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Summary

Purpose: To review the elinical Importance of inclading the hypo-osmotic sweling (HOS) test in routine male fertility testing which
in general is not evaluated by most physicians dealing with inlertility. Materials and Methods: Pregrancy ratos were evalusted in pa-
ticnts with low 1TOS test scores. A low HOS (est was speeilically defined as having Tess than 50%, of sperm exhibiting the nermal phys-

iologic response of tail swelling, when subjecied to a hypo-osmol

ar solution. Pregnancy rates of patients with low HOS test were

examined after intercowrse, intrauterine insemination (1L, conventional cocyte insemination. and in vitro fertilization (IVF). Patients
with a low TT0S test were also reated with a protein digeslive enzyme chymotrypsin. Patients receiving intervention then underwent
ILUT IVF with conventional oocyte insemination. or [VF with intracytoplasmic sperm injection ( ICS1}). Pregnancy rates of the cohort re-

ceiving intervention were then examined for comparison. Resuffs:
invariably negutively effeets embryo implantalion. Treatmem witl
protein causing the embryo implantation delect, This toxic protei
another mode of therapy. Conclusions: The HOS abnormality may

I he TIOS test abnormality Ieads to normal fertlization but almost
Vehymetrypsin, or performing 1VF with ICS], can overcome the Loxic
nmay be ervolubile and freezing sperm or embryos may prove te b
be the most reliable semen abnormatity predicting failure 10 conceive

even with IVF unless the defeet is negated. Therupy is very cflective, Unforiunately this test is rarely ovaluated by most infertility spe-

cialists but it should be, The irequency increases with age.

Key wards: 1Iypo-osmotic swelling test: Semen anglysis; Bmbryo implantation defects; Chymotrypsin: Intracytoplasmic sperm injection,

Introduction

Typically, a normal semen anaiysis is able 1o provide in-
formation regarding the sperm concentration and motility,
Assuming normal quality of the mucous, at the proper Lime
in the cycle, the sperm is able to traverse the cervix, pro-
ceed into the uterine cavity, then out (o the [allopian tubes,
Approximately 50-80 million motile sperm typically start
along this trajectory. Only 400 will attach to the 7ong pel-
lucida. Finally, only one sperm will reach the aocyte,

It is generally assumed that if a semen specimen is ade-
quate to achieve fertilization, it is adequate or deemed a
normal semen analysis. 1lowever, most physicians dealing
with infertility do not measurc the hypo-osmotic swelling
{HOS) test. Sperm which exhibit an abnormal 1108 tost
may allow normal fertilization, and even normal cmbryo
cleavage and normal embryo morphology, however the re-
sult is still an extremely poor pregnancy rate. The suc-
ceeding pages will provide evidence-based data in support
ol this.
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History

The HOS test was historically designed [or bovine sperm,
however the test was modified for human sperm by Jeven-
dran ez al. {1-5]. The HOS test is based on osmosis. The gen-
eral principal of osmosis is that water will move from an
arez of high concentration to an area of low concentration,
Water will thercfore move from a hypotonic to a hypertonic
solution. The ITOS test places the hyperosmotic sperm in a
hypo-osmotic solution. The normal physiologic response
should be waler crossing into the sperm tail via active trans-
port. It the sperm membranc is Nunctioning normally, the
tail should swell duc to the transit of water into this regon.
Specific normal and abnormal values were developed by
Jeyendran et af. by evaluating the semen specimens [rom
fertile couples [5]. An abnormal value was established as <
50% tail swelling. Those with 50-359% of sperm with tail
swelling were determined 0 be in the gray zone, Sperim
membrane integrity is not only important for sperm metab-
olism, but it is also needed for other processes includin £ suc-
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cessful sperm capacitation, acrosome reaction, and binding
of the sperm to the cgg surface, Ievendran er of. theveforo
hypothesized that an abnormal 1ITOS test should detect male
subferulity [5].

