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Intracytoplasmic sperm injection as a treatment for
unexplained total fertilization failure or low
fertilization after conventional in vitro fertilization
Lucette van der Westerlaken, M.Sc., Frans Helmerhorst, M.D., Ph.D., Sandra Dieben, M.D., and
Nico Naaktgeboren, Ph.D.

Department of Reproductive Medicine, Leiden University Medical Center, Leiden, The Netherlands

Objective: To determine whether IVF or intracytoplasmic sperm injection (ICSI) should be the choice of
treatment in case of a previous IVF attempt with unexplained total fertilization failure or low fertilization
(�25%).
Design: Prospective study.
Setting: Leiden University Medical Center.
Patient(s): Thirty-eight couples undergoing IVF and ICSI on sibling oocytes after a first IVF attempt with total
fertilization failure or with low fertilization (�25%).
Intervention(s): Performing IVF and ICSI on sibling oocytes.
Main Outcome Measure(s): Fertilization and (ongoing) pregnancy rate.
Result(s): A total of 271 oocytes were collected in 24 oocyte retrievals in the total fertilization failure group.
Hundred nine oocytes were randomly allocated to IVF and 12 were fertilized (11%); 162 sibling oocytes were
allocated to ICSI and 78 were fertilized (48%). In 8 of the 24 patients fertilization occurred after IVF. The
pregnancy rate after transfer of 1 IVF and 1 ICSI embryo (n � 3) was 67% and after the transfer of 2 ICSI
embryos (n � 21) this was 52%. In the low fertilization group 169 oocytes were collected in 14 oocyte retrievals.
Seventy-two oocytes were randomly allocated to IVF and 16 were fertilized (22%). Ninety-seven sibling oocytes
were allocated to ICSI and 58 were fertilized (60%). In 7 of 14 patients fertilization occurred after IVF. The
pregnancy rate after the transfer of 1 IVF and 1 ICSI embryo (n � 5) was 80% and after the transfer of 2 ICSI
embryos (n � 9) this was 33%.
Conclusion(s): Performing ICSI on some oocytes of a cohort may avoid total fertilization failures both in patients
with a history of total fertilization failure and in patients with a history of low fertilization, as the percentage of
fertilization is higher after ICSI compared to IVF and the recurrence of total fertilization failure and low
fertilization is high after IVF treatment. (Fertil Steril� 2005;83:612–7. ©2005 by American Society for Repro-
ductive Medicine.)
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ntracytoplasmic sperm injection (ICSI) rather than conven-
ional IVF in case of severe male factor infertility has been
ccepted as a highly successful method in terms of fertiliza-
ion and pregnancies resulting in live births. The results in
ouples with mild male factor infertility were discordant (1,
) as were those in case of non-male factor infertility. Using
ibling oocytes Khamsi et al. (3) reported a higher fertiliza-
ion and pregnancy rate after ICSI relative to IVF, whereas
taessen et al. (4) found no difference.
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In case of normospermia total fertilization failure and low
ertilization (defined as �25% fertilization) occurs in 5%–
5%, and 20%, respectively, of the couples undergoing IVF,
ith a recurrence rate of about 30%–50% (5–7). This failure
f oocytes of the female patient to be fertilized by the
permatozoa of the male partner undergoing infertility treat-
ent may be explained by lack of penetration of the zona

ellucida, an oocyte activation failure, or a defect in the
ocyte. Intracytoplasmic sperm injection circumvents those
bstacles and might therefore be effective. Only one study
n the efficacy of IVF and ICSI after a previous attempt with
otal fertilization failure has been published, reporting in
avor of ICSI, despite the use of a high insemination con-
entration in the IVF procedure (8). However, most of the
ouples included in that study suffered from oligoasthe-

oteratozoospermia.
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The aim of this study is to compare the efficacy of IVF and
CSI in case of a previous IVF attempt with either total
ertilization failure or low fertilization in couples with nor-
ospermia. It is a prospective study using sibling oocytes

hat have been randomly assigned to either an IVF or an ICSI
rocedure with fertilization and pregnancy rate as primary
utcome.

