ GnRH agonist
Fof Az a FSHAMG Fof Ajztdel) AA st
o, PNTHE Al 6¥ HEE hCG Fo T3¢
72 W et GAshe 3o AEE &
Batvh 23 8AFE A 94 Aol FUG
AAALe o) AAjste, A 2godEEd7)
71£ 5.0 MHz frequency2] 2] transducer’} 32+
¥ transvaginal real-time sector scanner (Combison
310, Kretztechnik, Austria}E Al-8-3+3 o}

2) dof xH3 H "R X2

BHe] AHe dAAH L ok FFo
50 ml pyrex beakero] ¥-32 0 8 Aa]slo] 4l
2ol A 30-40 3 WA st QA F 7] EH
Q BAAAE AT B %, BA)
55 2 2349 Hrhe AARAZF (World
Health Organization, WHO, 1992)¢] 73 o} u}a}
Algstgon, Fze] FHE #8743t
Kruger 5 (1986) 2j3t] z¢td A=kl Y
el F2] (strict morphology criteria) S 2 A} 3}
o o] BFE St dstd HAg 80%
percoll 5 mI7}F €9 91+ 15 ml conical tubeo)] o]
4% F 60062 2087 YA BT 4%
HE AAT F HAANE 2 E£3, 71 Ao 2 ml
AW & (insemination media, IM)-2- Yol 42
F ThA 300GZ 10837 44 2238k 22k Al &
AAstde. AXstd @ojd F AL 3.6mM
pentoxifylline (3,7-dimethyl-1,5-oxohexylxanthine,
Sigma, USA)o. 2 308-7F A2 & Y4 £}
o A swim-up X 2] g FRHE AHEEEH O

3) Rt A YL S

wbe] A3 hCG 10,000 IU 8324} 364
2 Fol A4 285} FEdol AL Foho] W
To) FU AAS ol §ake) NDART. BAE
Zg3sla 9l XA L 2 mle] Dulbeleco's phos-
phate buffered saline (D-PBS)-S £&3t1 sl+= ¢
Y F£HE 91, 1 AF A 2 mi9
D-PBS-& 9 & AMg-3te] dA1FQ] FAF el B
gt WAt YES ABAsHAT o)

D-PBS §olo] 52 EfAg FA MULRE &
AN RS F3 A ASekn W EA
(#3002, Falcon Plastics, USA)ell &% ¥ 3j¥ &
0] 73 (dissecting microscope) 2.2 a}te] Eaj o
BZ g3t m, Gy EA7F FRAHE gukat
& 0|7 (inverted microscope) o & WAte] JEH| S
ZEHE T AFHE AT FA S (immature),
A< (mature), #AJ<; (postmature), WA E 3}
(degenerative) 502 FE3F4 ).

Jones ¥ (1982)2] W& o} &3} H ¥
o A&dae 7.5% Ao AREAE &
Ham's F-10 vj ekl o)l A 6-8A)7F 7hf k&
Patg ot vl SRt Veeck T (1983)9] W
S o) &3te] TLI g oA 23-354)3F
7 ekated A 1 =) (first polar body)7} W&
AE FAT F L A AR

Hj oF el & Ham's F-10 (Gibco #430-1200)& o] &
5ol 250 mle) 53 SHFE g @X)yE OE
12, penicillin G 75 mg, streptomycin sulfate 75 mg
& F713 T gl A5E Algst] 4T W
Fao RS olek 2ol AzB Wity
(@x) 25 ccoll SAF ZHF 75 B HIVE, cal
cium lactate 24.52 mg¥} NaHCO3 210.6 mge 5
7}ete] pHE 7.4, A5 42 280-285 mOsm/liter7}
HEEste] v 4 A Uit A 25T F A
Aot A A 9] Fxrt A FAANAE 7.5%,
A7 Flo e 15%7 HEE 442 Ak
F Aol AHE-3H o

4 cxpel £ stel

i

Jo
f o oE ok

2 Z 16-1847t0] ZAFE F wjA sl
(micropipette, 2 73 200 pm)< ©]-&-3ka] B2 9
9] GAFF-AAgE BEA] (ococyte-cumulus-
corona complex, OCCC)E A Atz Z47}he] vt
o 2719 A&} (2 pronuclei, 2 PN)o] BAHUYE
A& x40, x 100, x2009) SuAlHvA R B
#atgich 2 PNo| & el M e RFHA &2
ghate] b vleA (unfertilized) HAR IHE
sto] PARE $ReS AESHAT o A 1
ZA 7 REHR e, AZA (cytoplasm)= 37
A & A st FABATE Petri FA] L F
el 3-5 ule] A A (sperm droplet)y S THE
2, 2 FHE 25 ul A 52| Ham's F-10 wj oty
dropletZ 87/ A X TEo] Wy¥d dAE V1Y
we & light weight 912}3 29 (paraffin oil)2
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Y3 5% CO, wj 7)o A wf kbl ot

4SSt A g 270o] Aol AFE 1 Y
o A& T gL o FAHA FHe
2 3, vhY 1 PNo| HAHW 44|12 54
PN Zei7} ¥t & BE3H Y. Jadde=
FA o] o] Fol R Ak Mdle] A g
(growth media, GM)$] 15% human fetal cord
serum (FCSY% %+ Ham's F-10 2.5 mI7} 9]
A culture dish2 &7 §F 24-28A1 3} wj Fsta]
ujobe] vkt A, & €T (blastomeres)’t TF
%A, o] A AR &7 9H (anucleate fragments)
o QA wet wote] AH FF (embryo
grading)2 # 7St (7 5, 1995).

