


crossv detectnve sperm could induce the same oocy te
events as did normal sperms Finallvo i 1985 Hosia et
Al unpubhished. quoted m Iritant 1991 achieved
Jdetivery ot viable voung after transter of micrainjected
pubbit coos This success was soon replicated by other
sarentists with Keefer t1989) reporting fetal development
from micromjected rabbit eggs. and Goto et al. tquoted
m Letans, 199 1) achicving birth of a calf in 1990,
However, human applicaton of this technique proceeded
slowly with only a prechmical study by Lanzendorf et al.
m TORS, and two tentative, and unsuccessful. attempts
by Veeck etal, 11990y and Ng SCetal. (1991,

Fhere were two mam reasons For this reluctance to apply
ICST chintcally Festo was the fear that the injection
procedure could damage some vital intra-cellular
organelle. with subsequent consequences on the embry o,
Second. was the concern that sinee 1CST bypassed many
ot the natural barriers to fertihzation — which were
prosumed o act as biological filters allowing only the
hest sperm o fertilize there may be problems in the
oltsprmg due o tertthizaton by “unfit” sperm. Hence.
when Gordonetal. (1986, T988) presented zona drillig
as inew nucromanipulation technique for factlitating
fertilizauon while partally preserving natural brotogical
harriers, most centers switched to this, and related.

rechmiques. Three methods were used:

Zona Drillimg /1))

acid tyrode: the purpose was o create a path for the sperm

ahole was created n the zona using

to reach the volemma twhich was stll itact. without
having to struggle through the zona.

Partial Zona Dissection (PZD)  ashit was created in the
song by mechantcally disrupting it using a micro-needle:
this achieved the same purpose as zone drilling without

the damage caused by the acid tvrode,

Sub Zonal Insemination (SUZD - a microneedle was
introduced through the zona and sperms were injected
o the peri-vitelline space: this method bypassed the
sona enurely, while mamtaining the integrity of the

oolemma.

Clintcal pregnancies were soon established by these

methods (Cohenetal., 19SS, Necetal . 1oss How i
despite some successes. the fertthzation ana presnana
rates remained low (Levren 1993y, The nextdevctopimient

accurred by chance.

During SUZL it is possible to accidentally puncuure the
oolemma and myect the sperme mura-cv toplasimicath
Working at the Dutch-speakimg Brussels Free Universits
Palermo noticed that while many of the cues thus
accidentalty mjected underwent nmmediate Tysissa few
survived and cleaved into good embryos, even when
sibling eges that underwent the planned SUZT Laded 1o
fertilize. Inspired by this chance obseryation, Palcrmo et
al (1992) pertormed deliberate ICSEin some of the cvos

of patients undergomg SUZL

In 1992, Palermo et al. reported the frest 4 prevnan o
obtamed through TCSLo A 4 patrents had v e
oligoasthenozoospermii, and * had Falea a tow o
cycles (only T of 103 vocytes fertilized) S ¢ o s ol
SUZIL and ICST were performed on sibline oocvt < 0
3o o

fertihized. 47 oocvies were myected with a siele non

oocyles were subjected to SUZL only
mottle sperm- 31 06 ¢) ferulized and 18 devetoped mio
good quality embryvos. This resulted in 2 sinaleton and |

twin pregnancies. and 1 miscarriage

This was soon followed by a report of therr results with
300 eveles in 202 couples. performed between October
1990 and January 1992 (Palermo et al.. 1993

confirming the superiority of ICSTover SUHZT However

AT

despite these successes the overall fertihization rates of

approximately 35¢% were still rather low.

Then in the second half of 1992, this changed. Thanks to
three significant moditications in the technique of 1CSI
- use of a lower concentration of hyaluronidase to remose
cumulus, selection of motile instead of namoule sperm.
and aspiration of the oolemma to ensure rupture  the
fertilization rates soared 1o 65¢, matching those achieved
during conventional IVE for wbal fuctor ¢Jois ol
1998). Finally. ICST had ~arrived™.

With standardization of techniques, and the avalabilin

of commercially prepared high quality injection necdles
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ICST rapidhy became a routine procedure that could be
offered by any established IVE laboratory. Thus, the
number of BESHIRE registered centres offering 1CSI
mereased from 33 m 1993 o 101 in 1995 and today.
the city of Mumba alone. there are almosta dozen centres
oltering 1CST!

