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Summary 
I he slucly c o m p a r e d (i) the o u t c o m e between 

c r y o p r e s e r v e d ICSI f e r t i l i z e d e m b r y o and 
cryopreserved ICSI fer t i l ized pronuclear s tage 
zygotes and (ii) the outcome between cryopreserved 
le t t i l i zed ma tu re o o c y t e s with c ryop re se rved 
immature oocytes, ferti l ized by ICSI following 
thawing. Compara t i ve re t rospec t ive review of 
relevant studies satisfying study criteria. Studies were 
identified through MEDLINE literature search. Study 
o u t c o m e s w e r e e r y o s u r v i v a l , f e r t i l i z a t i o n , 
imp lan t a t i on , p r e g n a n c y , and de l ive ry ra tes . 
Pionucleate zygotes had better eryosurvival rates than 
the cleaving embryo (90.7% versus 59.9%) and 
almost double the clinical pregnancy rates lor cleaving 
embiyo (12.8% versus 7.0%). There was an almost 
three-fold higher delivery rate for the pionucleate 
zygote compared with cleaving embryo (11.6% versus 
4.3%). Immature oocytes had lower eryosurvival 
rales than mature oocytes (34.5% versus 52.3%). 
M a t u r e and i m m a t u r e o o c y t e s showed good 
fertilization rates (59.3% versus 50%) and satisfactory 
embryonic development (90.3% versus 100.0%). 
Immature oocytes had higher delivery rate per 
embryo transferred than the mature oocyte (40.0% 
versus 2.7%). Pionucleate zygote cryopreservation 
has an advantage over the cleaving embryo. The low 
survival rate following thawing is still an obstacle to 
the integration of oocyte cryopreservation into ART. 

Keywords: Oocyte cryopreservation, embryo 
cryopreservation. zygote cryopreservation. intra-
cytoplasmic sperm injection 

R e s u m e 
I'our comparer les resultats enlro cryopreservation 
l( SI ilesembryons lertilises el cryopreservation ICSI 
ties zygotes en stage pro nucleaire fertilises avee (ii) 
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les r e su l t a t s en t r e c r y o p r e s e r v e des oocy tes 
matures fer t i l i ses et c ryoprese rve des oocytes 
immatuies, fertilises par ICSI de degivrement. La 
r e v u e r e t r o s p e c t i v e c o m p a r a t i v e des e tudes 
appropriees satisfaisant les criteres d 'e tude. Les 
eludes etaient identif iees a travers les recherches 
de litterature MEDLINE. Les resultats de Petude 
e t a i e n t d o c u m e n t e s la c r y o s u r v i e , de la 
fert i l isat ion, implanta t ion, grossesse et le taux 
cl accouchement . Les zygotes pronuclues avait un 
meilleur taux de cryosurvie que les embryon se 
divisant (90.7% contre) et presque le double du 
taux de g ro s se s se c l in ique pour les d iv is ions 
embryonnai res (12.8% contre 7 .0%). ii y 'avai t 
presque un taux d ' accouchement de trois fois plus 
eleves pour les zygotes pronuclues compares avec 
les embryons d iv i ses (11 .6%con t re4 .3%) . Les 
oocytes immatures avaient un taux eryosurvival 
plus bas que les oocytes matures (34.5% contre 
5 2 . 3 % ) . Les o o c y t e s m a t u r e s et i m m a t u r e s 
montraient un bon taux de fertilisation. Le faible 
taux de survie apres degivrement reste un obstacle 
a I integiat ion de I ovocy te cryopreserve dans 
PART. 

