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Objective: To determine whether the performance of intracytoplasmic sperm injection (ICSI) in cases of
unexplained infertility and of borderline semen parameters can prevent fertilization failure.

Design: Prospective cohort study.

Setting: Hospital-based assisted reproductive technology program.

Patient(s): Sixty couples with unexplained infertility (group 1) and 50 couples with borderline semen
(group 2).

Intervention(s): Conventional IVF and ICSI were performed on sibling oocyte cumulus complexes.

Main Outcome Measure(s): Rate of fertilization according to patient diagnosis.

Result(s): The fertilization rate per oocyte cumulus complex in couples with unexplained infertility (group
1) was significantly higher with ICSI (65.3%) compared with IVF insemination (48.1%). Fertilization rates per
OCC in couples with borderline semen (group 2) were not significantly different between ICSI (58.1%) and
IVF (56.7%). In group 1, failure of fertilization after IVF insemination occurred in 10 of the 60 couples
(16.7%) and in none with ICSI. In group 2, 2 of 50 couples (4.0%) failed fertilization by IVF, and 1 (2.0%)
failed with ICSI. No couple in group 2 failed both IVF insemination and ICSI.

Conclusion(s): In couples with unexplained infertility, a higher fertilization rate was achieved through ICSI
compared with conventional IVF. No such benefit could be demonstrated for couples with borderline semen
parameters. The use of ICSI rescued 12 of 110 cycles (10.9%) where IVF failed. Adoption of the ICSI–IVF
insemination split in cases of unexplained infertility may help eliminate fertilization failures. (Fertil Steril�
2002;77:229–32. ©2002 by American Society for Reproductive Medicine.)
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Unexplained infertility is not a clearly de-
fined clinical entity. Rather, it is a “wastebas-
ket” label marking all patients in whom routine
work-up has failed to reveal the etiology for
their conception failure. Surely the proportion
of patients who fall under this category, which
in many programs exceeds 50%, underscores
the disparity between the accelerated pace of
development of fertility therapy and the rela-
tively sluggish improvement in diagnostic
techniques. Male-factor infertility is a case in
point. Although multiple sperm function tests
have been advocated, none has been success-
fully implemented in clinical practice. Al-
though traditional semen analysis is still con-
sidered the gold standard, this undeservedly

time-honored test fails to predict fertilization in
vitro in many instances.

Two other reported phenomena further
complicate the issue. Pre–intracytoplasmic
sperm injection (ICSI) studies have shown that
previous IVF failures will result in normal fer-
tilization on a subsequent IVF cycle in about
80% of the cases (1, 2). This observation serves
to emphasize that not all fertilization failures
should be considered solid evidence of male
infertility. In many cases, cycle-specific, non-
repetitive variables, such as the oocyte cohort
and culture conditions, could account for such
failure.

Even more perplexing is the observation
that a small group of patients (6.6% 1-year
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cumulative pregnancy rate) with so-called male infertility
achieved a pregnancy in vivo while awaiting IVF (3).

The purpose of this study was to assess whether, in cases
of unexplained infertility and in cases of borderline semen
parameters, the performance of the IVF–ICSI split insemi-
nation method could diagnose occult male infertility, with
the additional benefit of rescuing some cases of unpredict-
able fertilization failures.

MATERIALS AND METHODS

Study Design
From January 1998 to March 30, 2001, 110 couples were

selected for this study. They included 60 couples diagnosed
as having unexplained infertility (group 1) and 50 with
borderline sperm (group 2). The diagnosis of unexplained
infertility was based on the following criteria: regular ovu-
latory cycles, a normal uterine cavity and patent fallopian
tubes, no clinical or sonographic evidence of endometriosis,
and normal semen parameters by World Health Organization
criteria (4).

Preliminary evaluation of the semen was conducted 2–4
weeks before an IVF cycle. Fresh semen specimens were
collected by masturbation after 2–3 days of abstinence and
allowed to liquefy for at least 20 minutes before analysis.
Semen analysis was performed to determine concentration,
motility, progression (4), and levels of anti-sperm antibodies
(5). Motile sperm were isolated by swim-up, and morpho-
logical assessments were performed (6).

Borderline semen was defined as having one or more of
the parameters between normal and abnormal values: count,
5–10 � 106 spermatozoa per milliliter; motility, 20%–30%;
normal morphology with normal acrosome, 5%–15%; ta-
pered forms, 20%–50%; and head-directed IgG or IgA im-
munobead binding, 20%–50%. Also, semen that showed a
poor yield of strongly progressive motile sperm after
swim-up was considered borderline. The diagnosis of bor-
derline sperm was made at the time of the preliminary
screen. In some instances, patients who were considered
normospermic based on the screen had borderline sperm
characteristics on the day of retrieval and were then entered
into the study.