Kvidence for subfertility in males with apparently nor-
mal semen analysis but low HOS test

The first study o evalvale the influence of a subnoermal
HOS test in women not undergoing in vitro fertilization
(IVF) was performed by Cheek et al |6]. This study cx-
amined the pregnancy rates in those with notmal semen pa-
rameters (motile density and morphology) vs. subnormal
semen parameters. Additionally this study examined the
pregnancy rates in those with HOS tests that were subnor-
mal vv. pormal, Those with HOS tests in the grey zone werc
included in (he normal group |6]. Results of this study
showed thal when semen parameters were normal and
when the HOS test was also normal, the pregnancy raie fol-
lowing normal intercourse was 89% (83/93). Tntercstingly,
even when semen parameters werc subnormal, (L.e. the
motile density and morphotogy werce abnormal), but the
HOS score was novmal, the pregnancy rate still remained
high; 83% (24/29) [6]. These dula suggested that the Lypi-
cal scmen analysis parameters ol motility, density, and mor-
phology werc not good predictors of male subfertility, since
those with both nermal and abnormal scmen parameters ap-
proached the same pregnancy rate. This fact was confirmed
by subscquent studies [7-10]. In contrast, males with nor-
mal sperm concentration and morphology, but HOS test
score < 50%, had no pregnancies (0/7) with intercourse
over cight months and those with subnormal standard
semen parameters and a low HOS test score (0/6) also had
no pregnancics |6]. The assumption made by us at that time
was this defect of the functional integrity of the sperm
membrane precluded normal fertilization lcading to mnfer-
tility. This was subsequently found not be true.

Effect of sperm with low ITOS test scores on in vitro fer-
tilization outcome

Prior to our publication in 1989 in Fertility and Sterility
[6], there was onc study that su ggested that there was a cor-
relation with reduced fertilization following IVF and low
TIOS scores [11]. As one frequently secs, once a given
study is published, there arc gencrally other studics sup-
porting these findings, but then laier others refute these
findings. Subsequently, onc needs a meta-analysis to re-
solve the difference. The following information is a sum-
mary of the data published on the HOS test. Liu ef ol in
1988 found the HOS score to average 63% in males with <
50% fertilization vs. 77% with = 50% [ 12]. Takahashi ef al.
in 1990 found that the HOS test showed a stronger corre-
lation with fertilization ratcs than other semen parameters
[13]. However, there were other, more convincing studies,

that found the HOS test not to correlate with TVF fertiliza-
tion rates including studies by Barratt ef af. (1989), Sjoblum
ef al. (1989), Avery et al. (1990), and Chan ef af. (1990)
[14-17].

Since our study in 1989 [6], later studies wcre pubiished
showing no correlation between fertilization rates in pa-
tients undergoing IVF and having a low T1OS test score.
However, this disparity is likely accounted for given the
fact that our study evaluated pregnancy rates following in-
tercourse, whereas the later studies studied fertilization
rates following IVF. Indeed, we also confirmed that low
LIOS test scores do not lower fertilization rates [18]. The
50.000 sperm added to the oocyte during 1VE (as opposed
1o the 400 sperm reaching the oocyte following intercourse)
could theorctically obviate the fortilization issuc by contact
with many more numbers of sperm. Thus, increasing the
pumber of sperm in contact with the zona pellucida that is
seent with conventional insemination could explain the rea-
son why intercoursc results m no pregnancies. but IVF al-
lowed reasonable lertilization rates in those with low HOS
scorcs. However. there was something suspicious about
these latter four publications [14-17] in that none of them
mentioned pregnancy rates. Thus, one other interpretation
of the finding of no pregnancics in 13 [emale partners of
males with HOS test scores <50% was (hat this defeet could
possibly allow pormal fertilization, but somchow may in-
terferc with embryo implantation. Jndeed our matched con-
trolied study also corroborating the inability of low HOS
scores to predict low fertilization rates, did, in fact. demon-
strate relatively very low pregnancy rates [18]. To confirm
these findings suggesting that sperm with a subnormal 1105
test could allow normal fertilization, but cause embryo im-
plantation defects, we decided to retrospectively evaluate
592 TVF-ET cycles using conventional oocyte msemina-
tion to compare fertitization rates and pregnancy rates n
males with low TIOS test, as compared to abnormalitics in
motile density and low strict morphology [19]. In addition,
this retrospective study also examined a new criteria that
had been established suggesting that morphelogy aia level
< 4% predicted failure to conceive by intercourse, in-
rrauterine insemination, and conventional IVF-CET [ 19]

For background information and to understand this study
belter, in 1989 Kruger ez «f. published their data suggesting
that using a new strict criteria for evaluating sperm mor-
phology that a level < 4% predicted failure to conceive by
intercourse, intrauterine insciination, and conventional
IVE-ET [20]. They cven suggested donor sperm 1o be used
with morphology = 4%! [20]. Even adjusting the sperm
concentration led to mproved fertilization rates, but low
pregnancy rates were still found 121, 22].