5) Hljole] H x5 5l (Assisted Hatching, AH)

A 22-E ol 83 B2 e 93 1A
# (holding pipettes) % Evith A7) 5 (incision
pipettes)& -] &4 # (glass capillary tube; GD-1,
Narishige)& At-g8te] e felmA#e
2% Tx A A (detergent)ell A 253 A& & o}
A 2ES BRFAA 084 23 2559 A
&1 100°C dry-ovenoll 4 7% HFEF T Al&s}
Foh AAF L 93 pullerE o83t = 3-S
7tex A B2 3 microforge (MF-9, Narishige)
oA 2231 Bl @7} (fire polishing) 117
°} 30 um, &} 72 °) 100 um A% A tFEolA] A}

Eataich AAS e A puller2 JHeR A

¥ 9L miaoforge® o] -88Fd 2ol 1 um
A EItEA Azt

FHE AAS 9 AN S duage A
of 2ad 329 4204 n A Z2H7] (micro-mani-
pulator)e] 7] 7HEE (100l holder)ol] 1% 8},
v A £291 7] (microinjector)ol] A3ttt =39
AX = x40 — X100 ¥} &3t FHA 3L 94
W, A S 34 Weker 100 A% o5
A A2 sk

Ed) H/E 9sle] 60 mm Falcon dishol]
mineral oil & Qo] A uj%E 10-20 ule] A} AFuj ok
o A vlolE WAt FA A & &
2 Thsted wjolrt g olA] REE uY e,
vjoe] 1A] whgkoA] 114 WEko 2 wjole] A
Erto] AAuz] g =dds #Esgo
HAARAA wlolE A2 F Ao
747 e s JA e Baelo nhdazi|
Al BRdE Astdch Bt REHoR

A7 wjote AT AP gdos $A A
g & Fapel AR ol

6) tlot of4 I o4l el

dato] FQlH njol= Jones T (1983)°] <k
3} wjjo}o] 2l & (trasfer catheter)-S ©]-&3l BF o]
zo wjobE A3 7174 BAe) AFHE o4
8he, o £2] Wjol= WEHE (cryopreservation)
ARG (F F, 1994). wiote] zAgfjo]y Tl
Hag 4N AR S Ak, wA AH 2
4 XL E] progesterone in oil 12.5 mg (Progest, Samil,
Korea)& 4lo] &1€ wj71x] A& 2§ FA e

o A7) BAe AT
Ax19] 212 wjolo] 2l F A 116l EF B-
hCG 55 & 8913ld 3 mIU/ml o] o] 11, 15Y
F AAR AN PF BHCGE A&
Bolw, 4l Al 5-657 0] HAF A 25
ZAA el A R (gestational sac) 9 efolo] 47 wh
Fol #aEe A9 AR Fitol 94
sjo] AAIE Qg hshso] ofste] W £33
o glo} 24 o] AP AFE YFA YAl
2 dgstnt A3hera Al (biochemical preg-
nancy)2 % B-hCG ¥ Fe F HLE B
o A97 Aosgon, 994 o
3

£ 94 9 BT A3%E 34 Ras 3
etk

B-hCGS =7 -2 hCG-beta-kit (Serono Diagno-
stics, Switzerland & International)& o] &3 ¥ALH
AZE RIAYE At e, 49 U3t
+ 3 mlU/ml, intraassay CV= 3.1%, interassay CV
= 6.0% 13Ut

7) 017 A A o B Yy

A7 Ao e A B2 SAS 6.0
programo] A1 2] one-way ANOVA with multiple
comparisons, 2-tail Fisher's exact test & |3}
Hen, p<0.059 A SARH FoHdo] =
Aoz #Adsgl.
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7] ol td BAE 1 *ﬂﬂ-r’?}/‘ls«l &
T GBAA BEdFo] 674, 4AEH B

SV {2 Sl
Zo] 2% <jh
(Table 1). i BA-E29 v $-xpofl A AlFHAL
BAAA @w AR &, FEA AR X,
Aol de $& 5 A WU EA 2 A7
A ol A FAAA B F2 flolt)