Patients were entered into the study if six or more oocytes
surrounded by cumulus and corona (OCC) were retrieved.
Internal review board approval was not deemed necessary
for this study because ICSI is now a proven method for the
treatment of male-factor infertility. However, consent was
obtained from each couple after offering them the alternative
of having conventional IVF alone (with no ICSI). The pa-
tients were given comparative fertilization rates of IVF by
insemination versus ICSI in our program. Patients were
informed that fertilization failure was possible in both cases.

In Vitro Fertilization
All study patients were given the same ovarian stimula-

tion protocol. Ovarian stimulation was achieved with the use
of step-down protocols with hMG, either alone or in com-
bination with FSH after luteal-phase suppression by leupro-
lide acetate. hCG was administered when at least two folli-
cles reached an average diameter of 17 mm. Transvaginal
oocyte retrieval was performed 34 hours after hCG admin-
istration. OCC were placed in culture media. During the
�3-year study period, three different culture media were
used: P1 (Irvine Scientific, Santa Ana, CA), universal culture
media (Medicult Inc., Hopkinton, MA), and Human Tubal
Fluid (genX International Inc., Madison, CT). On the day of
retrieval, sperm characteristics were recorded. Motile sperm
were isolated by swim-up or minigradients, depending on
total sperm numbers. Aliquots of sperm were prepared as
described elsewhere (6), so that the final concentration for
insemination was 50,000 normal, motile sperm per milliliter.

Two to 3 hours after retrieval, inspection of the OCC for
maturity was carried out using Veeck’s standards for expan-
sion and radiance of the cumulus and corona (7). At this
assessment, OCC categorized as mature (which correlates to
metaphase II of maturation) were randomly divided for ICSI
and for IVF insemination. Those OCC for ICSI were de-
nuded with hyaluronidase (Medicult, Hopkinton, MA), and
only metaphase II (MII) oocytes were injected, as described
elsewhere (6). Sibling OCC were conventionally insemi-
nated. Sixteen to 18 hours later, the oocytes were inspected
for normal, two-pronuclear fertilization. In the group treated
by conventional insemination, oocytes found to be empty
zonae were excluded. The rate of fertilization was calculated
for the IVF- and the ICSI-treated OCC. For statistical anal-
ysis, the �2 test and McNemar’s paired analysis were ap-
plied. Statistical significance was defined as P�.05.

RESULTS

Group 1 consisted of 60 patients diagnosed with unex-
plained infertility. Their semen characteristics were consid-
ered normal in the preliminary screening and on analysis on
the day of oocyte retrieval. Oocytes surrounded by cumulus
or corona that were deemed mature by cumulus–corona
criteria were randomly divided for insemination by ICSI or
conventional IVF. In preparation for ICSI, the cumulus and
corona cells were removed from 421 OCC, yielding 390
(92.6%) MII oocytes, which underwent ICSI. Two-pro-
nuclear fertilization occurred in 275 of the MII oocytes,
giving a normal fertilization rate of 70.5% per oocyte. For
comparison between conventional IVF insemination and
ICSI, the rate of fertilization is expressed as the number of
normally fertilized oocytes per number of OCC (Table 1).
IVF insemination was performed on 449 sibling OCC. In
group 1, two-pronuclear fertilization occurred in 191
(70.2%) of the OCC that underwent ICSI and in 155 (50.3%)
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of the IVF-inseminated oocytes. Fertilization rate was sig-
nificantly higher with ICSI (�2 test, P�.001).

Group 2 consisted of 50 patients with borderline sperm
characteristics; in other words, an abnormality in one or
more parameters, detected in the preliminary screen or in the
analysis on the day of retrieval. Three hundred ninety-nine
OCC were denuded, yielding 357 MII oocytes (89.5%) on
which ICSI was performed. Normal fertilization occurred in
232 oocytes, a fertilization rate of 65.0% per oocyte and
58.1% per OCC. IVF was performed on 365 sibling OCC,
resulting in 232 with two-pronuclear fertilization, a fertili-
zation rate of 56.7% per OCC. There was no significant
difference in fertilization rate between IVF and ICSI in
couples with borderline sperm characteristics.