When all semen parameters were normal, except for
abnormal strict morphology at < 4%, we did not find any
predictability {actor Lor this new test ol morphology [23).
Thus, the retrospective study of 592 TVF-IET cveles was
aimed to not only corroborate or refute our finding with
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the marched controlled study that suggested a tow HOS
tesl score predicts poor embryo implantation rates, but
also (o determine the effeet of low sirict morphology on
pregnancy rales following IVF-LT [18, 19] compared 1o
cascs where all semen parameters were normal. The clin-
ical and live delivered pregnancy rates following con-
ventional cocyte insemination was 25.7% and 21.8%,
respectively, when all semen parameters were normal vs.
25.5% and 15.7% when motile density was subnormal .
44.4% and 38.9% with Jow strict morphology vs. (% and
0% with HOS test scores < 50%. Thus, we corroborated
our finding that sperm with low 1108 scores cause em-
bryo implantation defects, and confirmed that strict mor-
phology is a poor lest to detect male subfertility [197.

As mentioned, the aim of the matched controlled study
was Lo not only determine it sperm with low TIOS will re-
sult in normal or subnormal fertilization rates, bul more im-
portantly, the effect of low HOS test score on pregnancy
rates | 18], A five-vear prospective study was started from
1989 ending in 1994 [18]. There were 27 matched couples
reaching our cligibility criteria. For normal HOS (est
scares, the imean number of vocytes retrieved was 11.0 vs.
1'1.2 for subnormal scores. The mean fertilization rates were
very sunilar (533.5% vs. 56.0%) | 18]. Thus, our results sup-
ported the data of Barrait, Sjoblum, Avery, and Chan [14-
18]. These data strongly suggested that sperm with HOS
test scores < 30% are not a cause of poor feriilization or
poor embryo development but impairs fecundity by im-
pairing implantation since the group has a far lower preg-
nancy rate then controls with HOS scores > 50% | 18].

In the laic 1980s we did not use paid eocyte donors for
recipients in prematurce ovarian [aiture or advanced repro-
ductive age, but instead uscd half of the oocytes retrieved
from an infertile donor needing 'VF-ET in exchangc for
free medication and free 1VF (the cost paid by the recipi-
ent). This shared model seemed to be a naturally controlled
group 1o corroborate or refute the aforementioned study
suggesting low L1108 scores ied to embryo implantation de-
fects [24].

The qutcome of shared cocyte cvcles were determined
where both male partners had normal standard semen pa-
ramelers, but where one of the two parmers had a low [HOS
Lest score, while the other one was normal. This was a rot-
rospective study comparing donor vocyte recipient cycles
from 1991 to 1995 where normal standard male scmen pa-
rameters were found in both male pariners, but where one
of the two male partners had a low HOS test score [24].
The study was performed 1o evaluate whether low HOS
tests do not Impair IVF outcome, as suggested by the stud-
ies by Barratt, Sjoblum, Averym and Chan [14-17], and
their omission of pregnancy rates was merely reluted to the
fact (hat they were only interested on fertilization rates, or
were the pregnancy rales possibly purposely omitted be-
causc they were ecmbarrassingly low [14-17]7

[u this study of 22 donor oocyte recipient pairs, the mean

fertilization rate for normal vs. low HOS were similar
(67 2% vs. 60.9%) using conventional oocyte insemination
{20]. The 3.3 vs. 3.2 embrvos transferred had similar mor-
phology. However, whereas the pregnancy rate was 50% in
females whose male partners had HOS scores = 50%, it was
0% in those < 50% [24].

We thought that when we published our 1995 and 1996 ar-
ticles that we would peak the interest of inferrility specialists
who seemed to be nore influenced by the studies published
that showed that sperm with subnormal HOS test scores do
not necessarily cffcet fertilization rates, and therefore is a
worthless (est. not realizing the serious omission of preg-
nancy rates from these studies [14-19). We thought if we
could show, using a common pool of vocytes, that pregnancy
rates would be markedly reduced by one male partner with
sperm with g low HOS test score ve. another with normal
semen paramcters, despite normal fertilization rates, our con-
cept that some sperm abmormalities can cause embryo im-
plantation defecls would promote interest in either the
atorementioned authors (who had doubts about the impor-
tance of the HOS test} or other infertility specialists, 1o cor-
roborate or negale our claims. However no such studies have
been subscquently performed. It is evident from seanning (he
literature with computer scarches. attending infertility meet-
ings, and seeing a large varicty of infertile couples who had
previcusty consulted other inlertility specialists, that this sim-
ple, inexpensive, extremely important sperm test is ignored
by the large majority of the infertility specialists [25].