IZ, & #A AFArE A F7)0A
A& 33 o] gl Ao AR Bx F&
549, 7137] ol =H o|F 8x1] dA#o] 374
o3 A+ 18, 2457, @A F7] A 34
2238 712 Y3 FSH X7} 15 mIU/ml o} 4+<)
A$-E 199, 2057 o]ger, #F 5.0 + 033
(3 -14)9] A YFH Aol Aajg V143l AU
ok AL A FHAEA FAel HAAAHA H)
of Wox Bslm wiojo)d] & A4, Z 9
A Aol AeE g4 o, 2 1F 134, 153
7] ol om, EFoEAN A7F EF A4 A
£3°] glol ExR3eg Ague 3 7 =
HIT-& 229, 3057] o]%lt} (Table 1).

o B HE AP IFAA 351 &
3.340 (29 - 43), oA 33.1 + 1.64 (30 - 35),

M)A 344 + 294 (29 - 39)2 A 3F Zhol
BAgGA oz Fo3 Aolr} AT (p<0.05)
(Table 1).

47377 Al 3¢ 23 7= YT FSH ¥
¥ IF9A 150 = 7.4 miU/ml, ITo]A] 10.7
+ 3.4 mIU/ml, T} A] 16.0 £ 10.3 mIU/mlZA]
35 7holl %21 % Aol 7k QU2ATH (Table 1).

Aol g e A FNSHFE F A
Aol 4 IZolA 99 + 7.178 (1 - 3874), Iitell
A 115 + 4570 (2 - 2070), Tl A 7.9 + 6.47)
(1 -24/NEA 37 kel BAFHCZ {2 2

o]7} 912l th (p < 0.05) (Table 2).

ALeA D wjek 3 zpFUjo) o] AdE 5
e Bg 9AE B R2RIdes APP
F Aol A& AA & Hiote] & EAlA 4.7
+ 1.87) (1 - 8), IFolA] 5.3 + 1.37] (2 - 7), Il
FoA 35 + 2470 (1- NEA 37 bl H28

Fol 7 Al e} (p < 0.05) (Table 2). AHZ o] 4] ¢
o} ol A o] *=2iujjo}x]<4 (cumulative embryo
sc-ore, CES)T= 1o Al 56.8 £ 30.0 (9 - 120), Ii
Tl A 76.1 + 35.9 (16 - 120), oA 385 +
29.9 (5 - 902 A 3 2ol F2& Aol7t dATH
(p < 0.001) (Table 2).

vjolo] 4] & A 11 A1 F B-hCG ¥

Table 1. Clinical characteristics of IVF-ET patients undergoing assisted hatching (AH)

No. - Group [ Group II Group I
Patients . 54 13 22
IVF-ET cycles 71 15 30
Age of patients (yr)*

Mean 351 £ 33 331 £ 1.6 344 £ 29
Range 29 - 43 30 - 35 29 - 39
Basal serum FSH (mIU/ml) 15.0 = 74 10.7 & 34 16.0 £ 10.3

Indications of IVF-ET Total
Tubal factor 67
Unexplained 9
Endometriosis 8
Pelvic adhesion 3
Chronic anovulation 2

Mean + SD

Group I Patients with previous 3 or more IVF-ET failures
Group II: Patients with implantation failure of embryos with good quality
Group II: Patients without definite indication of AH

a:p < 0.05
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Table 2. Ouicomes of IVF-ET in patients undergoing assisted hatching (AH)

No. Group 1 Group 1I Group III
Patients 54 13 22
IVF-ET cycles 71 15 30
QOocytes retrieved”
Mean 99 + 71 11.5 £ 45 79 + 6.4
Range 1-38 2-2 1-24
Embryos transferred”
Mean 47 + 1.8 53 + 13 35 + 24
Range 1-8 2-17 1-7
Cumulative embryo score (CES)
Mean 568 £ 30.0 761 + 359 385 + 299
Range 9 - 120 16 - 120 5-90
Clinical pregnancies 9 5 2
PR/cycle (%) 12.7 (9/71) 33.3 (5/15) 6.7 (2/30)
PR/patient (%) 16.7 (9/54) 38.5 (5/13) 9.1 (2/22)
Mean + SD
PR: pregnancy rate
a, b, d p <005
c: p < 0.001
CES 120 pes > % —
* ¢ .
100 £ 0 b ‘
o, ¢ 5 . ¥ o= 0.0358x% - 3.5738x + 90.63]
‘ * r=0. 5066 {p<0. 6001)
80
60
40
20
0

Aoz R A$E IFAA 9
Mol A 29 o 2 4 Alesdpr| vt

0 5 10 15 20 25 30 35 40 45
basal FSH level (miU/m})
Fig. 1. Inverse correlation between basal serum FSH level and cumulative embryo score (CES).

Zk7F 127% (9/71), 33.3% (5115), 6.7% (2/30) ©12
oo, Aedad gad dal&S 47 16.7%

X (9/54), 38.5% (5/13), 9.1% (2/22) ©] 21t} (Table 2).
AR Qage  AEFAT Q4H QA 37 ) fe

= 27 A3k pheGel 45 Hol T, o F B4
2 M2 A3 Hdel GAse} a4 o

0l of
a
o, 2
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Pregnancy rate
30%

21-40 41-60

£1-80 81-100 >100

Fig. 2. Clinical pregnancy rate according to grouped cumulative embryo score (CES).