Introduction 
Introduction of cryopreservation into clinical practice 
mai ked a turning point in the development of assisted 
reproductive technology (ART). Sperm, oocyte, and 
embryo cryopreservation have opened new vistas in 
the range of solutions to various infertility problems. 
Embryo cryopreservation has been integrated into 
ART. With refinement of the technical prwedure. 
the clinical outcome is comparable with figures for 
fiesh embryo transfer 111 An analysis of the birth 
c h a i a c t e i i s t i c s of bab ies born a f t e r e m b r y o 
cryopreservat ion by Wada et al | 2 | revealed a 
significantly lower incidence of malformations 
compared with babies born following conventional in 
vitro fertilization (IVF) technology, thus lending 
support to the safety of embryo cryopreservation. 
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However , ethical and moral considerat ions 
have a lways been strong impediments to research 
a n d s e r v i c e s w i t h r e s p e c t to h u m a n e m b r y o 
cryopreservalion | 3 | . In Germany and Switzer land, 
protective legislation restricts the number of embryos 
to be developed in vitro to a max imum of three which 
are to be transferred dur ing the same cycle [4,5). In 
these c o u n t r i e s , f r e e z i n g of c l e a v e d e m b r y o is 
forbidden; however it is permit ted to freeze at the 
p r o n u c l e a r s t a g e . T h u s c r y o p r e s e r v a t i o n of 
pronuclear zygotes evolved out of these legal and 
ethical concerns. Cryopreservation at the pronucleate 
zygo te s tage has been s h o w n to h a v e a s imi la r 
chance of es tabl ishing pregnancy to those that were 
replaced fresh during the retrieval cycle [6]. Freezing 
at the pronucleate stage has also been reported to be 
more effective at establishing pregnancy than cleaving 
embryos [7,8,9]. Fur ther work has shown similar 
ou tcome of pregnancy for cryopreservation at the 
pronuclear stage after intracytoplasmic sperm injection 
(ICSI) in comparison with conventional IVF |4 | . 

Whereas embryo cryopreservation has been 
incorporated into routine clinical practice, some technical 
a s p e c t s r e m a i n u n c l e a r wi th r e spec t to o o c y t e 
cryopreservation. The human oocyte hits been observed 
to tolerate cryopreservation poorly, being susceptible to 
various forms of cryo-injury including damage to the 
meiotic spindle 110,1 i, 12], breaching and hardening of 
the zona pellucida [ 13,14] and spontaneous discharge 
of the conical granules leading to a premature cortical 
reaction 115,16]. These defects may account for the 
inc reased i nc idence of pa r thenogenes i s , reduced 
fertilization rale and the increased incidence of arrest 
of cleavage ]12 | and aneuploidy |17 | . Generally the 
outcome of unfertilized oocyte cryopreservation has 
been poor, casting doubt on its overall safety; and no 
reliable protocol has been established 118] thus accounting 
for the reluctance to integrate this procedure into routine 
IVF programmes. 

However, other investigators have questioned 
this pess imism on the g rounds of their observation 
that the human oocyte could survive cryopreservation 
w i t h o u t c o m p r o m i s i n g cel l i n t eg r i t y | 1 5 | . T h e 
c r y o p r o t e c t a n t s g e n e r a l l y u s e d in o o c y t e 
cryopreservat ion are I, 2 -propanedio l (PrOH) and 
s u c r o s e u s i n g s l o w f ree / . e - rap id t h a w pro toco l . 
L i m i t e d s u c c e s s has b e e n r e c o r d e d wi th o t h e r 
c ryopro tec tan t s such as e thy l ene glycol | 1 8 | a n d 
dimelhylsulphoxide ( D M S O ) [20,211. 

Introduction of ICS I [22] has brightened the 
potential of oocyte cryopreservat ion. Studies have 
es tab l i shed that the o u t c o m e of c ryopreserva t ion 
following ICSI is comparable with conventional IVF 

[23,24]. ICSI has been reported to y ield better outcome 
for f r o z e n - t h a w e d o o c y t e s than the convent iona l 
insemination of cryopreserved oocytes in IVF [25,26]. 
Both s tud ies s h o w e d that f r o z e n - t h a w e d oocy tes 
fertilized by ICSI could undergo normal pre-implantation 
development. Pregnancy rates acceptable for an oocyte 
cryopreservation programme have also been reported 
with the use of ICSI [27]. 

Given the mul t ip le advan t ages inherent in 
oocyte c ryopreserva t ion such as c i rcumvent ion of 
ethical, legal, moral and religious problems, diminished 
severity of ovarian hypers t imula t ion , conservat ion of 
fertility for medical and social reasons a m o n g others, 
the deve lopment and in t roduct ion of this technology 
into clinical practice will improve the e f f i cacy of the 
ART p rog ramme . 

T h i s s tudy w a s d e s i g n e d to eva lua t e the 
c u r r e n t s t a t u s of e m b r y o , z y g o t e a n d o o c y t e 
cryopreservat ion in ART. Its first ob jec t ive was to 
c o m p a r e t h e c l i n i c a l o u t c o m e o f t h a w e d 
c ryop re se rved c l e a v i n g e m b r y o s that h a v e been 
fer t i l ized by ICSI wi th t h a w e d p r o n u c l e a r s tage 
zygotes that have been fer t i l ized by ICSI. It also 
a i m e d to c o m p a r e t h e c l i n i c a l o u t c o m e of 
c r y o p r e s e r v e d m a t u r e ( m e t a p h a s e II) o o c y t e s 
fertilized by ICSI fo l lowing thawing with thawed 
immature (prophase I) oocytes subsequent ly injected 
with spermatozoa in an ICSI p r o g r a m m e . 