Stability of the subnormal HOS test over time

It is well known that some scmen characteristics can
chunge from sample to sample. This is especially true for
motile densilics. where some males who initially are found
10 have a subnormal motile density, can sometimes signif-
icantly improve the motile density in another speeimen
[10]. Even 25% of very normal sperm donors were found
to have a higher motile density in a sccond specimen ob-
tained within one hour [26]. This variation makes it difficult
lo interpret cfficacy of some treatments, e.g., varicocelee-
tomy, since il one sees improvement of motile density, it is
difficult to tell if it was merely fortuitous or related to sur-
gery [27].

In contrast to other semen parameters, the HOS (cst seems
to remain stable over time | 28]. In this study, 444 specimens
were frequently observed for over two years. There were 34
males that initially had a low HOS st score (7.7%) of =
50% [28]. Fifteen males (44%) never improved the score >
50% even once over a prolonged period of observation,
However, 19 males did improve at least once > 50%
(55.9%). Interestingly 12 of the 19 went from subnorinal
HOS test < 50% but just into the grey zone (50-59%). Six
ot the seven who went from TI0S test score < 50% to = 60%
may have had a false positive initial HOS test score related
to one of the factors discussed in the next section [28).
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‘There were 17 semen specimens that were initially = 50%
that changed to a low score when next tested. Four were in
the grey zone initially. All 17 that changed remained low on
subsequent testing [28].

Causes of falsely low HOS test scores

Plastic contuiners

Initially. semen specimens were cotlected in glass jars be-
causc it was realized that toxic factors from the plastic could
Icak tnto the semen specimen and adversely effect semen pa-
ramelers. It was shown that the HOS (est score is, in fact
lower in semen specimens collected in plastic vs. glass [29].
In fact, in the aforementioned study of 444 seimen specimens,
the mean HOS test score was 68.5 for the first two vears when
glass containers were usod, but dropped to 61.3 In the next
year when plastic containers were used [28]. Because glass
was expensive, the bottles were sterilized and re-used. How-
ever, with the concern for infection, a switch was made o dis-
posable plastic. The adverse effect on 1108 test is magnified
by prolonged exposure to plastic toxic factors.

An additional {actor that can affect the HOS test is the in-
terval between ejaculations. In the previous study, some of
the falsc scores thal were initially low wcere related to pro-
ducing the specimens al home with two hours or more inter-
vals before the sperm specimen was evaluated. Along interval
between ejaculation, e.g., > ten days can producc a [alsely
low HOS test score [30].

Effcet of freezing on HOS score

A study of seven males with initial semen specimens
showing 1308 test scores > 50% had the LIOS test repeated
afler freczing then thawing. Though there was good preser-
vation of the molile density, all seven had HOS test scores <
50% [31]. The fact that freczing effects the HOS test does
not have the same significance as when it occurs in the fresh
specimen, Fvidence will be provided in subsequent pages
that (he causative factor contributing to a low HOS test score
of fresh sperm is a toxic protein possibly acquired as the
sperm passes through the ejaculatory ducts. This toxic pro-
tein gets transferred 10 the oocyle membrane when the sperm
attach 1o the zona pellucida. The zona pellucida becomes in-
corporated into the embryo membrane. This toxic protein,
now having been incorporaied into the embryo membrane,
causes a fonctional impairment of the embryo membrane.
Subsequently, this defective embryo membrane leads to an
embryo implantation defect.

Since the frozen thawed sperm can still produce live preg-
nancies, it is suspected that freezing itself can damage the
functional iniegrity of the sperm membrane in more than half
the sperm membranes, but (hose not clfected, can produce
normal pregnancies (1.e., those sperm with freezing damage
if they attach to the zona pellucida do not have the associated
toxic protein and thus do not impair embrye implantation).