2ol 7b AUAIR (p < 0.05), Al &gt 434
YA &2 33 ol frej gl xpo) s} gl

A dd FAEANM 712 EF FSH 59
FH ol 5= (CES) 2hol] A HAAE LolEr)
et FAEAY (regression analysis)E A A} &t
23 712 4% FSH 5= (0% T2 oA = (y)
= AN y = 0.0358x° — 3.5738x + 99.6310,
¢ #A) 9= (correlation coefficient) r = - 0.50069] <
FEBRAE veEhde] 71 8% FSH $57} &

5% FANolA S (CES)e felahil s}
gxzq (p < 0.0001) (Fig. 1).

Fa oA F (CES) w2 44 94182
248 33 rAWMoA% (CESYE 20 ol el
2773 8] A 1= Yile] PR &3k
3, 41 - 80o A} B2 <o lale] AR en,
100 ©]7Ql A= 2318 443 galso)

223190 (Fig. 2)

o

4
o

al

i

HANA AL AE (IVFBT) LRI
AotA LubAQl B9l ¥Ro A Ao 4
& 9% 80 - 90%0) o= AOI%T%JU A <]
st AgHos wgdd wolE AFU=R
ol H S W YAEL20%-30% FER Bl
H1u glon, g7)e] wjols} xpguiutel] 2agd
F Y FAES 10% - 15%] 22X 1 Y= 2
BogA ARA o drie) wole g

A-atell Al g8l Ao] E ). Cohen F (1989a)2
A ) =g Al g A] vole] g ek AA4EL T
HFRE F7lA 12%, AAH & Fr]el A 16%
£ @A g3t n By, olw 23 {93
19 A&l 25%9) Blad o Fdize
A4 @2 Axjolr). olo] ma} wjote] 2H4E
ZAA7] g B ol AFHoR
, A7ldlE Sl EHE FrloA &
x A %M Eftﬂ:é} (Chang et al., 1990 & 1994; 7
%, 1995 & 1996), Hjjvhk 2212 7)1 (Bongso
et al., 1990 & 1991), 0] A Z22H-& o] &3 vl RE
42 & (microassisted fertilization, MAF) (Cohen et
al., 1992a & 1992b) o] X &H A =HYgm, ol &
of wjote] A Habol Bt WA A A
A7) F840) AZA AFAA B,
N7HE T3 T2 A= glycoprotein S
2 A BHdz By gler (Bki &
Wassarman, 1980a & 1980b; Wassarman, 1988), 3
44 $3E Ao PAEL $AHeE B
dE Edslel URd $YHE AP AH
ofgt gt} % % wiopy FHUI/L AstEE
B ga A3 TPl ¥h3 (zona reaction)d
AAlsHEE olgl g 7ldol ofdte] oA A
(polyspermy)©] HFx] =™ (Austin, 1961), ¥jjo}
AL HEE 9T BE Ffo] o] FofR
(Gwatkin, 1977), F#W o] FA] ujole] &4
ulolsEr} (Bleil & Wassarman, 1986; Bleil et
al., 1988). £t Wil wWole] AFE

m&o Bl 1o oy
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& o5& A& el E5EY 2t
HA gow, AFe A5 AFAQ Reyis
Al Frdde] Y21 & (breach)e] Z7]7} o€
ool $HE #FPaA Bode Hax g
(Nicholas et al., 1989).

AEAY FH o] o] Fojx dAe & £,
% &% (cleavage)] o] FojA A, oF 3U ¥ 8-4)
7)o @@t o] A7) o] F =23t A
o A gFEL FxH o2 Gd A (light
junction)& ate] wjole] BHHE FASFHA &
S84 Bk (Bdwards, 1964). WatM 44 3 %
719) wiol wee] glojA & Tt wiole] 7
3 e fA4 F2T AL L FHP}AT F
ol ol2e AZIZF | g AU A
o2 o} W] QlojA TR e o &Y
o] oA Hrh FHUY = 0hE T2 )
ole] MM E (immune cell)ol] )8t ®EY)Fo
2M AT Aol wret wja2F ) ot} £l
A7t A g wjold A-FW of 2l g A o) glo