With this widespread enthusiasm for ICS1Lits applications
were rapidly expanded. [C was soon reatized that when
sperm aspirated from the epididymis had to be used (as
in cases of vas aplasta or obstructive azoospermia) much
higher fertilizaton and pregnancy rates were achieved
when 1CST was used instead of conventional IVFE Sitber
et al. 994y,

frozen-thawed epididymal sperm had the same

[t was further found that with ICSI even

fertthzation rate as tresh sperm (Devroey etal., 1994 a).
This meant that one spenn retrieval procedure could yield

sperm for many 1CSHeycles.

Aeanwhile, Jow ¢t al. (1993) showed that motile sperm
could be recovered directly from a normal testis, and
Devroey et al. 11994 by reported ferulization and
development of good embryos after ICSI with testicular
sperm. - Soon. pregnancies with testicular sperm were
beig obtimed with the same success rate as with
ciaculated and epididymal sperm. Spurred by this success
in obstructive azoospermia, attempts were made to
recover sperm front the testes of men with non-obstructive

AZ00NPCTINIAL.

Reviewing his carlier work on testicular biopsies, Silber
(1995 pointed out that many biopsies showing
maturation arrest. or even Sertoli cell syndrome only, had
an occastonal tubule that showed presence of sperm. He
suggested that by doing multiple testicular biopsies it
would be possible to access these tiny focal areas of
spermatogenesis and retrieve these sperm for 1CSL
Shortly thereafter. Devroey etal. (1995) reported success
in this previously hopeless group of patents. In 15
patients with non-obstructive azoospermia, treated
between May and August 1994, they were able to recover
sperm [rom the testes of 13 men. These sperm achieved
a 47.8%% ferulization rate, and 3 pregnancies were

produced.

All these amazing advances are just the begmning of the
revolution that has overtaken infertility therapy. Alrcady
human pregnancies have been achieved uafter
intracytoplasmic injection of spermatids (Fishel ¢
al..1995: Tesarik et al.. 1996) and the ndetatigable
Yanagimachi (1998) has been able to achieve pregnancics
and fertile offspring in mice after injection of nuclet of
round spermatids and secondary spermatocytes. Much

more 1Is yet Lo come.
Indications

ICSI needs just as many sperm as there are eggs. Further.
the occurrence of fertilization and pregnancy are
independent of sperm count. motility (as long as they are
viable), morphology (Nagy et al..19954). or the source
of sperm (epididymal or testicular) (Nagy ¢t al..1995b).
Hence, ICST is usetul in all those cases where the sperm
quality is too poor for fertilization to occur n any other
way. These indications are discussed m detail below:

(1) Very low sperm counts. It the sperm harvest yiclds
<500.,000 motile sperm. routine IVF is likely to fail:
on the other hand [ICSI can succeed even if the sperm
count is so low that sperm can be found only after

centrifuging the semen sample.

(2)Severe asthenozoospermia. If the ejaculate shows less
than 20% motile sperm, routine IVF is not likely to
succeed. For ICSI. motility is unimportant : as fong
as there is some movement that indicates that the

sperm 1s viable. ICSI can succeed.

(3)Total asthenozoospermia. A totally immotile sperm
may be viable but immotile (immotile sperm
syndrome), or it may be dead and therefore non-motile
(necrozoospermia). It 1s important to distinguish
between these two situations since ICST with viable
immotile sperm will achieve fertilization while 1CSI
with non-viable sperm will fail. Hence semen samples
with total asthenozoospermia should undergo
supravital staining. If most of the sperm are viable
then ICSI can be done with ejaculated sperm: if most

of the sperm are found to be dead then it is preferable
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to use testicular sperminstead of ¢jaculated sperm,
sinee itis more likely that the testicular sperm, though
mmmotile. will be viable. The hypo-osmotic swelling
test can also be used wo identify which immotile sperms
are viable and hence suitable for ICST (Casper et al..
1990).

(hSevere teratozoospermia. 1t eritical morphological
cvaluation of the sperm reveals less than 4% normal
sperm. IVE will show poor fertilization. However.
this does not pose a barrier to fertilizaton when 1CSI
i~ used.

(31Globozoospermia These are sperms with no

acrosomes and therefore unable to fertilize.  Since

1CST does not need the acrosomal enzymes, ICSI can
achicve tertilization m these cases but the rates are

low . and pregnancies rare. (Liu et al., 1995).

rorhrozen-thawed sperm with poor recovery — when a
semen sample of impaired quality is cryopreserved
the harvest is usually too poor to be used for U] or
cven IVE ¢ g when semen is cryopreserved in young
men with testicular cancer prior to therapy. In these

cases [CSToffers the only hope.

