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The achievement of pregnancies in vivo is rare in couples
where the male partner has defective sperm membranes
as shown by hypo-osmotic swelling (HOS) test scores of
<50%. However, there have been mixed reports on the
value of the HOS test in predicting outcome following in-
vitro fertilization; some studies suggest reduced fertilization
rates and others find little, if any, predictability of decreased
fertilization. The assumption has been made that fertiliza-
tion rates are proportional to pregnancy rates; however,
this may not necessarily be true since defective spermatozoa
could lead to a less viable pre-embryo and therefore a
decreased viable pregnancy rate. We performed a compar-
ative prospective study using matched controls to evaluate
fertilization rates and to determine subsequent pregnancy
rates. The mean HOS scores were 70.0 and 36.7% respect-
ively, with mean motile sperm concentrations of 35.7 and
34.010%m! in 27 matched pairs. There was no difference
in the mean number of oocytes retrieved, fertilization rates
or number of embryos transferred between the two groups
by HOS score. The clinical and viable pregnancy rates and
implantation rates were 25.9, 18.5 and 9.9% for normal
versus 3.7, 3.7 and 1.1% for subnormal groups, These data
suggest that low HOS scores may be associated with the
formation of defective embryos, leading to low pregnancy
rates but normal fertilization rates,
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Introduction

The hypo-osmotic swelling (HOS) test is a measurement of
the [unctional integrity of the sperm membrane. [t was modified
for human use in 1984 by Jeyendran er ql. There are data
suggesting that, when a patient has two HOS scores of <<50%,
in-vivo pregnancies are rare, even if other semen parameters
are normal (Check er al., 1989).

One of the first studies evaluating the correlation of the
HOS test with in-vitro fertilization (IVF) found that subnormal
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scores correlated with reduced fertilization rate following IVF
(Van der Ven et al., 1986). IVF was performed with washed
but unselected spermatozoa (i.e. no swim-up or Percoll discon-
tinuous gradients processing, etc.). Specifically, ejaculates
whose spermatozoa fertilized oocytes possessed at least 60%
HOS-reactive spermatozoa; however, no distinct cut-off values
were found for the more standard semen parameters (Van der
Ven et al., 1986).

Other researchers have also reported similar findings: Liu
et al. (1988) found the HOS score to average 65% in patients
with <<50% fertilization rate compared to 77% for those with
>50% fertilization rate. Takahashi ¢f af. (1990) found that the
HOS test showed a stronger correlation with IVF rates than
other semen parameters. However, many other studies do not
agree that the HOS score is that valuable in predicting
fertilization rates {Barratt er al., 1989; Sjoblum et al., 1989,
Avery et al., 1990; Chan et al., 1990).

All of these previous studies addressed the correlation of
poor HOS scores and fertilization rate, but none of them
evaluated their association with pregnancy rates. The study
presented herein prospectively evaluated the influence of
subnormal HOS scores not only on fertilization rates following
IVFE/embryo transfer but also pregnancy rates.

Materials and methods

Eligibility for participation in the study group required that,
prior to the IVF cycle, the male partner of a couple had had
two HOS tests that had <<50% tail swelling, and that his own
semen was being used for insemination for IVF/embryo
transfer. Furthermore, the couple could not be part of the
shared oocyte programme (Check er al, 1992b). Also, all
fermale patients were given the same ovarian stimulation
protocol, i.e. the 10 mg luteal phase leuprolide acetate —human
menopausal gonadotrophin stimulation regimen (Meldrum
et al., 1989), Once these criteria were mel, the male partner
was matched for control purposes with the first male registering
thereafter with the programme who had two normal HOS tests
{(=50%), was undergoing IVE/embryo transfer within the same
month, and had similar motile sperm concentration and normal
morphology scores. Similarity of motile concentration was
defined as being in the same range: =<5 10° motile spermato-
zoa/ml, between 5 and 10x]0° motile spermatozoa/ml,
between 10 and 15X 10° motile spermatozoa/ml, or >15X10%
motile spermatozoa/ml. Efforts were made when maiching
motile concentrations to choose similar sperm concentration
and percentage motility rather than matching an individual
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with a higher count but lower percentage motility with a
patient with lower count but better motility, Similarly, if normal
‘morphology was defined as being in the same range (<<4%,
4-14% or > 14%) though the group with >15x10%ml concen-
tration and >14% metility would have wide swings in motile
concentration, previous data have suggested that it would not
be warranted to subdivide this group any further since prognosis
is excellent once this level is achieved (Check er al., 1991,
1992a). Patients were excluded from the study if they had
positive antisperm antibodies =20% as determined by the
direct immunobead test,