Z7)o] BHAAAE FAEL Aol A ol

=4 A4 AT A4 A} Fowotst 2
sl erel] gt A =lE @4 (attachment) Fof
ot §2 AMdEo] AR EA HAU +4 o]
F Bfobe Ao tiu g v P rAM GE
< SHA " ol g o 1579 A3 2]
#Z 713t (preimplantation period)2 trophoectoderm
oz F5E s §3t7] AT wjote] 27 %
71Zeln, ol WA A g 7I3te] Ak W)
ote] A&HQl IS AMA E] (blastocyst)
Al71ell &= inner cell mass (ICM)$} trophoectoderm
e T RS we NEE A
T}, B8 X F212 wlolrt A
Al E3ket volrt AEE FAskEY 3o
AES & 5 Avh A o1y gEhe o}
A o] WAL Al Aol gtpolx glemz H)
ohdf xS Foll BAIGlol 54 & Al7]o] X
2 980tk A5 ok Wi R-el Aot
48 GHS sl 1007 ol AEE 744
7)1 5 SHAIRE 10207 A X TS A s FA
& ot A= FAAA 5o} A4E A B
sl o] @t} (Edwards, 1994).

olsh ol waE Wole 4 F sUAo
ICME o] #5, 720740 BASHAA S o

i
= Fisg:

0

ok

0l

hud

v
O

o =

&

X R oo

2 wjolr} @& 8k 73} (hatching) HAo] Loj
A g A ztell A F3k &4 (hatching enzyme)
o] Aare obz WA ggtn, & AE
AZA A (cytoplasmic fragments), HAFE0]
3 & 2edd dA"Ed. 4 £ 58dAde
i o} 7} estrogens A4 sh=dl o]+ hCGel B4
3} go] AlFEo] FaH g2 Agle 7=
gl olgd % A A<l 2}, cytokine, adhesion
molecules 5-2] ol 2] 4% AA7E Aol o
of mag AGE 2H}E o AEE ZA
A B2 ZAoz FZEv (Bdgar er al, 1993;
Edgar, 1995).

4L 98 AU 6 e W
A Az Mol vMlEHdA A&E = ol
g aaE o) =A pinopodec] & 7|%o]H,
Hiobe Aguiete] Nz 23 AEH] 4
T & 8)o] v} Pinopodet= YA F7] Al 19¢ 9
A A 219 Ape] oF 239 FTE AU A
AERA AAVE R22A estrogenol] 9 &hod
o} 4 BT} (Nikas et al., 1995). 0] 2] &+ 227} W}
9] &9} pinopoded] &2 A& A4 713t
(implantation window)2 A sted $83 4%
& & Ao FEHI YA o} FAsA &
WY& e et
¥z dad vlole F1HU & 9
#8-2 7#A HH (Cole, 1967), H3 74 -
A 7b gkebA] 3L, W2l (embryonic) B 9
(uterine) lysins®] Zt-&-of o|slol H-3tEh (McL-
aren, 1970). AT A EA FHH wWol= A&
H) A 25-30% PRl AT 23} S AAG
I ge A 9lew (Fehilly er al, 1985; Dokras et
al, 1991), Wt AgU 2 o4 d otz A
AME FANG A 2R Bt A FHANE
Al wjote] AbFH T A& wf$- Fol| A €
o A B A EA] ol g Z2 wfope] B2 A4
&of g /b5 AN o2 o} Ao 4
gt dejets A, wiobe] abguiold]
Ae Bad &4 58 BF aesld 8 4 8l
Agt FFHo2E AYFAE Wold 3 4
w7} wjole] Agujer Ad Aol Fag <l
o= A8% 5 Qo

g A5 ol F ol Ao 4 F AT
FE fdgE Ao zA M EstA #AA
o] AFo] BN = X, Y, 134, 169, 189, 21 &
Aol A multi-probed  ©]-83 FISH (fluores-

f

|

H g

[-0 !
ox i o
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cence in situ hybridization) ¥y o & wjojo] 4 o)
Holl vijote] FHA} o} FE AE Bt it
olufl vjjo}2} mitotic error, Z-& meiotic errord] ¥l
T vlwetad o] FA A wjoke] A% 0%
A, Feo] &2 Hjotel AL 40%ANM
A7} o4& JERUTH mEbA 404 W REe) o
el X BaHer dedte dote] 50-55%%1
o] A JMAE U1 UL Ml den
(Cohen et al, 1996), o] & g+ WolEd A 24-&
E98le BRREEL o8 29dA Fdy
o] EAFHER Alg H&Fo] = i
oko] Mefo] uf§- F g 3trt.

dtzow wjolo o] R3} duje A7 g
Qo o3t} &L wA e 31" dalg
T o 73} (zona hardening)e} F-24 3 A <l
&k z7o] 7 Yoo A3 9t} (DeFelice
et al., 1982; Cohen et al., 1989a). Dokras 5 (1991)
2 Fglol Aojg Zujrt FRdel A 147t
2] A& gesdA A 4o hCGE B3}
Aotz Hasden, olgjg A A3 Fol o
g A FBAEA FEdd AP oz AANE
7¥sted  Aole] RIE RoFE RzEile
(assisted hatching, AH)®] 9134 84| U5
%At} Cohen F (1988)2 FAlQlalt B & A}ollA
E] Y8 dJl& (partial zona dissection, PZD)
2 o] &5t dAte) £HE&E wAed Uiy
3 ¥l Ete] PZDS} #-& ulA2zE AlFge
Hjoboll A Zuje] WA7)o] FHhe) thinning ®
‘dol glol Auid oz x7|o) K3} @do] dof