Complete fertilization failure occurred after conventional
IVF in 10 of 60 couples (16.7%) in group 1 and in 2 of 50
couples (4%) in group 2 (Table 2). There were no fertiliza-
tion failures with ICSI in group 1 and one case that failed
ICSI in group 2. In group 1, the fertilization failure after IVF
was significantly greater compared with the case in ICSI
(P�.002; McNemar’s paired analysis).

DISCUSSION

Intracytoplasmic sperm injection has evolved into the
mainstay technique for treating male-factor infertility in as-
sisted reproductive technology. However, unexpected total
failure of fertilization after conventional insemination in
cases in which semen parameters are deemed normal or
borderline by World Health Organization criteria is still
prevalent.

Two methods for treating such cases have yielded poor
outcomes. In recent years, many programs have replaced
reinsemination of unfertilized oocytes with the so-called
ICSI rescue procedure: performance of ICSI on the 2nd day
after retrieval, after the oocytes had been exposed to sper-
matozoa about 18 hours earlier. Although fertilization may
be achieved, serious concerns have been raised regarding the
legitimacy of this approach, given the increased theoretical
risk for genetic abnormalities (8).

Because the retroactive attempt to rescue cycles with
failed fertilization rarely works, a more proactive, prophy-
lactic approach may provide the cure for this persistent
“virus” so stubbornly infecting ART. The IVF–ICSI split
approach assumes that in cases of borderline semen param-
eters and even normal semen and unexplained infertility,
some cases will not fertilize by IVF.

In our current study, in 10.9% of cases, fertilization was
achieved only with ICSI, whereas all sibling oocytes con-
ventionally inseminated failed to fertilize. These cases may
not have progressed to transfer had the usual criteria for ICSI
been applied. In a study on a smaller group of patients by
Aboulghar et al. (9), failure to fertilize by IVF insemination,
coupled with a successful ICSI procedure, was observed in
22.7% of patients with unexplained infertility and in 45.8%
of borderline semen patients. In a more recent study from
Belgium (10), ICSI–IVF split on normospermic tubal factor
patients resulted in a 12.5% failed fertilization by IVF,
compared with a 3.6% failure with ICSI.

Our results document a higher fertilization rate with ICSI
compared with IVF, a difference that was statistically sig-
nificant (P�.001) only in patients with unexplained infertil-
ity. A similar trend was observed by Aboulghar et al. (9).
The fertilization data is expressed per OCC because oocytes
undergoing IVF may not be accurately considered mature (in
metaphase II) based on cumulus or corona appearance alone
(11), so that ill-timed insemination of immature oocytes may
be responsible for failed fertilization in at least a portion of
the that cohort. Pregnancy data are not presented here be-
cause our policy to transfer the best embryos by morpholog-
ical criteria resulted, in most cases, in transfers of a mixed
group of embryos, from both IVF insemination and ICSI.

On the basis of our findings, we do not suggest that cases
of borderline semen characteristics should be subjected to
ICSI. Our study shows that in all couples undergoing IVF
cycles and in whom the clear etiology of infertility has not

T A B L E 1

Fertilization in sibling oocytes treated by conventional IVF
or by ICSI in study groups.

Group IVF ICSI P valuea

Unexplained infertility (n � 60)
No. of OCC 449 421
No. of MII oocytes — 390
2PN/OCC (%) 48.1 65.3 �.001

Borderline sperm (n � 50)
No. of OCC 365 399
No. of MII oocytes — 357
2PN/OCC (%) 56.7 58.1 NS

NS � not significant; 2PN/OCC � two-pronuclear fertilization per oocyte
surrounded by cumulus and corona.
a According to �2 test.

Hershlag. IVF-ICSI split prevents fertilization failure. Fertil Steril 2002.

T A B L E 2

Fertilization failure after conventional IVF or by ICSI in
couples in study groups.

Group Failed IVF Failed ICSI P valueb

Unexplained infertility (n�60) 10 0 �.002
Borderline sperm (n � 50)a 2 1 NS

NS � not significant.
a No couple in this group failed to fertilize by both IVF and ICSI.
b McNemar’s paired analysis.

Hershlag. IVF-ICSI split prevents fertilization failure. Fertil Steril 2002.
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been established, the performance of ICSI on at least a
portion of OCC will minimize, if not eliminate, fertilization
failure. Despite the notion that failed fertilization after IVF
may be a cycle-specific, nonrepetitive occurrence, from a
practical standpoint, such cases should be treated in the
future as occult male-factor infertility.
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