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Purpose: This study sought (i) to investigate the relationship
between postwash total motile sperm count and postwash
percentage motile sperm in predicting successful intrauter-
ine insemination and (ii) to determine the minimal postwash
total motile sperm count required to achieve pregnancy with
intrauterine insemination.
Methods: Five hundred four women, who underwent 1636
intrauterine insemination cycles with their partner's sperm
for infertility treatment from 1993 through 1995, were
included in this retrospective study. All patient charts were
reviewed for age, infertility etiology, ovarian stimulation
regimens, semen characteristics, and treatment outcome. To
determine the relationship between total motile sperm count
and intrauterine insemination outcome, patients were
grouped as (1) less than 0.5 million, (2) 0.5 to 1 million,
(3) 1 to 5 million, (4) greater than 5 million, and (5) greater
than 20 million.
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Results: Similar live birth rates (per cycle) were seen among
the postwash total motile sperm count groups: group 1,
3.5%; group 2, 2.4%; group 3, 7.0%; group 4, 6.9%; and
group 5, 7.0% (P = 0.37). However, regardless of the post-
wash total motile sperm count, the postwash motility pre-
dicted intrauterine insemination success at a cutoff value
of 40%.
Conclusions: The percentage of postwash sperm motility,
and not the postwash total motile sperm count, can predict
successful intrauterine insemination outcome. Such informa-
tion can be useful in counseling patients regarding their
chance of success with intrauterine insemination and in
determining when alternate methods of assisted reproduction
may be a better approach.

KEY WORDS: male infertility; intrauterine insemination; sperm;
sperm motility; total motile sperm count.

INTRODUCTION

In the past decade intrauterine insemination (IUI) with
the partner's sperm has been increasingly used to treat
male-factor infertility as well as other infertility condi-
tions. The overall success of IUI in recent studies
ranges from 5.6 to 16.1% per cycle (1-4). A positive
correlation between the pregnancy rate and the total
number of motile sperm (total motile sperm count;
TMSC) inseminated has been found in some studies
(5-9), but others have reported no such correlation
(1,2,10-12). While, in theory, there must be a lower
limit to the TMSC, below which IUI is no longer
efficacious, it is unclear what this limit is and when



Journal of Assisted Reproduction and Genetics, Vol. 16, No. 9, 1999

MOTILE SPERM AND PREGNANCY RATES AFTER IUI 477

in vitro fertilization (IVF) should be advised. Some
clinicians have been counseling patients with a post-
wash total motile sperm count below 1 million, to
consider alternative therapies such as artificial insemi-
nation with frozen donor spermatozoa or IVF (5). No
lower limit for TMSC inseminated has been estab-
lished to date. Some investigators have found a positive
correlation between postwash sperm motility and preg-
nancy success (5,11,13).

Considering the costs and benefits of different meth-
ods of assisted reproduction, IUI is the least invasive
and, generally, the least expensive method (14,15).
Therefore, knowing which semen characteristics pre-
dict IUI success can help physicians counsel patients
concerning their chance for success with IUI versus
more invasive and expensive assisted reproductive pro-
cedures.

The goals of the present study were (a) to investigate
the relationship between postwash total motile sperm
count and postwash percentage motile sperm with suc-
cessful IUI (live birth rate) and (b) to determine if
there is a lower limit above which total motile sperm
count can predict IUI success.

MATERIALS AND METHODS

Study Design

The medical records of all women who underwent
IUI with their partners' sperm at The Cleveland Clinic
Foundation from January 1993 through December
1995 were reviewed in this retrospective study. These
were the first 3 years during which data collection at
our institution was standardized for the variables under
investigation. All couples with complete data recorded
were included for analysis. This study was approved
by the Institutional Review Board.