< #FstE . 2714 F-3h7 HE Hjotst 2
ZHE B AEHEA HAHG djo) wE e
FET 5 YA =of wiote}d R 2he] =3}
(synchronization)Z Z7]| %8 o]E0E Hix g
.5 (Liu et al.,, 1993), o= ##7]o] odd 52
Eeol 4oz g3t

A 22hg AA A @& 14 A Me5eF
AlgAldz ElUi7t g wlololA] FAE B
BAE Ad wjote] Hlete] dAH o2 F4&
] Eohe Ze] g del uwhel (Wright er al,
1990) AL+ A A wole] AW &
Z Zo|7] T BxFiIzo] it =YHY
Al Zretgd 2w (Cohen et al, 1990; Tucker et al,
1991a & 1991b), o] F B 22 3le Bolor 2o
wrdel glof sheh

B 253348 19891 Cohen Fo] H 22 m¢H

e]

g7
24
<]

hog RRAow 2udl& Ay (PZD)sH
o wjole] BEE ToFHE FHOR AEH
don, ojnf AEL AAAE Aot Al
% (cytotoxin)2] ¥¥]|E 9] #3to] A<}
corticosteroid & EA| o] o 3}tk (Cohen et al,
1989b). BzHEsleo yer= AA7A 3714
Wo]l g oR ol &5 a vk AWA WY
e gileg dder EygE REHoR A
MEle] F&= PZD ¥bE olt} (Cohen et al., 1989b).
o] W& A7)& whe} o] AR EghA
o glo] dRte] AL F/MAA FE WHe
Z nEYc B8 48E B3k Ry 4
7 BRol 2 A$ 23 Ao ggd 3o
B2AAG o] Aoz A FH9 =27
DE FARE Az ok FAA PPE acid
Tyrode's solution2 o} &3l Bl AF 77
& %o} 2= WY (zona drilling)e] t} (Gordon &
Talansky, 1986). o] ¥ 9A] 7]l AR
Edsato) glo] vate) $£3E 3L 95k
ARE et 2 date] £8E 9 WY

v 7] nleg @y A S o &g
Z Q8o vjo} 2o A Aol eI F&
gk Wb o] o}y gl 2y} (Gordon et al., 1988; Malt-
er & Cohen, 1989) =% F o] g H ujolo]
Ao E o &7 EAZ st M Y
o] &) g Ay o| EolABE 8- X

&
Ao

lo |o

z

o
.

o)ate] Wl Yol E FEE WEoR el

2 9lch. Al ¥PH-2 acid Tyrode's solutiong
olgste EFEHE At Fv WY (zona
thinning)e] o} (Khalifa et al, 1992; Gordon &
Dapunt, 1993). A 43L& B3t F&40 2
nHg e, Azkd gloixe FE DAY W
o7 BEYUE 9435 BoFA ¥ e
gk 8 © = ] (cruciate thinning) 214 2 <l 4t &
Ao g mFo] WA =He FHE Az ot
o] Wb e g7 FxAH g T Afe] o]
ol &AM E7] o) Fd F&I WEolTti
Ata gk 2 laserr) 98 #ofoll $8H7] Al
Z+slH 4] Welch & (1991)0] laserg o] &3l N A
BE FAES AR o]F & dF7 13y
o] laserg ©] &3 HERsEIA 3 2 ¢
A& Z7o] Bnd wh Ut (Strohmer &
Feichtinger, 1992a & 1992b; Obruca et al., 1994).
W BzRstEA dololx el FEol
A48 02 o 2olAe Avld FRel WA E
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7heh o) Wol Wetol ot eFE 8|2 S5 9

£ ol Eo] AAHE ut gl ool Fle
g e wgEo HAMEY HYow HH
HjolE B odle AFE AUm ey A7 A
oA ol gt Frdle] )7} wfoteld] & w)
ofe] wete] <fHdgFL ke Hust g
{(Nicholas & Gardner, 1989). =3+ Fuj7} =3 235
W BB ERdivl gholae dAbe] #AHX
@ten] (Malter & Cohen, 1989), whe}r] Ea )
7t AAH o Z A% FAE FEHE fFRH &
sle] A Adule] 8o Eold £ U:
(Garrisi et al., 1990), violo] 2l A] & E .2 wjo}
AA 7} oleist FHEe A Alol= whavbe}t
(Nicholas & Gardner, 1989; Cohen et al, 1990)
blighted ovum®] A< 4T 4 9gcda B
¥ dh vk Malter & Cohen, 1989). & ‘Q%}
3 gEole] A MR AR 2SS, B
Fohe S5 2o) FYUE WAzAE A

| YebdoheE Rax gtk (Nijs er al, 1993,
Alikani et al., 1994). Acid Tyrode's solution-g& ©]
48 AFo= vjolrt A £
A ot S g % 9)t} (Gordon er al., 1988;
Malter & Cohen, 1989). ¥HH of Dokras < (1994)