Additionally, the toxic protein may be cryolabile, and there-
fore, the freezing and thawing process may select for those
sperm without this protein. In the treatment section, we will
show that the toxic protein may be cryolabile, and freezing
can even be emploved as a freatment oplion.

Correlation with low HOS test scores and other semen
parameters

A study was performed evaluating single semen parame-
ier abnornialitics and presence of Tow HOS (est scores [32].
Males (n=212) with low concentration of sperm had a low
HOS test score in 1.9% of specinens. With aboormal strict
marphology = 5% (n=407}. low 11OS test scores were found
in 4.52% vs. 3.51% (n=57) for thosc < 2%. For presence of
antisperm antibodies > 50%, the trequency ol HOS test score
< 50% was 5.3%. The best correlation was witll lowcer per-
cent progressive motility. Using 50% as a cut-ofl’ (n=443),
the frequency of low HOS tests was 14.2%. This difference
was found to be significantly different when the 63/443
males with low II0S tests and motility < 50% were com-
pared to single defects combined (23/831) with chi-square
analysis showing p < (.0001 [32].

In fact, when percentage ol motility was < 40%, the fre-
guency of ITOS test scores << 50% was 25.8% (29/112). The
lower the percentage of motility, the greater the frequency
of TIOS test scores < 30: 24.1% for 30-39.9%, 30.0% for
20-29,9%, and 33.3 {or 0-19.9% [32].

Sperm with high DNA fragmentation indices are morce
likely to have subnormal HOS tests also [33]). Viability
(also called vitality) measures the structural integrity of the
sperm membrane. If a sperm membrane is structurally dam-
aged it will be fumctionally damaged also. We found that
the majorily of males with subnormal HOS test scores have
normal viability (vitality) (12.5%, 45/361) [34].

HOS test abnormalities increase with advancing age of
the male

It is quite clear that aging of the male is the most common
association with subnormal TIOS test scores [35]. In a study
of over 4,000 semen specimens, the frequency of subnor-
mal years was only 5.41% vs. 6.56% for males 30-34.9
years vs. $.00% for males 35-39.9 years, vs. 9.7% for malcs
40-44.9 years, vs. 12.9% Tor males 45-49.9 years vs. 25.1%
for males = age 50 [35]. In contrast,standard scmen pa-
rameters do not seem to change much with advancing age
of the male [36].

Treatment of sperm with HOS test scores <50% to im-

prove subfertility

Treatment with the protein digestive enzyme chymotrypsin
Sperm antibodies are a well known cause of male infer-

tility [37, 38]. In 1994, a method to improve pregnancy
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rates was described for those with sperm antibody associ-
ated infertility. This methed entailed first treating the sperm
with the protein digestive enzyme chymotrypsin (antibod-
ics are proteins} to render the antibodies biologically inac-
tive. This reaction was then stopped beflore the enzyme
damaged the sperm. Onee this process was completed, 111
was performed [39]. Subscquently, this method was also
found etfective for pretreating sperm with antisperm anii-
bodies prior 1o conventional oocyte inscmination during
IVF-ET [40].

As previously mentioned, we hiypothesized that there was
a toxie factor added to the sperm during the time they tra-
verse the ejaculatory ducts, causing the defect in the func-
tional integrity of the sperm membranc, as evidenced by a
low HOS test score. It seemed likely this toxie factor could
be proteinaccous in nature. Thus, we considered treatment
with chymotrypsin-galactose, similar to treating antisperm
antibodies. The first study reporting benefits of treatment
with chymotrypsin pricr to TUI compared 38 cycles of 1111
without enzymatic therapy vs. 12 cveles with chymotrypsin
galactose therapy in males with low HOS test scores. To be
sure the pregnancy was related to the [UT, they were ad-
vised 1o abstain from intercourse, but to keep the cjacula-
tory lime period for the specimen used tor IUL (o be < four
days. There were no pregnancies in 38 TUI cycles without
chymotrypsin treatment vs. four of 12 cycles where 1UI was
preceded by chymolrypsin therapy [41]. Subscquently, chy-
motrypsin galactose therapy was found to improve live de-
livered pregnancy rates using sperm with HOS test scores
= 50% when IVF-ET was performed using conventional
oocyte insemination [41, 42].