(T Electro-ejaculated spermy with poor motility — If a man
i~ unable o cjaculate due to neurogenic or
psychoeenic causes, electro-ejaculation may be
required. Often the sample obtained shows excellent

count but poor motility. necessitating ICSLL

i1 Ealed IVE in two or more cveles — A study of couples
who had failed, or poor, fertilization at their first
attempt at IVE found that two-thirds of them will have
satisfactory fertidization at the next attempt at IVE
tHambergeretal., 1998). The remaining one-third will
tertilize only when [CSTis used. Thus one IVF failure
need not mandate FCST but most centres would prefer

not to take o chance and would do ICSTL

(9 When eprdidymal or testicular sperm are used — Both

epididymal and testicular sperm are capable ol
fertilizing eggs by conventional IVE but fertihzation
rates are very low since these sperm are immature.
and frequently immotile. ICST offers a much mgher

succeess rate.

Epididymal sperm are retrieved by percutancous
aspiration using an insulin syringe or butterfly scalp vem
needle (PESA). Use of epididymal sperm is indicated in
the following situations:

{a) Bilateral congenital absence of the vasa deferentia
Sperm production is normal but reconstructive sureery
is not possible. The older procedure ol creating a
spermatocele and aspirating this (o retrieve sperm tor

1UT has been given up due to very tow success rates.

(b) Epididymal Obstruction — Tradisonally this is treated
by microsurgical vaso-epididymal anastomaosis t\VE )
However, in

that bypasses the epididymal block.

certain situations ICST s preferable to VEEA:

(1YEpididymal obstruction following hydroccele
surgery 1s very common in our patients: due to
adhesions caused by the previous surgery VLA (s
extremely difficult and usually fails.

(2) Aging wife — [t usually takes one year after surgeny
for good quality sperm to appear; if the wife s
over 35 years. then every year counts: [CST would
help save time and allow for an carly pregnancy.

(3)Failed VEA — Redo VEA has a low success rate:
hence ICS1 is preferred.

(c) Ejaculatory duct obstruction can sometimes be treated
by transurethral resection of the block. If this fails.
sperm can be aspirated from the vas or epididymis
and used for IUI / IVF 7/ ICSI depending on sperm
quality.

Testicular sperm can be obtained by testicular
aspiration. needle biopsy. or open biopsy. Testicular

sperm are used for ICSI in the following situations:
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(w1 Obstructive azoospermia when the epididymis cannot
be located due to previous surgery or complete
ARCTICSIS

by Non-obstructive azoospermia - In 30% to 50% of men

with azoospermia due to primary testicular failure.

with small testes, elevated FSH and maturation arrest
on bropsy. it possible to obtain a few sperm by taking
multiple biopsices from all over the testes o tap pockets
of scunty spermatogenesis. These sperm are usually
mmmotile, and have lower fertilization rates following
ICSI. but the final pregnancy rates in those in whom

sperm were tound are similar to other groups.

Some important points to note:

Motile epididymal sperm are preferred to testicular

spern.

Testicudar sperm are preferred if epididymal sperm are

completely mimotile.

-Cyropreserved epididymal sperm are comparable to fresh

eprdidymal sperm.

-Stentlicantly higher fertilization rates are obtained with

testicular sperm from men with obstructive azoospermia

as compared to men with non-obstructive azoospermia.

{o) Necrozoospermia in men with all non-viable and
mmotile sperm i the semen. testicular sperm are used
m the belief that they are more Tikely to be viable.

(10). Pre-tmplantation genetic diagnosis  when

fertilization is obtamed by routine IVE extra sperm

stick mto the zona and can contaminate the blastomere

hiopsy, thus iterfering with the genetic probes.

Hence, ICST s preferred.

Since [CST virtually eliminates the risk of failed
tertihization some clintcians have suggested the routine
use of [CST for all cases of IVE. However. most experts
agree that 1CST should be used only when routine [VF
will notwork. The reason tor this caution 1s the fact that
the penctic conseguences and tong term development of
the ICSToffspring are vetunknown. Also, [CSTis amore
compley procedure than routme IVE and places additional
technical demands on the centre and an extra financial

hurden on the patient.