ATERIALS AND METHODS
atients
he couples that were included in this study showed total

ertilization failure or low fertilization (�25%) in a first
ttempt (between September 1995 and September 2002) in
hich all retrieved oocytes were treated with (conventional)

VF. In the second attempt (between November 1995 and
ebruary 2003) part of the retrieved sibling oocytes of those
atients were treated with IVF and the other part with ICSI.

Other inclusion criteria were the retrieval of at least five
ocytes (sufficient number for an IVF as well as an ICSI
rocedure) and semen characteristics of �20% motility after
perm preparation (discussed later) and �1 � 106 total
otile sperm count after sperm preparation. The criteria
ere fulfilled both on the day of the first IVF attempt as well

s on the day of the second attempt. A total number of 24
ifferent couples fulfilled the inclusion criteria for the total
ertilization failure group, as did 14 different couples for the
ow fertilization group.

The mean age of the women was 32.2 � 3.9 years (range
3–41 years). The results reported all refer to the second
reatment.

Each couple included in this study was informed that due
o the possibility of recurrence of total fertilization failure or
ow fertilization, ICSI and IVF would be performed on
ibling oocytes. Because ICSI is a proven method for the
reatment of infertility there was no need for Institutional
eview Board approval. However, written informed consent
f each included couple to perform ICSI on at least part of
he retrieved oocytes was obtained.

varian Stimulation
varian stimulation was performed by a combination of
nRH agonist: Decapeptyl (Ferring, Hoofddorp, The
etherlands); Synarel (Pharmacia, Woerden, The Nether-

ands), FSH: Gonal F; Pergonal; Metrodin HP (Serono
enelux, Den Haag, The Netherlands), and hCG: Profasi

Serono Benelux, The Hague, The Netherlands); Pregnyl
Organon, Oss, The Netherlands). Luteal phase supplemen-
ation was given by intravaginally administered P, Progestan
Organon) and a single hCG injection, Pregnyl (Organon).

emen Preparation
reshly ejaculated semen from the male partner was allowed
o liquefy. After measuring the volume of the sample, con- t

ertility and Sterility�
entration and percentage of motile spermatozoa was as-
essed in a Makler counting chamber (Sefi-Medical Instru-
ents, Haifa, Israel). Earle’s medium buffered with HEPES

nd supplemented with 0.5% human serum albumin (Cealb,
LB, Amsterdam, The Netherlands) was added to the semen

ample and mixed by pipetting. Depending on the total
umber of motile spermatozoa, the mixed sample was pipet-
ed on top of either a layer of 70% or 80% Percoll (from
995 to 2000)(Pharmacia, Woerden, The Netherlands) or
ureSperm (from 2000 to 2003) (Nidacon, Goteborg,
weden) layer and centrifuged (800 � g, 10 minutes).

The supernatant was removed and the sperm pellet was
esuspended in HEPES-buffered Earle’s medium. Depend-
ng on the total number of motile spermatozoa, this suspen-
ion was either pipetted again on top of an 80% Percoll or
ureSperm layer and then washed twice, first in HEPES-
uffered medium and the second time in Universal IVF
edium (Medicult; Lucron, Milsbeek, The Netherlands), or
ashed twice with these media after the first Percoll or
ureSperm treatment.

Volume, concentration, motility, and the total motile
perm count were redetermined after processing. The sper-
atozoa were kept at 37°C and 5% CO2 in air in an incu-

ator until the insemination or injection procedure. The same
emen sample was used for both the insemination and the
njection.

ocyte Retrieval and Preparation
he retrieved oocyte–cumulus complexes (OCCs) were
ooled and washed in HEPES-buffered Earle’s medium and
hen randomly transferred in groups of two to six OCCs
depending on the total number of OCCs retrieved) to drop-
ets of 25-�L culture medium (Universal IVF medium
Medicult]) under mineral oil (Sigma, Brunswig Chemie,
msterdam, The Netherlands) and then stored into an incu-
ator (37°C, 5% CO2).

Before injection or insemination the OCCs were taken out
f the incubator and the OCCs in the first droplets were
ssigned to ICSI and the OCCs in the last droplets were
ssigned to IVF in a ratio of 3:2. A higher number of oocytes
ere assigned to ICSI to secure occurrence of fertilization,

s not every oocyte can be injected (about 10%–20% due to
heir maturational stage) or will survive after injection (about
0%).