Becausc the infertility seems to be related o spam laden
with the foxic protein attaching to the zona pellucida, il is
important to emphasize the importance of avoiding unpro-
tected intercourse prior to the (Ul with chymotrypsin
treated sperm. A matched controlled swudy of 135 cycies of
IUT for decreased sperm concentration. matility, or mor-
phology was compared lo 135 cycles treated with chy-
motrypsin prior to UL for FIOS scores < 30%. The clinical
pregnancy rates (ultrasound evidence of pregnancy at eight
weeks) and live delivery rates for low 1108 scores werc
32.3% and 21.2%, respectively, vs. 21.9%, and 15.4% for
other sperm abnormalities [43]. This confirms the efficacy
of pretreatment of sperm with low HOS (est sceres prior to
[U1, and avoidance of unprotected intercourse, for treating
males with low HOS 1est scores [43].

Correction of subfertility related to a subnormal HOS
test by performing I'VF with intracytoplasmic sperm in-
jection (ICSI)

The first reported case of using LCSI for low HOS test
scores found two pregnancies in four IVF-ET cycles [41].
The rcason why ICSI should be effective, assuming the the-
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ory of the mechanism is correct, is that 1CS] overcomes (he
attachment of sperm with the toxic protein 10 the zona pel-
lucida, Subsequently, a series of publications demonstrated
the efficacy of ICS] for sperm with low HOS test scores
[44-47].

Naturally, IVF would be expeceted to achieve a higher
pregnaney rate per given cycle than JUL irrespective of the
reason for performing the IUT. For cycles where the male
partner had an TIOS score < 50%. there were eight suc-
cesslul conceptions in 60 women baving two TUTs (unless
pregnancy occurred on first cycle). This was a pregnancy
rate of 13.3% per patient. In conirast in one 1CSI cycle,
there were 794248 (31.8%) having had a successful con-
ception. Thus the pregnancy rate was 2.5-fold higher with
one IVFE with ICSI eyele vs. two TUI's with chymotrypsin
[48]. In contrast, when the initial HOS test score was < 39%,
there was only one pregnancy in 33 women having two 1UL
cycles (3.3%) vy, 34.4% (63/183) for one cvele of TVT with
ICST [48].

Evidence that ICSI completely overcomes the HOS de-
fect was demonstrated in a study comparing outcome in
donor-recipient pairs who were sharing the same pool of
oocyles where one male partner had a low HOS test score
and the other a normat value [49]. Tor low vs. normal TTOS
test scores, the fertilization rales were comparable 73.1%
vs. 65.8%, the clinical and live delivered pregnancies were
33.1% and 49.0% vs. 55.8% and 50.0%. The implantation
rates were 29.6% vs. 27.4% [49]. This is in sharp contrast
to the aforementioned study of donor-recipient pairs where
males with normal HOS achieved a 50% pregnancy rate
following conventional insemination technigue vs. no preg-
nancies with < 50% when conventional oocyte techniques
were uscd.

With the advent of ICST, fertilization and pregnancics
havce been achieved with sperm with such low motile den-
sities that fertilization in the conventional manner may not
have been possible. Similar pregnancies can be achieved
with testicular sperm or sperm coated with antisperm anti-
bodies that inhibit sperm from attaching to the zona pellu-
cida. However, if oocytes can be fertilized by conventional
oocyte insemination vs. 1CSI, the resulting embryos have a
greater chance of successful implantation and pregnancy
[50-52]. Thus, ICS1 should not be vsed routinely, not only
becausc the procedure may lower pregnancy rates, but be-
cause it also adds additional expense. Thus, most IVF cen-
ters will be performing conventional cocyte insemination
when semen parameters are normal in the first IVF cycle.
They will continue the policy cven if no pregnancy was
achieved in previous IV cycles when performing subse-
quent IVF cycles as long as the fertilization rate was good
with the production of embryos with good morphology.

One study evaluated the percentage of male partners with
low ITOS test scores who had normal standard semen pa-
rameters and whosc female partners were undergoing 1VF-
ET. There were 1,663 IVI-ET cvcles evaluated for females
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aged < 39 and 330 IVF-LT cycles in women aged 40-42.
Lower HOS test scores were found in 2.4% of the younger
group and 13.3% of the older group [53]. Thus about 13%
of these IVF-ET cyeles in the older group would have been
inseminated with the wrong method had we not checked
the HOS test [53]. '

Unlortunately, despite the litany of published articles re-
lated to the importance of the HOS abnormality, most 1V
centers and infertility specialisis never perform this simple
incxpensive test. This is the motivation for writing this cd-
itorial - 1o iry to re-kindle interest in this extremely impor-
tant test. For this editorial, we attempted to stay away from
ancedotal experience bul one anecdotal case (never re-
ported) will drive our point home, i.e., that this single in-
expensive test is generally ignored by the large majority of
infertility specialists and its avoidance can be very costly.