Patient Evaluation

All couples had at least 1 year of primary or second-
ary infertility with their present partner, and they had
completed a basic workup that included medical his-
tory, physical examination, and at least two semen
analyses. All patients had at least unilateral tubal pat-
ency as demonstrated by hysterosalpingogram, chro-
mopertubation at laparoscopy, or both. All patients
with suspected female-factor infertility, due to pelvic
disease (endometriosis, adhesions), were evaluated
laparoscopically. Ovulation was evaluated by basal
body temperature, mid-luteal phase progesterone, or

endometrium biopsy. Patients with and without ovarian
stimulation were included in this study. In patients
receiving human menopausal gonadotropin (hMG),
ovarian monitoring was performed by transvaginal
ultrasonography and serial estradiol (E2) determina-
tions. All patient charts were reviewed for age, infertil-
ity etiology, ovarian stimulation regimens, number of
treatment cycles, semen characteristics, and treatment
outcome. Patients were divided into five groups
according to their postwash TMSC: (1) < 0.5 X 106,
(2) 0.5-1 X 106. (3) 1-5 X 106, (4) >5 X 106, and
(5) >20 X 106. We selected these cutpoints based on
the findings from other studies (3,8,9,16).

Sperm Preparation

Semen was collected by masturbation after 2 to 3
days of sexual abstinence. After liquefaction, semen
analysis was performed by both manual and computer-
assisted semen analysis. Complex sperm motion char-
acteristics were assessed using a computer-assisted
semen analyzer (Motion Analysis VP-50; Motion
Analysis Corporation, Santa Rosa, CA). The Endtz
test (myeloperoxidase staining) was performed on all
specimens in which the undifferentiated round cell
concentration was greater than 1 X 106/ml to identify
the presence of granulocytes (17).

Specimens were prepared using PerWash (Irvine
Scientific, Santa Ana, CA), a suspension of coated
silica particles used to prepare a density gradient for
centrifugation. Aliquots (3 ml) of liquefied semen were
placed on the upper phase of the bilayered PerWash
in a sterile conical centrifuge tube. Specimens were
centrifuged for 20 min at 600g. The supernatant was
removed and the pellet was resuspended in 2 ml of
human tubal fluid (HTF) medium (Irvine Scientific,
Santa Ana, CA). The specimen was then centrifuged
for 7 min at 600g, following which the supernatant
was removed again. The final pellet was resuspended
in a volume of 0.4 ml HTF, and semen analysis was
performed. Prewash and postwash semen characteris-
tics analyzed included specimen volume, number of
leukocytes, sperm concentration, total sperm count,
total motile sperm count, and six sperm motion charac-
teristics (percentage motility, curvilinear velocity,
straight-line velocity, average path velocity, linearity,
and amplitude of lateral head movement).

Insemination Procedure

Intrauterine insemination was performed using a
flexible plastic catheter with the patient in the lithot-
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omy position under sterile conditions. Single insemina-
tion was performed in 1618 IUI cycles and double
insemination was performed on successive days in
18 cycles. Only clinical pregnancies were considered,
which were defined by visualization of the gestational
sac on vaginal ultrasonography. Successful pregnan-
cies were defined as live births.

Statistical Analysis

Variables associated with live births following IUI
were analyzed using repeated measures logistic regres-
sion with generalized estimating equation (GEE) tech-
niques. Cycles of IUI that failed to result in pregnancy
or that resulted in spontaneous abortions were consid-
ered unsuccessful. An initial (not including semen
characteristics) stepwise GEE analysis was performed
to determine which variables were significant risk fac-
tors for successful pregnancy. Semen characteristics
and the significant risk factors were included in this
analysis to determine its relationship to successful

pregnancy; in addition to "per-cycle" analyses, patients
were classified based on their average postwash per-
centage motility and postwash total motile sperm
count, and per-couple success rates were calculated
with Kaplan-Meier estimates. All summary statistics
are presented as mean ± standard error, and values
were considered statistically significant at P < 0.05.
All calculations were performed with SAS version 6.12
(SAS Institute, Cary, NC).