The OCCs that were assigned to ICSI were denuded of
heir surrounding cumulus cells both enzymatically and
echanically between 0 and 4 hours after retrieval (9).
he maturation stage was checked and the oocytes that
ad extruded a polar body were selected for injection. The
CSI was performed as described in detail elsewhere (9).
fter injection the oocytes were transferred to 25-�L
roplets of Universal IVF medium, where they were cul-

ured individually.
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The OCCs that were assigned to IVF kept their
urrounding cumulus cells and they were cultured
ndividually in 25-�L droplets of Universal IVF medium.
n the second treatment each oocyte was inseminated
ith 100,000 –150,000 motile spermatozoa (instead of the

tandard number of 75,000) 2– 6 hours after oocyte re-
rieval.

ssessment of Fertilization
ertilization was scored 16–18 hours after injection and

nsemination. For the IVF oocytes the surrounding cumulus
ells were removed mechanically by repeatedly pipetting of
he OCCs in and out of a hand-drawn Pasteur pipette and the
ocytes were transferred to new 25-�L droplets of Universal
VF medium. Both the IVF and the ICSI oocytes were
hecked for fertilization (normal fertilization was when two
ronuclei were present, abnormal fertilization when less or
ore than two pronuclei were present). Cleavage and em-

ryo quality were evaluated at days 2 and 3 after oocyte
ick-up.

mbryo Transfer and Pregnancy Testing
mbryo transfer took place 3 days after oocyte retrieval. The
est-quality embryos were transferred, regardless whether
hey were derived from ICSI or from IVF. Depending on the
oman’s age and the embryo quality one to three embryos
ere transferred. Good-quality excess embryos were cryo-
reserved. Details of the embryo transfer technique are de-
cribed elsewhere (9).

Pregnancy was defined by an increasing �-hCG �50 IU/L
t 15 days after oocyte retrieval. Ongoing pregnancy was
efined by the presence of gestational sac with fetal heart-
eat after 12 weeks of gestation. Implantation rate was based

TABLE 1
Fertilization results after IVF or ICSI of sibling oo

Patients with fertilization by I

Total fertilization
failure group

(n � 8)

Low fer
gr
(n

Number Percent Number

Oocytes retrieved 95 90
Oocytes by IVF 41 43.2 38
IVF Fertilized 12 29.3 16
Oocytes by ICSI 54 56.3 52
Injected 48 88.9 48
ICSI fertilized 30 55.6a 32
aSignificantly different from IVF result (P�.001).

van der Westerlaken. ICSI for unexplained fertilization failure. Fertil Steril 2005
n ongoing pregnancies and calculated by dividing the num-

614 van der Westerlaken et al. ICSI for unexplained fertiliza
er of embryos implanted by the number of embryos
ransferred.

tatistical Analysis
he Mantel-Haenszel test was used to compare the propor-

ions of fertilized oocytes between the ICSI and IVF treat-
ent. Pregnancy results were analysed by Pearson’s �2 test.
tatistical significance was set at P�.05.

For estimates of population parameters mean and standard
eviation were used. For comparison of these parameters the
tudent’s t-test was used. All tests were performed by using

he SPSS statistical package (SPSS Inc., Chicago, IL).

ESULTS
ertilization Results
otal Fertilization Failure Group A total of 271 oocytes
as collected in 24 oocyte retrievals (11.3 oocytes per
ocyte retrieval). In 8 of the 24 oocyte retrievals there was
ertilization both after IVF and after ICSI (29.3% [12/41]
nd 55.6% [30/54], respectively). In 16 of the 24 oocyte
etrievals there was no fertilization in the oocytes allo-
ated to IVF, whereas in the sibling oocytes treated with
CSI there was a fertilization percentage of 44.4% (48/
08) (Table 1).

ow Fertilization Group A total of 169 oocytes was col-
ected in 14 oocyte retrievals (12.1 oocytes per oocyte re-
rieval). In 7 of the 14 oocyte retrievals there was fertiliza-
ion both after IVF and after ICSI (42% [16/38] and 62%
32/52], respectively). In the remaining 7 oocyte retrievals
here was no fertilization in the oocytes allocated to IVF,
hereas in the sibling oocytes treated with ICSI the fertili-

ation percentage was 58% (26/45) (Table 1).

s.