Materials and m e t h o d s 
This re t rospec t ive c o m p a r a t i v e s tudy c o n d u c t e d 
between Sep tember and N o v e m b e r 2001 involved 
an analysis of all s tudies ut i l iz ing c ryop re se rved 
embryos, c ryopreserved zygotes , and c ryopreserved 
mature and immature oocytes subsequent ly fertilized 
by ICSI. S tud i e s w e r e i nc luded if they met the 
fol lowing criteria: c ryopreserved thawed e m b r y o s 
fertilized by ICSI, c ryopreserved thawed pronuclear 
zygotes fert i l ized by ICSI, c ryoprese rved ma tu re 
oocytes thawed and fertilized by ICSI, cryopreserved 
immature oocytes thawed and fertilized by ICSI, use 
of ICSI as the only method of inseminat ion, and 
comple te report of o u t c o m e for all e m b r y o s and 
oocytes . S tud ies that ut i l ized mixed methods of 
insemination and/or mixed analysis of techniques 
were excluded f rom this review. 

Selection of studies 
Studies were identified through computer literature 
search of Med l ine a u g m e n t e d with hand search. 
Relevant studies were identified using the search terms: 
h u m a n o o c y t e c r y o p r e s e r v a t i o n , e m b r y o 
cryopreservation, zygote cryopreservation and ICSI. 
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T a b l e 1: S e l e c t e d s t u d i e s a n d t h e i r c h a r a c t e r i s t i c s 

S t u d y S t u d y t y p e Ce l l t ype C r y o p r o t e c t a n t F r e c z e - t h a w protocol 

D a m a r i o ct a!1* C l i n i c a l trial Z y g o t e P i O H S l o w f reeze-rapid thaw 
Van d e n A b b c c l ct a/-' C l i n i c a l tr ial M u l t i c e l l u l a r e m b r y o D M S O S l o w f reeze- rap id thaw 
Van Stcirteghem ct alMt C l i n i c a l tr ial Mu l t i c e l l u l a r e m b r y o D M S O S l o w f reeze- rap id thaw 
E d i r i s i n g h e ct alu C a s e r e p o r t Z y g o t e P iOH S l o w f reeze- rap id thaw 
Tucker ct al*2 C a s e r e p o r t 1 m m a t u r c o o c y t e P iOH S l o w f reeze- rap id thaw 
P o r c u ct a/u C a s e r e p o r t M a t u r e o o c y t e P i O H S l o w f reeze- rap id thaw 
K u l c s h o v a ct all" C a s e r e p o r t M a t u r e o o c y t e E t h y l e n e g l y c o l Vitrification 
P o l a k d e F r i e d ct alyt C a s e r e p o r t M a t u r e o o c y t e P iOH S l o w f reeze- rap id t haw 
N a w r o l h a n d K i s s i n g " C a s e r e p o r t M a t u r e o o c y t e PIOH S l o w f reeze- rap id t haw 
Tucker ct alM* C l i n i c a l trial M a t u r e o o c y t e PIOH S l o w f r eeze - r ap id thaw 
T u c k e r ct alu' C l i n i c a l tr ial I m m a t u r e o o c y t e PIOH S l o w f r e e z e - r a p i d t h a w 
Youngs/ alxl C a s e r e p o r t M a t u r e o o c y t e PIOH S l o w f r e e z e - r a p i d t h a w 
'Tucker ct alx* Cl in i ca l trial M a t u r e o o c y t e PIOH S l o w f r e e z e - r a p i d t h a w 
P o r c u ct alw C a s e r e p o r t M a t u r e o o c y t e PIOH S l o w f reeze - rap id t haw 

The references of extracted articles were also searched. 
Relevant s tudies acceptable for the study included 
randomised clinical trials, clinical trials and case reports. 

Out conic meet su res 
T h e p r i m a r y o u t c o m e m e a s u r e s w e r e : o o c y t e / 
embryo /zygo te c ryosurviva l rate, fertil ization rate, 
implantation rate, chemical pregnancy rate, preclinical 
abortion rate, clinical pregnancy rate, clinical abortion 
rale, del ivery rate and live birth rate. 