RESULTS

Five hundred thirty-three couples underwent 1728
IUI cycles using sperm from their partners. Of these,
we included 504 couples (1636 cycles) for analysis, as
we had a complete record of their data. These couples
underwent an average of 3.2 ± 0.1 cycles of IUI.
Pregnancy occurred in 132 patients (26.2%), and live
births in 104 (20.6%). The pregnancy and live birth
rates per cycle were 9.1 and 6.1%, respectively, for
the study population. Indications for IUI were male-
factor infertility in 245 cycles (15.0%); female-factor
infertility, which included cervical factor, pelvic dis-
ease (endometriosis, adhesions), and ovulatory dys-
function, in 901 cycles (55.1%); and idiopathic
infertility in 420 cycles (25.7%). The mean female age
was 37.6 ± 0.2 years, and ovarian stimulation was
used in 1108 (67.7%) cycles.

Table I compares clinical data between patients with
and patients without live births. In the successful preg-
nancy group, women were significantly younger (P =
0.02) and were more likely to have undergone ovarian
stimulation (P = 0.01). After adjusting for age and
ovarian stimulation, TMSC and percentage motile

Table II. Comparison of Total Motile Sperm Count and Percentage Motile Sperm Between Successful and Unsuccessful Pregnancy Groupsa

Characteristic

Ejaculated volume (ml)
Concentration (106/ml)
Prewash

Total sperm count (106)
Motility (%)

Postwash
Total sperm count (106)
Total motile sperm count (106)
Motility (%)

Patients with live births
(n = 104)

3.16 ± 0.22
55.26 ± 5.05

151.9 ± 17.3
55.6 ± 1.9

33.4 ± 4.3
28 ± 4

79.2 ± 1.5

Patients without live
births

(n = 400)

3.3 ± 0.2
54.3 ± 1.4

137.2 ± 3.5
54.2 ± 0.7

37.1 ± 1.3
29.7 ± 1 . 1

75 ± 0.6

Pb

0.82
0.92

0.42
0.45

0.33
0.37
0.02c

a Values are mean ± SE.
b Results from multivariate analyses when all significant variables are included.
c P < 0.05 was considered significant.
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Table I. Clinical Data in Patients with or Without Live Births
Undergoing Intrauterine Inseminationa

Variable

Age (mean yr ± SE)
Primary infertility
Ovarian stimulation
Diagnostic classification
Idiopathic
Male factor
Female factor

Patients with
live births
(n = 104)

36.8 ± 0.4
57.8
79

31.7
19.2
55.1

Patients without
live births
(n = 400)

37.8 ± 0.1
59.5
67

28.8
17.8
59.7

pb

0.02
0.09
0.01

0.61
0.67
0.36

a All data are expressed as a percentage unless otherwise indicated.
b P < 0.05 was considered significant.
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sperm were compared between successful and unsuc-
cessful pregnancy groups (Table II). The postwash
TMSC did not correlate with IUI success. Indeed, the
only significant predictor of IUI success (live births)
was a higher postwash sperm motility (P = 0.01). We
found no difference in successful pregnancy rates using
a cutoff of 20 million, 5 million, 1 million, or 0.5
million TMSC inseminated (Table III). Thus, patients
were analyzed in groups with postwash TMSC
between each of the original cutpoints, as follows: (1)
less than 0.5 million, (2) 0.5 to 1 million, (3) 1 to 5
million, (4) more than 5 million, and (5) more than
20 million. This showed no significant difference in
successful pregnancy rates among the groups (Table
IV). The lowest postwash TMSC resulting in a preg-
nancy was 0.4 million.

Figure 1 shows the distribution of successful preg-
nancy rates according to postwash motility. Of 89
patients with less than 40% postwash motility, only 1
patient (1.1%) had a successful pregnancy (with 39%
postwash motility); in contrast, 103 successful preg-
nancies occurred in 415 patients (24.8%) with greater
than 40% motility. The successful pregnancy rate per
cycle was 7% for inseminates with sperm motility
greater than 40%, whereas it was only 1% when motil-

Fig. 2. Relationship between postwash percentage motility and
successful pregnancy rate per cycle.