ICSI Patients with fertilization only by ICSI

ation Total fertilization
failure group

(n � 16)

Low fertilization
group
(n � 7)

rcent Number Percent Number Percent

176 79
42.2 68 38.6 34 43.0
42.1 0 0 0 0
57.8 108 61.4 45 57.0
92.3 91 84.3 45 100
61.5 48 44.4a 26 57.8a
cyte

VF �

tiliz
oup
� 7)

Pe
The overall fertilization percentage of the injected oo-

tion failure Vol. 83, No. 3, March 2005
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ytes was significantly higher than that of the inseminated
ocytes both in the total fertilization failure group and in
he low fertilization group (P�.001). In patients with
ertilization after both IVF and ICSI this difference was
lso found significant in the total fertilization failure
roup (P � .004), but not in the low fertilization group
P � .077).

For all patients the sperm parameters after preparation of
oth the total fertilization failure group and the low fertili-
ation group are shown in Table 2. The total motile sperm
ount after preparation was higher in the group of patients
ith fertilization in IVF than in the group of patients without

ertilization in IVF (11.5 � 9.4 � 106 vs. 8.8 � 12.4 � 106

total fertilization failure group]; 8.3 � 6.4 � 106 vs. 4.0 �
.5 � 106 [low fertilization group]). This difference was
ignificant (P � .05) for the low fertilization group.

TABLE 2
Sperm parameters after preparation (mean �
SD) in all patients.

Total fertilization
failure group

(n � 24)

Low
fertilization

group
(n � 14)

Concentration
(�106)

41.4 � 24.8 42.4 � 34.2

Motility (%) 72.0 � 19.9 66.5 � 15.4
TMC (�106) 9.7 � 11.4 6.1 � 5.2
TMC � total motile sperm count.

van der Westerlaken. ICSI for unexplained fertilization failure. Fertil
Steril 2005.

TABLE 3
Embryo transfer, pregnancy rate, and implantatio

Total fertiliz
gro

IVF-ICSIa

No. ET 3
No. embryo’s transferred 6
No. embryo’s/ET 2.00
No. pregnancies 2c (67%)
No. ongoing pregnancies 2c (67%)
Implantation rate 50%
aTransfers with a combination of 1 IVF and 1 ICSI embryo
bTransfers with only ICSI embryos.
cNot significantly different from the transfers with only ICS
van der Westerlaken. ICSI for unexplained fertilization failure. Fertil Steril 2005.

ertility and Sterility�
mbryo Transfer and Pregnancy Results
n both the total fertilization failure group and the low
ertilization group embryos were available for transfer in all
atients (Table 3). However, no transfers were performed
ith only IVF embryos.

In the total fertilization group three transfers of a combi-
ation of one IVF and one ICSI embryo were performed
esulting in two (ongoing) pregnancies and 21 transfers of
nly ICSI embryos (mean number of transferred embryos
as 2.05) resulting in 11 pregnancies of which 10 are
ngoing.

In the low fertilization group five transfers of a combina-
ion of one IVF and one ICSI embryo were performed
esulting in four pregnancies of which three were ongoing
nd nine transfers of only ICSI embryos (mean number of
ransferred embryos was 2.00) resulting in three (ongoing)
regnancies.

No significant differences were found with regard to preg-
ancy rates between both the mixed transfers and the ICSI
ransfers.

ISCUSSION
his study showed that normospermic patients, who had

otal fertilization failure or less than 25% fertilization in a
revious cycle where all oocytes were treated with IVF,
how in a second cycle a significantly higher fertilization
ate in sibling oocytes treated with ICSI compared to the
ibling oocytes treated with IVF. Moreover there was a high
ecurrence rate of total fertilization failure in the IVF-treated
ocytes in the second cycle (67% in the total fertilization
ailure group and 50% in the low fertilization group). There
as no significant difference in pregnancy rate between

ransfers of ICSI embryos and transfers of a combination of
ne ICSI and one IVF embryo, suggesting that once being

ate.

n failure
Low fertilization group

ICSIb IVF-ICSIa ICSIb

21 5 9
43 10 18
2.05 2.00 2.00

11 (52%) 4c (80%) 3 (33%)
10 (48%) 3c (60%) 3 (33%)

30% 30% 22%

bryos.
n r

atio
up

.