The HOS test was performed by combining 0.1 ml of
ejaculate with 1.0 ml hypo-osmotic solution {fructose/sodium
citrate) following precisely the technique described by
Jeyendran er al. (1984). After incubation of the mixture for at
least 30 min at 37°C, 100 spermatozoa were observed with a
phase-contrast microscope for tail changes typical of a reaction
in the HOS test. The HOS tests were performed on unprepared
specimens during standard semen analysis.

The variables measured included number of oocytes
retrieved, fertilization rate, number of embryos transferred and
clinical and viable pregnancy rates. A clinical pregnancy was
defined as one in which a gestational sac was observed by
ultrasound. A viable pregnancy was defined as a pregnancy
that showed viability by sonography at the end of the first
trimester.

Statistical analysis included McNemar’s test for matched
proportions to compare pregnancy rates and paired r-test to
compare the mean number of oocytes retrieved, mean fertiliza-
tion rate and mean number of embryos {ransferred. All tests
were done at the P < 0.05 level of significance. A sample of
27 pairs had 80% power to detect a true difference of 30% in
the pregnancy rates between the two groups at the P < 0.05
level of significance and 80% power to detect a true difference
of 25% in pregnancy rate at the P << (.10 level of significance.

Results

Patients were enrolled in the study from January 1989 through
June 1994. Although 1270 couples underwent IVF/embryo
transfer without donor spermatozoa in our facility during this
period, only 27 couples met the eligibility requirements. Thus,
the prevalence of subnormal HOS i our IVF population
was 2.1%.

There were 27 matched pairs in this study. The mean age
+ SD of the female partners of males with low HOS scores
was 33.2 *+ 4.8 years, compared with 34.1 = 4.3 years for
the female partners of the control group. The mean motile
concentration was 35.7 + 35.3%10° motile spermatozoa/ml in
the group with normal HOS scores and 34.0 = 523x10°
motile spermatozoa/ml in the group with low HOS scores.
The mean normal morphology scores were 6.2 = 4.0 and 6.8
* 5.7% respectively. The mean HOS scores were 70.0 = 9.3
and 36.7 *£ 9.0% respectively.

A comparison of IVF outcome variables by HOS scores is
presented in Table [. There was no difference in the mean
number of oocyles retrieved, mean {ertilization rates or mean
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Table 1. Comparison of in-vitro fertilization outcome variables by hypo-
osmotic swelling (HOS) scores in 27 matched pairs

HOS subnovmal

HOS normal
Mean number of oocytes 110 =75 11274
retrieved
Mean fertilization rate of all 555 x 323 56.0 = 279
oocytes (%)
Mean nuinber of embryos 34 1.6 3515

transferred

Table 11. Clinical and viable pregnancy rates according to hypo-osmotic
swelling (HOS) scores in 27 matched pairs

No. treated No. clinical No. viable
pregnancies® pregnancies®
HOS =50% ) T (25.9%) 5 (18.5%)
HOS <50% 21 1 (3.7%) L (3.79%)

4P = 0.034, McNemar test.
bp = 0,10, McNemar test.