Fig. 1. Distribution of successful pregnancies according to post-
wash percentage motility and total motile sperm count. ( ) The
single successful pregnancy occurring with less than 40% motility.

ity was less than 40%. A postwash sperm motility of
>40% appeared to be a threshold for successful IUI,
and higher postwash percentage motilities did not sig-
nificantly increase the successful IUI rates (Fig. 2).

Figure 3 illustrates the per-couple success rates over
the first five cycles based on average postwash percent-
age motility. The couples with 0 to 20 and 20 to 40%
average postwash motility had less success during the
first five cycles than to those with greater than 40%.
No such trend was observed based on TMSC, for
example, the highest five-cycle success rate was
among the 0.5–1 million TMSC group (Fig. 4).

DISCUSSION

Intrauterine insemination with the partner's sperm
is used for a variety of indications, with varying preg-
nancy rates (1–4). After natural intercourse, a 5X to

Table HI. Comparison of Successful Pregnancy Rates at Different
Cutoff Values of Postwash Total Motile Sperm Count

Postwash
TMSC
group

>20 million
<20 million
>5 million
<5 million
>1 million
<1 million
>0.5 million
<0.5 million

Total number
of cycles

626
963

1254
382

1538
98

1579
57

Successful pregnancy
cycles (%)

47 (7%)
62 (6.4%)
86 (7%)
23 (6%)

106 (7%)
3 (3%)

107 (7%)
2 (4%)

Pa

0.93

0.62

0.17

0.43

a By the Wald chi-square test.

Table IV. Comparison of Successful Pregnancy Rates According
to the Postwash Total Motile Sperm Count

Postwash TMSC
group*

<0.5 X 106

0.5-1 X I06

1-5 X 106

>5 X 106

>20 X 106

Number of cycles
(n)

57
41

284
1254
626

Successful pregnancies,
n (rate/cycle)

2 (3.5%)
I (2.4%)

20 (7.0%)
86 (6.9%)
47 (7.0%)

* P = 0.37 comparing all five groups by GEE.
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Fig. 3. Kaplan-Meier estimates of per-couple cumulative success
rates based on average post wash percentage motility.

6X reduction in sperm number (from ejaculated to the
site of fertilization) occurs along the length of the
female reproductive tract (18). Consequently, the ratio-
nale for IUI therapy is to increase the gamete density
at the site of fertilization in order to increase the proba-
bility of pregnancy. Previous studies showed that preg-
nancy rates increase significantly as the total motile
sperm count increases, but reports of the cutoff value
below which IUI is no longer successful vary greatly
(5-9). Berg et al. (1997) showed that the total motile
sperm threshold necessary for conception after IUI
was 0.8 million (3). In contrast, Huang et al. (1996)
found that the success rate significantly increased when
the total motile sperm count was greater than 5 million
(9). Pregnancy rates were reported to improve signifi-
cantly when the total motile sperm count inseminated
was greater than 1 million, with optimal pregnancy
rates with insemination of more than 10 million (5).
Brash et al. (1994) also determined that the number
of conceptions increased as the total motile sperm
count increased, however, the relationship became sta-
tistically significant only when the TMSC exceeded
20 million sperm (8). Other authors, in a review study,
concluded that pregnancy was unlikely with insemina-
tion of fewer than 400,000 motile sperm and the opti-

Fig. 4. Kaplan-Meier estimates of per-couple cumulative success
rates based on postwash total motile sperm count.
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mal pregnancy rates occurred with insemination of 15
million motile sperm (16).