Data were recorded on a dala sheet which 
s o u g h t to i d e n t i f y t h e c e l l t y p e , m e t h o d of 
inseminat ion, number of embryos /ooeytes thawed, 
number of oocy te s / embryos matur ing , number of 
o o c y t e s / e m b r y o s f e r t i l i z e d a n d t h e n u m b e r 
t ransferred, number of implantat ions, pregnancies 
and the ou tcome. 

Definition of terms 
The fol lowing terms were employed in this study: 
immature oocyte - unfertilized human oocyte at the 
prophase slage of the first meiotic division (prophase 
I): mature oocyte - unfertilized human oocyte at the 
m e t a p h a s e s l age of the s econd meio t ic divis ion 
(metaphase II); cleaving embryo - fertilized human 
embryo which is in the early phase of development (2-
8 cells): pronuclear zygote - fertilized unicellular human 
embryo with two pronuclei; implantation rate - the 
number of intra-ulerine gestation sacs with detectable 
cardiac activity at sonography as a percentage of the 
total number of embryos/zygotes transferred; chemical 
pregnancy rate - the number of transfers in which serial 
se rum hCG tes t ing inc reases at least twice as a 
percentage of total transfers; cryosurvival rate - the 
number of embryos/ooeytes that are morphologically 

intact p o s t - t h a w as a p e r c e n t a g e of the total 
cryopreserved: pre-clinical abortion - when chemical 
pregnancy has been confirmed but there is no obvious 
clinical pregnancy at sonography. 

R e s u l t s 
Only two trials on cryopi eserved cleaving embryo [29,30] 
satisfied the inclusion criteria; while two publications on 
cryopreserved pronucleate zygote 128,31 ] met the 
inclusion criteria for the present study. Nine publications 
on cryopreservation of mature and immature oocytes 
119,32,33,34,35,36,37,38,39] satisfied the inclusion criteria 
and were included. The selected studies and case reports 
are listed in Table 1. 

Cleaving embryos and Pronucleate zygotes 
The two studies on c leaving e m b r y o employed the 
slow freeze-rapid thaw protocol utilizing D M S O as 
e ryop ro t ec t an t . T h e ca se repor t on p r o n u c l e a t e 
zygote employed the rapid f reeze protocol while the 
pronucleate zygote trial e m p l o y e d a s low f reeze 
protocol. The eryoprotectant used in both reports was 
1, 2-propanediol . A total of 8872 cleaving embryos 
were thawed while 365 pronucleate zygotes were 
thawed yielding 5313 and 331 morphologically intact 
embryos and pronucleate zygotes respectively (Table 
2). One thousand four hundred and eighty two embryo 
transfers produced 257 clinical pregnancies which 
resulted in 63 clinical abort ions and 159 deliveries. 

Nine ty fou r p r o n u c l e a t e zygo te t r ans fe r 
procedures yielded 42 clinical pregnancies, and four 
clinical abort ions. T h e cryosurvival , abortion (pre-
clinical and clinical), pregnancy and delivery rates 
a r e s h o w n in T a b l e 3. P r o n u c l e a t e z y g o t e s 
demonst ra ted a higher capabil i ty of surviving the 
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T a b l e 2: Cryosurv iva l . p regnancy, and p regnancy 
outcome in cleaving embryos and pronucleaie zygotes 

Cleaving Pionucleate 
embryo (n) zygote(n) 

No. of embryo thawed 8872 365 

No. of embryos morphologically 
intact 5313 331 

No. of thaw transfers 1482 94 

No. of embryos transferred 3690 329 
No. of positive Hcg measurements 280 -

No. of pre-elinical abortions 51 3 
No. of clinical pregnancies 257 42 
Outcome ol clinical pregnancies : 

Abor t ions 63 4 
Extra-uterine pregnancies - -

Termination of pregnancy 1 -

No. of deliveries 159 38 
Singletons 126 21 
Multiple 33 17 

Total no. of children born 196 66 

freezing procedure than cleaving embryos (90.7% 
versus 59.9%). Pronucleaie zygotes also showed 
almost double the clinical pregnancy rate per zygote 
transferred in comparison with cleaving embryos 
(12.8% versus 7.0%); and had a reduced tendency 
to abort (9.5% versus 24.5). 