I em
615
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ertilized oocytes are very well capable of developing into
mbryos that are competent to establish ongoing pregnan-
ies, regardless of whether they were derived from IVF or
CSI. However, 9 of the 11 ICSI pregnancies in the total
ertilization failure group and 2 of the 3 ICSI pregnancies in
he low fertilization group were obtained from cycles with-
ut fertilization after IVF.

In other studies the apparently better performance of ICSI
ompared to IVF is also observed in couples with male factor
nfertility (2, 8, 10, 11). In a controlled comparison between
CSI and IVF in sibling oocytes Verheyen et al. (2) found a
ertilization rate of 64% and 22%, respectively, with a total
ertilization failure after IVF of 50% (10 of 20 oocyte
etrievals). In that study four pregnancies were also obtained
rom cycles without fertilization in IVF. Calderon et al. (11)
eported a randomized study that showed a fertilization rate
f 49.5% after ICSI and 19.5% after IVF with a total fertil-
zation failure after IVF of 21% (7 of 34 oocyte retrievals).

Despite the fact that all patients included in this study
ere diagnosed as normospermic, the number of patients
ithout fertilization after IVF for the second time was rela-

ively high (16 of 24 patients and 7 of 14 patients in the total
ertilization failure group and low fertilization group, respec-
ively). To find an explanation for the observed difference
etween patients in fertilizing capacity after IVF, we com-
ared retrospectively sperm characteristics in the groups
ith and without fertilization in IVF. We found that the total
otile sperm count (after preparation) in the cycles with

ertilization in IVF was higher than the total motile sperm
ount in cycles without fertilization in IVF, suggesting that
emen samples differ even when they have been classified
ithin the range of being normal according to routine stan-
ards in the laboratory. This was also found in a study by
hamsi et al. (3) that showed a difference in fertilization rate

fter IVF between a sperm motility of �50% and �30%–
50%, suggesting at least in part an andrological factor.
lso the study of Verheyen et al. (2) suggested a sperm

nfluence. There was a higher motility percentage in the
roup with fertilization after IVF than without fertilization
fter IVF. In addition Audibert et al. (12) suggested the
resence of undiscovered sperm abnormalities and Atiken
t al. (13) reported already in 1982 the weakness of conven-
ional criteria in semen analysis.

Another possible influence on the fertilization results
ight be factors within the oocyte. In this study, because

ibling oocytes were randomly assigned to either IVF or
CSI treatment, the only possible variation in oocyte quality
ust be between patients. Given the fertilization percentages

fter ICSI (between 48% and 60%), it appears that, if oocyte
uality is involved, ICSI can circumvent a possible defect in
he oocyte that may be responsible for the inability to be
ertilized in IVF. This is not in agreement with the results of
cohort study by Gabrielsen et al. (14) that compared the

ertilization and pregnancy rates after ICSI performed in

ase of severe oligoasthenozoospermia and in case of a

616 van der Westerlaken et al. ICSI for unexplained fertiliza
revious attempt with total fertilization failure with normal
perm parameters. They found a lower fertilization and preg-
ancy rate in the total fertilization failure group than in the
ndrological group after ICSI. Olds-Clarke (15) reported the
eed of both a certain velocity of the sperm and a certain
uality of the zona pellucida to enable sperm penetration.
lso the presence of many dead sperm cells might affect the
uality of the oocyte by causing oxidative stress. Whether
he failure to fertilize is caused by sperm factors or by oocyte
actors, or a combination of both, still needs to be elucidated.
owever, regardless of the possible cause ICSI seems to be
useful tool to avoid this unexplained fertilization failure.

From this study it may be concluded that performing
CSI on at least part of the oocytes will avoid unnecessary
otal fertilization failure both in patients with a history of
otal fertilization failure and in patients with a history of
ow fertilization. Because the contribution of IVF to the
otal of fertilized oocytes is very low it might be proposed
o treat all oocytes with ICSI. Regardless of whether the
ocytes have been treated with ICSI or IVF once being
ertilized oocytes seem to be very well capable of devel-
ping into embryos that are competent to establish ongo-
ng pregnancies.

cknowledgment: The authors thank Dr. Bart Mertens for his advice and
ontribution with regard to the statistical analysis.
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