Table I1L. The fertilization and pregnancy rates for the HOS subgroups with
abnormal semen parameters in 27 matched pairs

HOS normal HOS subnormal
Motile sperm concentration <210
(n=3)
Fertilization rate (o) 33.6 = 30.6 354 = 26.8
Pregnancy rate (%) 0.0 0.0
Normal sperm morphology
(strict crileria <4%) (n = 9)
Fertilization rate (%) 571 £ 245 465 + 31.2
Pregnancy rate (%) 222 1.1
Sperm motility <<40% n= 6) (n=17)
Fertilization rate (%) 355278 58.0 + 33.6

Pregnancy rate (%) 16.7 143

Sperm count <20 X 10%m] (n="7) (n=4
Feriilization rate (%) 503 = 319 6F5 & 319
Pregnancy rate (%) 0.0 0.0

HOS = hypo-osmoiic swelling.

number of embryos transferred by HOS score (paired r-test,
P > 0.05).

There were seven (25.9%) clinical pregnancies in the normal
(=50%) HOS group and one (3.7%) clinical pregnancy in the
low {<:50%) HOS group (P = 0.034, McNemar test) as seen
in Table 1I. There were five (18.5%) viable pregnancies in the
normal HOS group and one (3.7%) viable pregnancy in the
low HOS group (P = 0.10, McNemar test) (see Table II). The
implantation rate was higher for the normal HOS group (9.9%,
nine of 92) than for the subnormal HOS group (1.1%, one
of 91) (P = 0.009, y*test). The fertilization and pregnancy
rates for the subgroups with abnormal semen parameters are
given in Table IIL.

Discussion

It is to be hoped that a simple test can be devised which can
be performed at the time of routine semen analysis, and that



when a subnormal result is obtained, a poor likelihood of
pregnancy can be predicted. There was some optimism that
the use of strict morphology might be that long sought after
test. One study found that when a high concentration of
spermatozoa was used for oocyte insemination normal fertiiiza-
tion rates were achieved; however, the pregnancy rates were
still poor (Ochninger er af, 1988). This same group, who
also reported very low IVF pregnancy rates with poor strict
morphology, recentty published data showing a 16.5% preg-
nancy raie when strict morphology was <4%, compared to
18.4% with morphology 4-14%, and 19.8% with morphology
>14% (differences not statistically significant) (Grow et al.,
1994), Even an in-vivo study did noi demonstrate ability to
predict poor pregnancy rates by reduced strict morphology
{Check et al., 1992a). Therefore, strict morphology does not
seem to be a highly specilic test to determine male subfertility.
Thus, the HOS test may be the only semen parameter available
at the time of initial semen anatysis which, when abnormal,
predicts reduced pregnancy rates even when fertilization rates
are normal.

The data presented herein are in agreement with those
studies that did not find the HOS score helpful in predicting
poor fertilization rates following IVF/embryo transfer. Interest-
ingly, despite the transfer of a mean number of 3.5 embryos
in patients with HOS scores <<50%, the clinical pregnancy
rate was only 3.7% and the viable pregnancy rate 3.7% per
transfer (as compared to 259 and [8.5% for patients with an
HOS score =50% with an average of 3.4 cmbryos transferred).
These dala are in agreement with another study involving
patients enrolled in the shared oocyte programme, thus elimin-
ating possible oocyte factor; clinical and viable pregnancy
rates for those paticnts with subnormal (<<50%) HOS scores
was one of 23 (4.3%) and none of 23 (0%) respectively,
compared 10 38 of 149 (25.5%) and 34 of 149 (22.8%) for
those with HOS scores #3509 (Check er al, 19944). These
data strongly suggest that pregnancy rates will be extremely
low tfollowing IVFE/embryo transfer if a patient has two
subncrmal HOS scores.