Sometimes. it i~ uncertain whether routine INT il
suffice or whether ICSI will be required. T such cases.
if an adequate number of eggs are available. halt can be
subjected to TVE and half to ICST I TVE achieves
adequate fertilization those embryos are used firstand in
future only IVE is done: if IVFE fails then the cyele will
not be wasted since 1CST fertilized embryos wall be
available. This approach is particularhy useful m men
with severe OATS und borderline harvestand m couples

who have failed one cycle of [VE
Technique of 1CSI

The technique of ICST has been discussed extensively
and 15 also demonstrated on CD-ROM (Van Steirrteghem
etal.. 1995). The Kev steps have been tlustrated in figures
Two

Results

ICST has established itselt as the treatment of chotee for
severe male factor infertifity with fertilization,
tmplantation and pregnancy rates that match those
obtained with conventional TVE for female factor
infertility. The results of the ESHRE ICSI Task Foree
for 1995 (Tarlatzis and Bili, 199¥), representing the

experience of 101 centres, are summarized m Table-1.

Table — 1
LICSI results using cjaculated, epididymal and testicular
sperm - ESHRE 1CSI Task Force Report for 1995

Liacutated  Eprdidyvimal Testiculan

Sperm Sperm Sper
Fertilization Rate 6% 62.5% SE7%
(% ot MIT oocytes injected
Good Embryos 43.5¢% 45.7¢ 3894
(e of MIT oocyies injected)
Fresh Embryo Transfers 86 S8 90"
(%% of started cyveles)
Viable Pregnancy (>20 wkey 21 3¢ RARRAY 187

(% oof started cyceles)

- Egg damage rate is stable at around 10¢
- Clinical abortion rate 1s 10 — [3%
- Viable pregnuncy rate following transter ol frozen

embryos 1s 5 — 10%.
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Table 11
1CSI results as per etiology of infertility - Fertility Clinic (Mumbai) data from April 1994 to June 1998

Severe OATS Obstr. Azoo. Obstr. Azovo. Testicular
-Hjac. Sperm -congenital - acquired fatlure
Nooof eveles 351 26 27 26
(No ol patients) (341 (23 (20) (20)
Frosh Embrvo Transters 348 24 25 N
o ob started ovedess (DY 10 (85.7%) (92.6%) (57.7¢
Viable Pregnaney he 3 2 3
dheobranster eyelosy RS R (20.8%) (8% ) (20%)
£ ol started cyeless (239 (19.2%) (745 (1r.sa)

A anahysis of results  erms of etiology 1s presented

table-11

Genetic Concerns

ICST s sulba very new procedure. The explosion of

Jimcal work has not been matched by a proportional

numiber of pre chimteal and experimental studies. Henee

there s concern about the transmission. or induction, of’

cenctie abnormahities o the offspring. Also, the long-
ICSI on the

offsprng are as setunhnown. Fenee, many countries have

term devetopmental consequences of

chosen a path of caution. brimging to a halt some of the
more controyerstal apphications of 1CST tll more
mtormation s avairlables Thus, the Duteh have declared
Lmoratorinm on TCSTasmy eprdidymal and tesucular
sperm winle the Britsh has ¢ hanned spermatid injections.
Two types of risks are involved:
for Known sk transmission o a known paternal defect
chrUnknowneshe unpredictable genctic consequences
of the ICST procedure
car Known ks Several genetic abnormalities can cause
micrtihity By enabline such men o father children.
LOSTallow s the genete detect to be transmitted to the
olispring Sone of the conimon problems are:
N as Aplasie Bilateral congenttal absence of the vasa
deferentia s now recovntzed as mild, locahized form
due 10

of cvsue fibrosis «Chidlon et al., 1993)

mutations on the ovstre fibrosis transmembrane

conductance regulator (CFTR) gene located on
chromosome 7. In western studies. 70¢¢ of these men
have common cystic fibrosis mutations tusually
/A F508) on one allele, while 10% haye mutations on
both alleles (one mutation will be vers mild). In the
remaining 30¢ there is a splicing error on imton S,
called the TS allele. If both husband and wite carn
the AF508 mutation the child is atrisk of dey clopiy
cystic fibrosis: if they both have poly-T variants of
intron 8 then the child be born with vas aplasia Thus.
genetic testing of a couple undergomg 1CST Tor vas
aplasia is very important.. Unfortunately. there s no
mformation on the prevalence of CETR vene
mutations in the Indian population. Climcally. cyvstie
fibrosis appears 1o be uncommon in Indian patients.
but there is an urgent need o stady the laree numbes
of vas aplasia patients who are seeking therapy. so as
to understand their genetic status and the risk to the
oftspring produced through ICS1.
(2)Chromosomal abnormalities. A meta-analy sis ot
chromosomal studies in men with azoospermia o
severe oligozoospermia (Van Assche ot al. 1900
reported a 3.8% mcidence of sex chromosomul and
1.3% autosomal chromosonial