A couple with unexplained infertility who had failed to
conceive after seven IVE-ET cycles, and was 1n the midst
of controlled ovarian hyperstimulation for another INF-ET
eyele, consulted our group Loty 1VF eyele number 9 if they
failed again on number §, and to (ry to determine the rea-
son for their previous failures. The seven 1V] cycles and
the intention for number 8 was conventional oocyte in-
semination because the standard scmen parameters were
normal, the fertilization rate was quile good, and the re-
sulting embryos looked normal. However, the HOS test was
subnormal. We advised the couple not to blame their IVF
center for not performing the HOS test becausc for some
reason the majority of infertility specialisis ignore this test.
We assurcd them that performing 1CST should reverse their
poor fortune. They were told that they should just advise
their 1V1° doctor to perform 1CSL She called a couple days
later stating that her doctor “did not belicve in the test” and
insisted on doing conventional oocyte inscrnination for
number §, We told her to tell the doctor that unless [CSI
was performed, that she will come to our IVF center for
this IVF cycle. The other IVF center reluctantly agreed and
performed 1CST rather than lose their paticnt. She con-
ceived and delivered a healthy baby. Could we now counl
on this infertility group to add this test to their infernlity
investigation? No! A few years later a couple sought our
advice becausc of failing to conceive again with four [VE-
ET cycles with the aforementioned 1VF center. Again, a
low HOS test was found, Again they refused ICST! This
time she came to us instead, had a successiul fresh and sub-
scquent successful frozen embryo transfer cycle producing
two live babies.

Ay previously mentioned, the 1108 test abnormalsty in-
creases with advancing age [351. Intercstingly, based on
finding an increase of meiosis errors in sperm {rom malcs
= aged 50, onc group assumed that finding a 25% reduc-
tion in pregnancy rates using younger donor oocytes when
feriilized by males aged = 50 was related to the 25% in-
crease in sperm with chromosome abnormalities [54].
However, the IVF cenler reporting these data did not per-

form the HOS iest. In contrasi, we found no decrease in
live delivercd pregnancy rates using sperm from males =
aged 50 in a younger donor egg model, but we perform
ICSI for the 25% having low HOS tests [55]. Thus, our
data suggests that the 25% reduction is from not detecting
low HOS test scores, not from an increase in male aneu-
ploidy [54, 55].

Cryopreservation to overcome the HOS test abnormality

In our previous matched controlled study showing no ab-
normality of fertilization with low TIOS tests following
conventional cocyte insemination, but extremely poor preg-
nancy raies, there were frozen embryos lefl over from the
study [18]. We cvaluated 21 frozen embryo transfer cycles
in 14 patients that utilized extra cmbryos from the afore-
mentioned study [18, 56]. The study was published in 1996
so pregnancy raies were mlerior to those of today. There
were four pregnancics in 21 frozen LIy for arate of 19.0%
per cycle with an implantation rate of 7.1%. When com-
parcd to the frozen ETs from the males with normal HOS
tesis, the pregnancy rate in 12 patients undergoing 21
frozen ET cycles was 23.8% and the implantation rate was
9.3%, [56]. Thus, this study suggested that (he toxic sperm
factor may be cryolabile. However, because of the success
with treating sporm with chymotrypsin betore 1U1, and per-
forming 1CSI rather than convenlional oocyte inscmination,
and (he indifference to this test in other TVF centers. the
possibility of purposcly freezing the cmbryos formed from
sperm with low T10S test scores with subsequent transfers
of frozen-thawed cmbryos has not been performed.