Mature oocytes and immature oocytes 
All reports except one employed the slow freeze-rapid 
protocol and 1,2-propanediol as cryoprotectanl. Only 
one case report utilized the rapid freeze-rapid thaw 
protocol with ethylene glycol as cryoprotectanl. Table 4 
shows the distribution of the eryosurvival. pregnancy, 
implantation and the pregnancy outcome between the 
mature and immature oocytes. Two thousand and 
seventy one and 29 mature and immature oocytes were 
thawed with 1084 mature oocytes and 10 immature 
oocytes respectively surviving the cryopreservation 
procedure. Five hundred and eighty nine embryos 
derived from mature oocytes produced 26 implantations, 
19clinical pregnancies, and 16 deliveries with a total ot 
19 children. 

All s u r v i v i n g i m m a t u r e o o c y t e s w e r e 
normally fertilized and showed good embryonic 
d e v e l o p m e n t . T h e y p r o d u c e d t w o c l i n i c a l 
pregnancies and two deliveries. The cryosurvival 
rale, implantation, pregnancy and delivery rates lor 
mature and immature oocytes are compared in 
Table 5. Immature oocytes had a reduced ability 
to s u r v i v e the c r y o p r e s e r v a t i o n p r o c e d u r e 
compared with mature oocytes (34 .5% versus 
52.3%). They also showed a slightly lower normal 
fertilization rate compared with mature oocytes 
(50.0% versus 59.2%). However, it appears that 
once mature and immature oocytes overcome the 

Table3: Cryosurvival rate, pregnancy and delivery rates in cleaving embryos and pronucleaie zygotes 

Cleaving Embryo Pronucleaie Zygote 
n (%) n (%) 

Cryosurvi\:i l rale 5313/8872 (59.9) 331/365 (90.7) 
Pre-clinical abortion rate 51/280 (18.2) - -

Clinical abortion rale 63/257 (24.5) 4/42 (9.5) 
Clinical pregnancy rate per transfer 257/1482 (17.3) 42/94 (44.7) 
Clinical pregnancy rate per embryo 
transferred 257/3690 (7.0) 42/329 (12.8) 
Delivery rate per transfer 159/1482 (10.7) 38AJ4 (40.4) 
Delivery rale per embryo transferred 159/3690 (4.3) 38/329 (11.6) 
Live birth per transfer 196/1482 (13.2) 66/94 (70.2) 
Live birth per embryo transferred 196/3690 (5.3) 66/329 (20.1) 

For every transfer procedure, ihere was a 
higher clinical pregnancy rate for the pionucleate 
zygote (44.7% versus 17.3%). For each embryo 
transferred, the pronucleaie zygote had almost a 
three-fold chance of ending in a delivery compared 
with the cleaving embryo (11.6% versus 4 .3%): and 
almost a four-lbld chancc of delivery for each transfer 
procedure (40.4%- versus 10.7%). 

obstacles of the freezing and fertilization processes, 
they demonstrate good and comparable embryonic 
development (90.3% and 100.0% respectively). 

Beyond fertilization, immature oocytes 
produced better outcome for all outcome measures: 
almost 10-fold higher clinical implantation rate per 
embryo transferred (40.0% versus 4.4%); higher 



Table 4 : Cryosui vival, pregnancy, implantat ion and preg-
nancy o u t c o m e in m a t u r e ( m e t a p h a s e II) and i m m a t u r e 
(p rophase I) o o c y t e s 

M a t u r e I m m a t u r e 
o o c y t e s o o c y t e s 
(n) (n) 

No. of oocy lc s t h a w e d 2071 29 
No. of o o c y l c s m o r p h o l o g i c a l l y 
Intact 1084 10 
No. of o o c y l c s i n s e m i n a t e d 1084 9 
No. of o o c y t e s no rma l ly fer t i l ized 642 5 
No. s h o w i n g c l e a v a g e 580 5 
No. of t h a w - t r a n s f e r s 16 3 
No. of e m b r y o s t r ans fe r r ed 589 5 
No. of c l in ical p r e g n a n c i e s 19 2 
Type of p r e g n a n c y : 

S ing l e ton 15 2 
T w i n s 3 
'Triplets 1 

P r e g n a n c y o u t c o m e : 
I'irst t r i m e s t e r a b o r t i o n s 5 . 