inctdence of

abnormalities.  This is much higher than the
corresponding incidence in newborns of 014 and
0.25% respectively. These chromosomal defects nian
result in a higher abortuon rate. They may also lead
to inherited chromosomal defects in the child oreven

dangerous unbalanced transtocations.
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P DA/ eene deletions  Micro-deletions in the distal
portion of the cucromatie region of the long arm of
the Y chromosome are identified in 13 % of patients
with non-obstructive azoospermia or severe
olicozoospermia (Reijo et al. 1995). Transmission
of these deletions will resultin infertility in the male
olfspring

(b Unknown risks - There are several theorenical reasons

why 1CSTmay lead to genetic abnormalities. Points

ol concern are:

1 The process of TCST by passes several of the cellular
mteractions which may be essential tor proper egg
activation,

(2 Asprration of the oytoplasm (to confirm that the
mjection pipette has penetrated the oolemma) may
Jamage the egg eyvtoplusm

(3ICST may antertere with ehmimation of paternal
mitochondria.

(0 TOST by passes the natural process of sperm selection
and henee may allow genetically damaged sperm to
achieve fertilization.

(Sibprdidy mal sperm obtained from men with
abstructions may be aging sperm with a higher
mcidence of DNA damage.

(o) Immature testicular sperm and sperm precursors could
have faulty eenomic imprinting which may manifest
Fater as grow th retardation or functional impairment.

This s discussed m the next section.
Health of 1CSI children

In eeneral. In-vitro ferulization leads to fower birth weight
habies and mereased permatal risk. especially when there

are muluple pregnancies.

In thes section we witl veview whether the specific
procedure of TCST additionally compromises the

wellbemyg of children born through this procedure.

In o report Clarlatzis and Bili, 1998) on 2486 children
horn after ICST usimg cjaculated sperm, 1.9% major and
~ 4 mmor malformations were reported. No major and
2 5% mumor malformations were observed m 119 babies

borm atter use of epididymal sperm. and 4.8% major and

324 mimor malformations were observed m 63 habies
from testicular sperm. These rates are withm the range

observed in the general population.

Bonduelle ct al.. (1996) studied 486 karyoty pes in 877
children born after ICST and found & 1.2% maidence of
de novo sex chromosome abnormalities. This is higher
While sex

chromosomal abnormatities usually pose no major heaith

than expected in the general population.

problems and there s no mental retardation. the indiv idual
will usually be infertile and major mulformnations do
occur in Turner syndrome. The health imphications off
this need to be discussed with couples undergomg 1CSI
s0 that they may decide regarding the need for prenatal
genetic diugnosis and whether they wish to undergo
abortion if any abnormality ts detected (Meschede and
Horst, (1997).

Recetly, areport by Bowen ctal. (1998) comparmg [CS]
and [VFE babies born in Australia, suggested that 1CS]
babies fared lower in the Mental Development Indes
(MDHb scale: further, males fared poorer then females,
However, this study has been criticized on grounds of
inappropriate test methods and significant differences in
the two paticnt populations. On the other hand. data from
the Brussels group (Bonduelle et al. 1998) did not find
any significant retardation in the psychomoto
development. at the age of two years, in the 1CST babies

studied by them.
Thus, the current data suggests that:

o 1CSI does not leud to an ncreased mcerdence ol
congenttal malformations

® There is aslightly increased risk of sex chromosomal
abnormalities

o lFurther evaluation of the long-term psychomotor
development of ICSI children 1s needed before its

safery can be confidently asserted.
Conclusion
ICST 1s a revolutionary new technique that has made 1

possible 1o treat most cases of severe male mtertility,

Even those men who are currently not treatable, will he
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able to achieve fertihization i the future through the use
of sperm precursor eells. However, the fong-term
consequences of TCST are as yet unknown. and though
the evidence so far suguests that 1CST does not Tead to
health rishs to the offspring. further studies are needed
hetore the safety ol TCSEean be unequivocally asserted.
The mam Imuting factor ot ICST s its cost and in our
country donor msemmation will continue to play an

important role,
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