= PZD9} fALS ez BE =< AA
0}04 ujole] &Afoli} arnjo ‘i’v}%°ﬂ FA g
g gko] Itk Bmsks] o m, Khalifa 5 (1992)
& AHe el s O] Lgbed Bwuo] cruciate
thinning & Al 238te] & A5 At B
Bl ch ol 9p o E‘I‘fﬂ"ﬂ vl 22Hg 7hehe
Haziseo theket Alg v ol @i &
7} EdkshAl A5 o] st

Ao Al el g Batoa] gme] A
NG4EE AV e A, 849 Ao gL
T, ATV A 3do £33 7|%x % FSH
Tt e BS SN AE T AN 9
Fo) Bukg Aow 01] =8 4 9lv) ol e
ANA bt V1HE ue g o A5 wghE b
a2l A A dEd ‘47‘}4 oo A glod
A ool AT F glv] YELD Ao AAH
3 81t} (Drobris et al, 1988). o] 2| g+ A} 7ol A
tyAES A 20 o 0LE WAE
Aoz Eadel F3e o g 5 9l
il (Dokras et al., 1991), AAG A ¢l 23} sg o) o
8 WA It sl dApol A | BET 4 Q)
ong olgg B¢ Rariss By A

E2goR

,—% ‘109 1o od
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S e B9 A g AAT ¢ YL Bt
otgl Azl K3l #AYe Lo AUAE
FEANH F 4 UvbeE A (Schooleraft et al,
1994) Fo] WjolE WAooz HERaes AlY
st wiole] A4 Al AR el 2 F
AoteE ol 248 AV E F Yok

Cohen 5 (1990)& A A5 A eA] B2z}
& PZD N&2 vad Ay 9x AFH F
3U 5 wjolell A PZDE A& Tl A 2dE ol
DR A =] 13%0) B} sta] AUH R =
A Ve en, PZDEA A€ ¢l 50%9
A 2gejol @ Arelol o]tz RustRth 18
v 5 -?—4 AT HuoM e PZDTlA 7% &
F&E Jehgo] gizdo] ¥ste 2 43S
li?{i,_f»t} zona drilling A| &% o] &3 A Ha
N = AlEFolA 28%, RETAAM 22%4 2
AEe BaEre ek 3 o5 Ha

3}'%:3. ]Ag]_x} oLgk.Q.uR 1”7}1-7“ r:ng 7‘1
vn g Bgo] =& o} (poor prognosis em-
bryo)el] A &= wjjote] Aol ALl KA &gk

o} ke FRUlE AUY 7 F3o] mEA
9 o1} Hj o} (goed prognosis embryo)ll & ¥
2 2 g Jehlis @4 &g delA
poor prognosis embryo©]| 4] zona drilling A1 & & Al
3 FlAe 31%2] HLE, vAETAIME
14%9] 234&-& vehfio] Bx8st&0] f84
& 298 WA good prognosis embryoc] A =
u) A el @) sted x7] F3} Aidol dojvt vl
o} ol ol A &o] A YEHYUYERZE B
Hjolzl mlMxatE o] &3 HaEsteel A
dl’de] He 2L ohen Bug bk gl
& Cohen 5 (1993)0)] 2|3ted FEdile] TAE
£22 17 pm ©]3< 7:3.?‘0;]‘— = 34EE
]FH 7] olglsug Bxiied AP,
0) ok A fd e *1? A o wE o}
3 ot g-g A Y & glonz Al
o] %‘U} Bax AAE vt 3l
oz g3} dite] dejd wjole
AR=N=S O]oﬂ g FA FHeE A
FAE dHEE v zFom A
255t S Ald g wjolel A H Al
vlale] 22 R38 (72% vs 34%)S e
A% modelo] AA S AT} (Alikani er al.,
1993) ol & wjote] A Eio] g HxF 5}
& Ate ABAME A 8 F22 Cohen
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T (1996) A XA B AAZ 4% 4
& Aol Ao, AHo] wjohfiol A 20% o]
& AA G B Sol O A Bt Adn B
3t ot
E ATdA A&HQ AdFHAE A g
2o} o} e 2 Hglo} 2t Aty
A B4 BEoA wEETEE A4 JAalge)
‘el #EHAY. 53] 712 €% FSH 59
- Hjote] AL whgdlE FAwjolx| 4= (CES) 7H)
= 7Y FGARBAN EAEY Jx %
FSH 5271 $&4 5 FA oA 571 Egton,
A ufobA] =7} 20 v FHQl Aol 44 o
A A7t 1= glth Il A 12 ¥ ste] 7]
% 9% FSH %7} f98tA4 vgta, & uo}
A oA 2god, 443 dANEE #
o3tA ot o9 2L A7 A 27K ¢
}“” = Zﬂ/‘l?% ﬁ“— %lhﬂl HxR3le A2
&o] folatA AEs=H
A, F& e BH °}°L 5 o} AA 7L A
ol & E£gtE o] 2}
| ¥ wlofe] &4
F 7] Wi dH oz dilge A
et 2 7Hedol givh @ I 229 (30F
718 7 Fell= Eolgt A4 H5-Fo] glo] #x}
o] Fo)dle RxE &S AYPsHEd 71&
A7 BRud HAgH BzPslso 2gZo] gl
U™ A5, 5 12 vste e J"‘ﬁ Aol
RSN B7etn AAF Jalgol ¥ A
o2 nFo] Hol HAH
ALAFHAEA HEE3
o2 AgEg
2 A7 2de AYFFAE ZzadodqA
Hlote] BxR3ts (AH) AlBA] gEl&d g
Bz A, HAE Alg ey 2 Ale A7]9
4% 5o B At A e A AL A
Ag 3l Aoz AlgEHT, t & Ho}
2 B ol AT AT glojA & 9
A ARE ATE + e Aoz JddEn. &
8 AAFBAEA 71EY AYHQ) BE2R 3
9] LS UAEL EE BA9 AAFAHAE
A& F7 N A H o)A F A TEE 2ol )
ote] zhgolal Folx QAo Asfstgd Avt
FR o)de 4l 5oz 2 = A9 Ay
7t AR = LB A5 A EA] ot