I e r m i n a t i o n of p r e g n a n c y I _ 
N u m b e r of de l ive r i e s 16 2 

S i n g l e t o n 13 2 
'Twins 

Total no. of c h i l d r e n born 19 2 
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cleaved embryo. Mandelbaum citil |40 | attributed this 
to the tendency for clinics to use either zygote or cleaved 
embryo thus making comparisons difficult. Thus there 
remains an on-going debate regarding the better stage 
dI embryonic development at which freezing achieves 
maximal cryosurvival and pregnancy rates. 

Extiapolating data for retrospective analysis of 
the outcome of cryopreservation suffers from the 
multiple disadvantages of different stimulation and 
1 feezing protocols, cryoprotectants and embryo culture 
condition, expression and interpretation of results. 

Nonetheless, the present study demonstrates 
that ciyopieservation of pronuclear slage zygote has a 
better clinical outcome in comparison with cleaving 
embryo. Many reports confirm a consistently high 
cryosurvival ability of the pronucleate zygote: 76.6% 
|41,74.4% |9|, 93.2% [41), 75.9% [42|, 78%"[43J, 87.7% 
|44|. Owens el al |23 | however reported a lower rate 
(39.8%). A wider variation of cryosurvival rates is 
reported for cleaving embryo: 77.4% |9 | . 60.2% (29) 
and 53% [301. Hu ct al (24) reported 88% post-thaw 
survival rate for ICSI fertilized embryos. However, the 
study involved both pronuclear zygotes and cleaving 
embryos. In an appraisal of cumulative experience during 
a 10-year period in which 14,222 stored embryos were 
thawed, Mandelbaum ct al (40), recorded a 73% 

Table 5: C r y o s u r v i v a l rate, implan ta t ion , p r egnancy and de l ivery rates in ma tu re and i m m a t u r e o o c y t e s 

Mature oocy te 
n (%) 

Immatu re oocyte 
n (%) 

C r y o s u r v i v a l rate 
Norma l ferti l ization rate 
C l e a v a g e ra te 
Cl in ica l abor t ion rate 
Cl in ica l implan ta t ion rale pe r e m b r y o 
t r a n s f e r r e d 
Cl in ica l p r e g n a n c y rate pe r e m b r y o 
t r a n s f e r r e d 
De l ive ry rate per e m b r y o 
t r a n s f e r r e d 
Live bir th per e m b r y o t r ans fe r r ed 

1084/2071 
642/1084 
580/642 

5 /19 

26/589 

19/589 

16/589 
19/589 

(52.3) 
(59.2) 
(90.3) 
(26.3) 

(4.4) 

(3.2) 

(2.7) 
(3.2) 

10/29 
5/10 
5/5 

2/5 

2/5 

2/5 
2/5 

(34.5) 
(50.0) 
( I ( X ) . O ) 

(40.0) 

(40.0) 

(40.0) 
(40.0) 

clinical pregnancy rate per embryo transferred (40.0%. 
versus 3.2% ) and a higher delivery rate per embryo 
transleiTed (40.0% versus 2.7%). 

Discuss ion 
C leaving embryo and Pronucleate zygotes 
Relatively few prospective studies have compared the 
clinical outcome between cryopreserved zygote and 

cryosurvival rate for cleaved embryos, which is probably 
a more representative value. 

'The clinical pregnancy rale per transfer for the 
cleaving embryo in the current study (17.3%) is within 
the range found in literature: 12.9% [3()|, 16.0% |40) 
and 24.4%' |45| . The clinical pregnancy rate of 44.7%> 
for pronuclear stage zygote reported in this study is 
higher than most figures reported in literature: 17.0% 
|4| , 14.0% [411, 15.8% (45). Damario ct al |28] were 
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the only investigators lo record a similar high rate of 
44.1 %>. Small numbers is a possible explanation for this 
wide disparity. In literature, the pionucleate stage zygote 
is associated with higher pregnancy losses than the 9.5% 
reported in this study (18% |4) and 25% [411). The 
clinical abortion rate of 24.5% observed for cleaving 
embryos is similar to 23% reported by Mandelbaum et 
al [40]. 

According to published data, the clinical 
outcome is generally similar for the pronucleaie stage 
zygote and cleaving embryo |40]. However, findings in 
this study appear to tip the scale in favour of the 
pionucleate stage zygote by virtue of its higher delivery 
rate per embryo transferred and lower clinical abortion 
rates. However, for each laboratory, the stage at which 
to freeze will ultimately be influenced by the law. 
Specifically, decisions will invariably be determined by 
the availability of adequate in-vitro culture facilities, the 
type of cryoprotectanl and the freezing protocol and 
lastly by the issue of embryo selection |46). 