The prevalence of male partners that have two subnormal
HOS scores is low among couples undergoing [VE/embryo
transfer, but HOS testing does appear to be able o detect a
subfertile male who otherwise has normal semen paramelers.
It has been shown that there is little variation of HOS scores
between different ejaculates from the same individual and the
results remain stable over time (Shanis et al., 1992). In contrast
to the sperm count and motility, what needs to be determined
is how often male subfertiiity might be responsible for failure
to conceive despite adequate fertilization when the HOS score
is =50%. More claborate tests of sperm physiology may
prove effective in determining these cryptic subfertile sperm
specimens. Of course, subfertile spermatozoa could also be
responsible for failed or poor fertilization. Interestingly, one
study of failed fertilization using either donor spermatozoa or
donor oocytes in subsequent cycles concluded that defective
oocytes might be the more likely actiology for failed fertiliza-
tion (Coates ef al., 1992).

Some large series have been published in which IVF has
been considered as a treatment for male factor (Cohen ¢t al.,

Low HOS scores predict poor IVF pregnancy rates

19€5; Enginsu ef al, 1992; Ord er al., 1993). The advent
of micromanipulation techniques, e.g., subzonal insemination
(SUZI) (Cohen er al, 1991; Sakkas er al, 1992; Lipm
et al., 1993) and intracytoplasmic sperm injection (ICSI)
(Van Steirteghem er al., 1993a,b) have allowed tremendous
improvements in the achievement of successtul pregnancies
for severe male factor. These micromanipulation procedures
have allowed patients with severely oligoasthenoteratozoo-
spermic samples (<500 000) as well as males with previous
failed fertilization to achieve [ertilization and subsequent
pregnancies. However, the effect of the HOS score was not
assessed in any of these studies. Since the data presented
herein found no significant reduction in the fertilization rates
with HOS scores of <50%, but a very low pregnancy rate,
theoretically, micromanipulation procedures or non-micro-
manipulation enhancement techniques (Check er al., 1994b)
might similarly prove ineffective for improving pregnancy
rates for patients with subnormal HOS scores. Hopefully, these
data will encourage the programmes with the greatest siuccess
with micromanipulation to measure HOS scores so that they
can evaluate whether these therapeutic modalities are effective
for treating males with this defect.

It may prove that subnormal HOS scores are not indicative
of abnormal embryos produced by whichever spermatozoon
fertilizes the oocyte, but rather of some damage to the embryo
from defective spermatozoa leading to early demise of the
embryo. Some support for this concept has been provided by
Alvarez ef al. {1994), who found that processed spermatozoa
which did not retain 80% of their motility after incubation at
40°C for 4 h resulted in no pregnancies in 24 transfers,
compared to 11 pregnancies in 20 transfers (55%) for those
spermatozoa with >80% motility, and yet there was no
difference in fertilization rates. The possibility exists that some
males who produce spermatozoa that look normal, fertilize the
oocyte but form defective embryos, may produce normal
embryas by ICSI when fertilization is with only one spermato-
zoon and potential toxic sperm effects may be avoided.

We have frequently observed that males with antisperm
antibodies have poor HOS scores (one reason for exciuding
males with antisperm antibodies {rom the study reported here).
However, improved pregnancy rates and improved HOS
scores were achieved, despite failure to reduce antisperm
antibody concentrations, when the spermatozoa bound with
antisperm  antibodies  were treated with chymoirypsin-—
galactose (Bollendorf er al, 1994; Katsoff er al, 1994).
Recently, we found in a small sertes a 25% pregnancy rate
following intrauterine insemination of spermatozoa not bound
with antisperm antibodies with HOS scores <<50% when
treated with chymotrypsin— galactose.

References

Alvarez, .G, Minaretzis, D, Mortola, JLE and Thompson, LE. (1994}
Sperm stress test: a novel test that predicts pregnancy outcome in
assisted reproductive technologies (ART). 50th Annual Mecting of

the American Fertility Society, San Antonio, Texas, November 5-
10, 1994, Abstr. O-155, p. §76.

Avery, S., Bolten, UM. and Mason, B.A. (1990) An evaluation of

1159



J.H.Check et al.

the hypo-osmotic sperm swelling test as a predictor of fertilizing
capacity in vitro. Int. J. Androl., 13, 93-69.