$4% D QNS FIANL 5 e Aoz A

=d
2 o
=2 17

gt_‘,
[

oy
ity
ttlo
>
)
_?l‘,
8
o
e
P

==

0_|li

29T AEA0E Woly RaRiEe B9
o) AFHAEA o8 2A B+ Qe
8E 2N F Uk @@ﬁ A7NE A
@ & 9e Aow Arath

2 B

1995\ 19 3¥ 199613 29 7HA] &g
9 AR 2 A oA AYFPAlE A
Al WA z2E ol & BxFEtE (AN)E Ale
uke Bt 897 (116571)& AT A2 3t
HAL AAFHAE Al@ F7]A 33 o]
LAl Ao Asjg 1T 549 (7177]), HAY
A A A EA] HFAQ wof FEE B oy
AA Ao A T 137 (15—%7]) |2 B
oz 593 HgFo| flo] REFIeS Al
e My 229 B0F7)e= cﬂgo}oq Hzx
B Ale AR5 JE vla 24 23 g5
2 ARE A

ol ol

e ueln 2230l 67, e
9%, Agl ol 89, Fuhy f2
H wujgel o weo) 29 oo,

ar

A 351 + 3xﬂ II—?O{]H 33. ,
A 344 + 294 2A 3F 7J°ﬂ o) gt Aol 7t A
At

3. 9AF71 A 3¢l F43 7= €3 FSH
FEE 37 A 242 150 + 7.4 mlU/ml, 10.7 +
3.4 mlU/ml, 16.0 + 103 mlUmlEA 93 =}
°]7} A ok

4 JMBHE F AHE Do) FE 370
717+ 9.9 + 7170, 11.5 + 4.578, 7.9 &+ 6470 24
Frel g xpol 7k A o

5. Az io) 2l AAIg wjote] = 3TN
247} 4.7 + 1.87), 5.3 = 1370, 3.5 + 24702 A
#2o g zto] 7k AU

6. A-gulo] 2 E wjolE o] A ufolA] (CES)
374 27t 56.8 + 30.0, 76.1 + 35.9, 385
T 29924 #2o ael st U

7. gole]al T QAR Ao T AYH A5
L IFo)A] 9%, IIiEeA] 57, Mol A 2o
A NeFNT 948 QAEe 4D 12.7% (9
71), 33.3% (5/15), 6.7% (2/30), Al & B2 F 447
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A& 7h7; 16.7% (9/54), 38.5% (5/13), 9.1%
@22) o\ AEFAY IR YA &L 37
Zholl frel gt zbo7b ARA W, Aledapd A4
H A2 &L o8 2ol 7 gl
8. DA o FAtel A V]2 F FSH 559}
2w o}A] 4 (CES) 7ho] S AENS AN T 2

W GARAAAE veRlo V12 %r FSH ¥k
f EETE “‘Ziﬁﬂ oFAl 4 (CES)e #eatA 3
SNy

9. ‘Aot 4 (CES)| wWg U3 dalg
& A g A Ao} (CES)7} 20 ] 314l
278 M e Qdalel ARER] ¥k, 40 - 804
X EE oo gale] AP e, 100 oA+
BFolE 943 dalgel Zasko

oA A mAzxz, & 290 28 AN
& (PZD)E | £-3 §el4 <l wjole] B2 ale

3} Fom, A ANGFEHA &
F7 oA wjoleld] & wbEated ale] Al s}
9&714 T o] e 99l Feg et A9
FAAEAl 2] H QA wjolo]d] o g e A
2 gl At daEE BYshaoa] Bz
el Meeg g gojMel d4E f-8
g BAT 4 AU
o] &

ol g &2 9
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