Multicellular embryos have the inherent 
advantage over pronuclear zygote in allowing for embryo 
selection. However, research is beginning to evaluate 
the prospects of predicting zygote morphology |47| with 
a view to facilitating zygote selection. Finally, the true 
difference between zygote and embryo cryopreservation 
resides in the freezing of all zygotes obtained in vitro 
and the use of the best quality embryos. Subsequent 
comparison of the cumulative pregnancy rates will 
resolve the current debate. In view of the remarkable 
success achieved with human embryo cryopreservation, 
it has been established as an integral component of the 
ART programme. Human embryo cryopreservation 
makes substantial contribution to the ART programme 
as rellected in its involvement in over 40% of every 
component of the treatment cycle: during cycle initiation, 
in cycles reaching oocyte collection, and of patients 
reaching embryo replacement producing sufficient 
embryo for cryopreservation J9|. 

Overall, embryo/zygote cryopreservation is 
safe and efficient with birth rates comparable with figures 
for fresh embryos [401. Embryo and zygote 
cryopreservation will reduce costs, the incidence of 
ovarian hyperstimulalion syndrome and higher order 
multiple pregnancies. The cumulative pregnancy rate 
for all embryos resulting from each retrieval cycle will 
increase significantly |6|. Embryo cryopreservation may 
also reduce the potential risk of ovarian cancer associated 
with multiple ovarian stimulation. 

Mill lire and immature oocytes 
Failure to reproduce the initial successes with oocyte 
cryopreservation [20,211 dampened enthusiasm about 

the technique. Regardless of this failure, the potential 
advantages of an oocyte cryopreservation programme 
have propelled an extensive investigation into the various 
aspects of oocyte cryobiology. 

Survival after thawing is currently the major 
obstacle to oocyte cryopreservation. The oocyte in 
general is more sensitive to freeze/thaw damage than 
later embryogcnic stages |48|. The extreme sensitivity 
of the mature oocyte to temperature and toxic shocks 
during the f reezing and thawing process is a 
consequence of its cellular architecture and physiology 
[49]. The small surface-to-volume ratio combined with 
the loose binding of the chromosomes to the spindle in 
the absence of a nuclear membrane exposes the oocyte 
to the risk of damage to the zona pellueida, meiotic 
spindle, cytoskeleton, and cortical granules [50]. 
Changes during the freeze-thaw process can induce 
depolarisation of the spindle microtubules, causing 
disruption of chromatid separation at the moment of 
fert i l ization; which may cause the spread of 
chromosomes and potential induction of aneuploidy 
148,491. However, Gook et al 151) reported normal 
karyotypes and the absence of stray chromosomes in 
cryopreserved human oocytes. The oocyte quality in 
terms of age, maturity and size is believed to play a role 
in oocyte cryosurvival. 

A role for the oocyte quality is supported by 
the observation that most oocyte derived pregnancies 
have been achieved with metaphase II oocytes [501. 
This observation is confirmed by this study. The poor 
results obtained with the mature oocyte shifted attention 
to prophase I oocyte which was thought would be less 
sensitive to cryoinjury; being in a state of arrested mciosis 
at the dictyate stage with its chromosomes located in 
the membrane-bound nucleus. Furthermore, the 
prophase 1 oocyte from stimulated and unstimulated 
ovarian tissue had been shown to be capable of meiotic 
maturation after cryopreservation [52,53,54]. 

The present study shows that the immature 
oocyte has poor cryosurvival rates. Its cryosurvival rate 
observed in this study (34.5%) is lower when compared 
with the survival rates reported by Son et al (55.1%) 
|54|. The cryosurvival rate of the mature oocyte in this 
study is higher than the low survival rates (25-40%) 
reported from the analysis of combined data of four 
studies |40|. These findings support the poor survival of 
the human oocyte although an increasing trend is being 
observed with the increasing use of 1,2-propanediol as 
the cryoprotectanl 1551. A number of other biological 
and technical factors may influence oocyte cryosurvival 
including the cumulus oophorus, the cryoprotectanl and 
the freezing protocol 156J. The role of the cumulus 
oophorus remains controversial with investigators 



331 

arguing for |57| and against 115|. Yet others reported 
that it has no impact on oocyte survival |40,56,58|.The 
slow freeze-rapicl thaw is reported to be the most 
successful technique 1501. However, given the generally 
poor cryosurvival rates reported in the literature, further 
development of cryoprotectants and the Ireeze/thavv 
procedure is imperative. Cha ct al |59| reported a new 
vitrification method which is capable of improving the 
cryosurvival rate. They achieved an 83% cryosurvival 
rate. 68% fertilization rate and 90% cleavage rate for 
the immature oocyte. However, no pregnancy was 
recorded. 