Barratt, C.L.R., Osborn, J.C., Harrison, PE.. Monless, N., Duinphy,
B.C., Lenton, EA. and Codie, 1L.D. {1989) The hypoosmotic
swelling test and the sperm mucus penetration test in determining
fertilization of the human oocyte. flum. Reprod., 4, 430434,

Bollendorf, A., Check, I H , Katsoff, D, and Fedele, A. {1994) The
use of chymotrypsin—galactose to treat spermatozoa bound with
antisperm antibodies prior to intrauterine insemination. Hum.
Reprod., 9, 484438,

Chan, §.YW., Wang, C., Chan, $.T.H. and He, P.C. (1990) Differential
cvaluation of human sperm hypoosmotic swelling test and its
relationship with the outcome of in vitro fertilization of human
oocytes. Hum. Reprod., 5, 84-88.

Check, I.H., Epstein, R., Nowroozi, K., Shanis, B.S.. Wu, C.H. and
Bollendorf, A. {1989} The hypeosmotic swelling test as a useful
adjunct to the semen analysis to predict fertility polential. Fertil.
Steril., 52, 159-161.

Check, 1.H., Nowroozi, K. and Bollendorf, A. (1991) Correlation of
motile sperm density and subsequent pregnancy rates in infertile
couples. Arch. Androl., 27, 113-113.

Check, J.H., Adelson, H.G., Schubert, B. and Bollendorf, A. (1992a)
The evaluation of sperm morphology using Kruger's strict criteria.
Arch. Androl., 28, 15-17.

Check, J.H., Nowroozi, K., Chase. J., Narari, A. and Braithwaite,
C. (1992b) Comparison of pregnancy rates following in vitro
fertilization —embryo transfer between the donors and the recipicnts
in a donor oocyte program. J. Assisi. Reprod. Gener.. 9, 248-250.

Check, I.H.. Bollendorf, A., Callan, C., Hoover, L. and Luorie, D.
(1994a) The relationship ot strict morphclogy and the hypo-osmotic
swelling (HOS) test to fertihzation and pregnancy rates in a shared
oocyte program. 1994 Annual Meeting of the American Society of
Andrology, Springfield, Hlinoss, March 3-7, 1994, Abstr. 42, p. P-31.

Check, I.H., Hourani, C. and Goldsmith, G. (1994b) The use of
non-micromanipulation techniques for male factor and in vitro
fertilization outcome. In Tesarik, J. (ed.}. Male Factor In Human
Infertiliry. Ares-Serono Symposia Publications, Ttaly, p. 271,

Coates, T.E., Check, J.H., Choe, J., Nowroorzi, K., Lurie, D. and
Callan, C. (1992) An evaluation of couples with failure of
fertilization in vitro. Hum, Reprod., 7T, 978-981.

Cohen, J., Edwards, R., Fehilly, C., Fishel, S., Hewits, I., Purdy, I,
Rowland, G., Steptoe, P. and Webster, 1. (1985) In vitro fertilization:
a treatment for male infertility. Ferril. Steril., 43, 422431,

Cohen, I., Alikani, M., Malter, HE., Adler, A., Talansky, B.E. and
Rosenwuaks, Z. (1991) Partial zona dissection or subzonal sperm
insertion: microsurgical fertilization  alternatives based on
cvaluation of sperm and embryo morphology. Fertil. Steril.. 56,
696-706.

Enginsu, M.E., Pieters, M.H.E.C., Dumoulin, JC.M., Evers. J.L H.
and Geraedts, JPM. (1992} Male Factor as determinant of in vitro
fertilization outcome. Hum. Reprod., 7, 1136-1140.

Grow, D.R., Oehminger, S., Seltrnan, H.J., Toner, J.P, Swanson, R.J.,
Kruger, TF. and Muasher, 8.1, (1994) Sperm morphology as
diagnosed by strict criteria; probing the impact of teratozoospermia
on fertilization rate and pregnancy outcome in a large in vitro
population. Fertil. Steril., 62, 559-567.