For a period of time, for unknown reasons. the manufac-
turing of chymotrypsin was temporarily stopped. Thus.
some paticnts who preferred TUI with chymotrypsin-treated
sperm for {inancial rcasons, proceeded to IVE with 1CSL
Howcver, there were somne patients who asked if another
option can be tried with IUL Considering the possibility
that this toxic protein causing low HOS test scores may be
cryolabile (i.c., negating the toxic factor incorporated in the
embryo membrane and success with frozen ET), we offered
one couplc (o try to freeze the sperm and then perform IUL
The couple had failed (o conceive al another infertility cen-
ter following five cveles of IU1 and two cycles of IVF with
conventional cocyte msemination. For financial reasons,
she wanted to try chymotrypsin with TUL This treatment
did correct the HOS test from 32% 10 75-80%. She wanted
to do a fourth cycle, but the chymotrypsin was not avail-
able. and she could not allord IVF with ICST [57]. Follow-
ing insemination of cryoprescrved sperm, she concelved in
her first 1UT attempt. Unforfunately, she had a late first
trimester miscarriage (trisormy 14} [57]. Chymotrypsin be-
came available again and she conceived on her four chy-
motrypsin cycle. She delivered a live baby [57]. Though
the chytotrypsin treatment is a relatively simple procedure
and inexpensive (for description of technique sees refer-
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cnee 433, some centers may be uncomforiable trying chy-
motrypsin treatment and may prefer to try sperm cryop-
reservarion. _

It wornen have embryos that were fertilized convention-
ally, and subscquently find that the cocytes were fertilized
by sperm wilh low HOS test scores, they should consider
transferring the remaining frozen embryos rather than try-
ing another cycle of IVF with fertilization with 1CSL

Association of sperm with low HOS test scores and mis-
carriage

A priori, one might expect that if sperm with low HOS
test scores can cause an embryo implantation defect, that it
may nol only cause infertility, but be a causc of miscarriage.
Indeed, one of the early publications suggested that sperm
with low HOS test scores could be a cause of recusrent mis-
carriage [38]. Irom our own personal experience, & high
percentage of cases with a low 1TOS test score lead to fail-
ure te conceive. On oceaston, we find a rare casc thal sug-
gests that this defect can cause miscarriage. We had onc
unreported case of a couple whose [emale partner was a
primary aborter with four previous miscarriages. Under our
aggressive progesterone treatment she had two more. Her
husband itially refused to do a semen analysis. TTe was
subsequently found to have a Jow HOS test score, bul oth-
crwise normal semen parameters. With chymotrypsin pre-
treatment of sperm prior to 1UL, they delivered a healthy
baby. We evaluated that possibly the grey zonc scorc for
the HOS test (50-59%) can detect a milder group that may
be more prone to miscarriage. However, we could not find
any evidence that a sperm with an HOS test score in the
arey zone leads to miscarriage | 38-60].

Conclusions

In summary, the 1TOS test scores is an inexpensive and
crucial test to include in the male infertility workup. In the
past, studies have shown that the fertilization rates arc com-
parable in those with abnormal and normal TIOS test scores
and this has largely been the simulus for discounting the
HOS test as part of the male infertility workup. However,
these studics focused on fertilization rates and not implanta-
tion or pregnancy outcomes, Numerous smdies have since
been published indicating that those with low TIOS test
scores may mdeed have similar fertilization rates, however
they also routinely and reproducibly have decreased preg-
nancy oulcomes. We have proposed that the causative factor
contributing to a low HOS test score is a loxic proleit, pos-
gibly acquired as the sperm passes through the ¢jaculatory
ducts. When the sperm attaches to the zona pellucida, this
Loxic protein is subsequently transferred to the oocyte mem-
brane then becomes incomporated into the embryo membrane.
Once incorporated into the embryo membrane, it causes a
functional impairment ol the membrane resulting in embryo

implantarion defect. This defect may be easily comrected by
treating sperm with the protein digestive enzyme chy-
molrypsin. Pregnancy outcomes for those who underwent
treatment of sperm with chymotrypsin followed by TUT were
significantly improved. 1f chymoirypsin is not readily avail-
able, other methods of treatment are available. We have also
found that the wxic protein may be crvolabile and therefore,
the [reezing and thawing process selects for thosc spenm
witheout this toxic protein, and ultimately results m improved
pregnancy ouleomics. Furthermore, our studies also indicate
that TCSI 1s also an effective option for these patients. given
thal ICST overcomes the attachiment ot sperm with the toxic
protein to the zona pellucida. Unlortunately, despite the
plethora of published articles related to the importance of the
HOS abnormality, most IVF centers and infertility specialists

. never perform this simple inexpensive test
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