Having survived cryopreservation, both 
immature and mature oocytes demonstrated satisfactory 
embryonic development potentials. The good fertilization 
rates in both mature and immature oocytes observed in 
this study (> 50%) are comparable with reports in the 
literature 125,561. The survival, fertilization and cleavage 
rates noted in this study are similar to the 37%, 45.4% 
and 86.3% respectively in 68 women treated in 86 
thawing cycles by Borini ct al |60|. The observation of 
higher implantation and pregnancy rates reported for 
the immature oocyte may be an indication of an inherent 
valuable potential which requires further investigations. 
Overall, the study findings are in agreement with the 
suggestion that at present, and until the efficiency of in 
vitro maturation improves, cryopreservation of prophase 
I oocytes offers little advantage over freeze-storage of 
metaphase II oocytes. 

Though the numbers are small, this study has 
demonstrated that oocyte cryopreservation is becoming 
a reproducible procedure, and makes a strong case for 
the need to initiate clinical trials. Enthusiasm with this 
technology seems justified given the observation that it 
cont inues to improve | 6 1 | . Cryopreservation is 
apparently the last hurdle in the process leading to the 
utilization of oocytes. Coticchio*7 al / 62| attributed the 
limitations of oocyte cryopreservation to the fact that 
current techniques employ methods originally designed 
for clcavinu embryos. With lurthci development ol the 
cryopreservation technique, its inlioduction into clinical 
practice will become feasible. Reassuringly, the few 
children born after oocyte cryopreservation and ICSI 
are healthy and normal |33|. 

Oocyte cryopreservation will contribute directly 
to the establishment of an oocyte donation system which 
is a feasible system to treat a number of congenital 
infertility disorders such as hypoplastic ovaries, 
premature ovarian failure and conserves fertility In-
patients who receive an t i -cancer treatment 
159,63,64,65]. A recent meta-analysis comparing the 
outcome of IVF-ICSI cycles between frozen and 
unfrozen oocytes demonstrated significantly lower 

success rates with cryopreserved oocytes |66|. The 
aulhois concluded that oocyte cryopreservation was 
justified for preserving fertility in the presence of a 
medical indication. Cryopreservation will increase the 
flexibility of the ART programme, allowing the possibility 
ol postponement ol the initial treatment cycle in the event 
that the patient develops hyperstimulation or the inability 
of the partner to produce a viable sperm sample 118,63). 

ICSI and cryopreservation 
ICSI is well established in ART It is repoited to account 
for about 27% of assisted conception treatment for 
severe male Iactor infertility in the UK; and achieving 
higher success rates than IVF [67|. However, concern 
is being raised on the potential risk of congenital 
malformations and genetic defects in the offspring after 
ICSI, given that ICSI, by direct injection of spermatozoa 
into the oocyte bypasses the natural barrier of sperm 
selection. This concern becomes heightened with the 
application of ICSI in cryopreservation, raising the fear 
of the possibility of combined assault on the genetic 
material. 

Available evidence on the short-term health of 
ICSI offspring is generally reassuring 1671. Detailed 
follow-up studies of 1987 ICSI children including 79 
children from cryopreserved ICSI embryo in Belgium 
did not demonstrate increased chromosomal or structural 
aberrations 1681. 

Conclusion 
Cryopreservation is well established in ART. Pronucleate 
zygote and embryo cryopreservation give satisfactory 
clinical outcome and are currently the most widely-used 
cryopreservation techniques [69J. While ICSI has 
improved the prospects of oocyte cryopreservation, 
making it a reproducible technique, the low survival rates 
militate against its routine clinical application at the 
present time. However, optimization of cryotechnology 
will hopefully enhance its clinical utility. The short term 
health of infants born after cryopreservation has been 
satisfactory. Cryopreservation has broadened the scope 
and the clinical utility of ART. Ovarian cryopreservation 
when it becomes clinically available will resolve the 
dilemma of fertility conservation for children and young 
women [69,70] thus increasing the overall efficiency of 
the ART programme. 
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