Jevendran, R.S., Van der Ven, H H., Perez-Pelacz, B.G., Crabo, B.G.
and Zaneveld, LJ. (1984} Development of an assay 1o assess
the functional integrity of the human sperm membrane and its
relationship to other semen characteristics. J. Reprod. Ferril., 70,
219-228,

Katsoff, D., Check, J.H., Bollendosf, A. and Benfer, K. {1994)
Chymotrypsin-galactose treatment of sperm  with antisperm
antibodies results in improved pregnancy rates following in vitro
fertilization. Am. J. Reprod. Immunol., in press.

1200

Lippi, I, Mortimer, D. and Jansen, RPS. (1993) Sub-zonal
insemination for extreme male factor infertility. Hum. Reprod., 8,
908-915.

Ly, D.Y., DuPlessis, Y.P., Nayudu, PL., Johnston, W.LH and
Baker, HW.G. (1988) The use of in vitro fertilization to evaluate
putative tests of human sperm function. Fertil. Steril., 49, 272-277.

Meldrum, D.R., Wisot. A., Hamilton, F., Gutlay, A.L., Kempton, W.
and Huynh, D. (1989) Routine pituitary suppression with leuprolide
before ovarian stimuiation for cocyte retrieval. Fernl. Steril,, 51,
455-459.

Oechninger, S.. Acosta, R., Morshedi, M., Veeck, L.L., Swanson, R.J,,
Simmons, K. and Rosenwaks, Z. (1988) Corrective measures and
pregnancy outcome in in vitro fertilization in patients with severe
sperm morphology abnormalities. Fertil. Steril., 50, 283-287.

Ord, T., Patrizio. P., Balmaceda, J.P. and Asch, R.H. (1993} Can
severe male factor infertility be treated without micromanipulation.
Fertil. Steril., 60, 110-115.

Sakkas, D., Lacham, ., Gianaroli, L. and Trounson, A. (1992)
Subzonal sperm microinsemination in cases of severe male factor
infertility and repeated in vitro fertilization failure. Fertil. Steril.,
57, 1279-1288.

Shanis, B.S., Check, J.H., Bollendorf, A. and Lurie, D. (1992)
Stability of the hypo-osmotic swelling test over time. Arch. Androl.,
29, 263-266.

Sjoblum, P. and Coccia, E. (1989) On the diagnostic value of the
hypoosmotic sperm swelling test tn an in vitro fertilization program.
K In Vitro Fertil. Embryo Transfer, 6, 41-43.

Takahashi, K., Uchide, A. and Kitao, M. (1990) Hypoosmotic swelling
test of sperm. Arch. Androl., 25, 225-242.

Van der Ven, H.H., Jeyendran, R.S., Al-Hasani, S., Perez-Pelagz, M.,
Diedrich, K. and Zaneveld, J.D. (1986} Correlation between human
sperm swelling test in hypo-osmotic medium (hypo-esmotic
swelling test) and in vitro fertilization. J. Androl., 7, 190-196.

Van Steirteghem, A.C., Liu, J., Jons, H., Nagy, Z., Janssenwillen, C.,
Tournaye, H., Derde, M.-P., Van Assche, E.V. and Devroey, P.
{1993a) Higher success rate by intracytoplasmic sperm injection
than by subzonal insemination. Report of a second series of 300
consecutive treatment cycles. Hum. Reprod., 8, 1055-1060.

Van Steirteghem, A.C., Nagy, Z., Joris, H., Liu, J., Stacssen, C.,
Smitz, J., Wisanto, A. and Devroey, P. {1993b) High fertilization
and implantation rates after intracytoplasmic sperm injection. Hum.
Reprod., 8, 1061-1066.

Received on October 5, 1994, accepted on February 22, 1995