In the present study, after adjusting for all confound-
ing factors (age and ovarian stimulation), we investi-
gated the relationship of two postwash variables
(postwash total motile sperm count and percentage
motile sperm) to successful pregnancy rates with IUI
in 504 patients. Although there was a trend toward
increased successful pregnancy rates when the post-
wash TMSC was greater than 1 million (Table IV),
this relationship was not statistically significant. Fur-
thermore, there was no significant difference in suc-
cessful pregnancy rates even at 20 million sperm
inseminated. Therefore, we could not identify any cut-
off value for this sperm characteristic which could
predict successful pregnancy. A similar lack of signifi-
cant correlation between TMSC and pregnancy rate
was reported by others (1,2,10-12,19). Very low preg-
nancy rates have been reported following IUI when
fewer than 1 million TMSC were inseminated (20-23).
In our study, only three patients achieved pregnancy
with a postwash TMSC of < 1 million sperm, with the
lowest count being 0.4 million.

Our study had 90% power to detect whether patients
with a postwash TMSC of 20 million had 1.1 times
greater odds of IUI success than patients with less than
20 million and 90% power to detect if patients with a
postwash TMSC greater than 1 million had 3.3 times
greater odds of IUI success than those with less than 1
million. We found that the percentage postwash sperm
motility was a good predictor of successful pregnancy.
This is in agreement with others (5,11,13,24). In our
study, live birth rates increased significantly when the
postwash motility was greater than 40%, and only
one successful pregnancy occurred below this value.
Similar results were reported by Ombelet et al. (1996),
who found a pregnancy rate of 8.6% per cycle when
the postwash sperm motility was less than 40% and a
per-cycle pregnancy rate of 14.5% when the percentage
motility was greater than 40% (P < 0.05) (11). Arny
et al. (1987) found that after sperm preparation using
the swim-up method, only motility was a significant
marker for discriminating between patients who would
(post-swim-up motility, >78.7%) and patients who
would not (motility, <78.7%) conceive (24). Horvath
et al. (1989) demonstrated that pregnancy was unlikely
if there was less than 40% motility in the post-swim-
up specimen; among 42 pregnancies, only 2 occurred
with a post-swim-up motility of less than 40%. In their
study, however, sperm concentration (>1 million) and
total motile sperm count (1 to 10 million) correlated
more highly with cycle fecundity than post-swim-up
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percentage motility (5). Another study demonstrated
a clinical pregnancy rate of 13.4% per cycle when
the initial sperm motility was 30% or higher before
preparation, compared to a rate of 0% when the motil-
ity was lower than 30% (25). Other investigators, how-
ever, found no correlation between overall postwash
percentage motility and treatment outcome, but veloc-
ity and linearity were found to be correlated with IUI
outcome (19,26).

We observed a positive correlation between the post-
wash TMSC and successful pregnancy rates, but
TMSC failed to predict successful IUI outcome. How-
ever, a postwash percentage motility greater than 40%
was a good predictor of successful outcome. Of partic-
ular interest is that although the postwash total motile
sperm count did not correlate with successful preg-
nancy, the percentage of motile sperm did correlate.
Thus, even in the setting of a high postwash TMSC,
if the percentage of nonmotile sperm is greater than
the percentage of motile sperm, the live birth rate will
still be low. This may be due to the damaging effects
of oxygen free radicals released from these nonmotile
sperm, leukocytes, and immature germ cells. Numer-
ous studies have documented reactive oxygen species
production from sperm, with higher levels being pro-
duced from abnormal sperm (27,28). Improved sperm
processing techniques might increase fertilization or
pregnancy rates for couples with a poor postwash
motility (removing nonmotile and abnormal sperm),
and exogenous motility stimulants, such as pentoxifyl-
line, may also be of benefit in therapeutic semen pro-
cessing (29-31).

Some investigators have reported a correlation
between successful pregnancy and sperm morphology
alone or in combination with other sperm characteris-
tics (2,8,32,33). Burr et al. suggest that sperm morphol-
ogy rather than motility is a more sensitive guide to
IUI outcome and have found no correlation between
the number of spermatozoa inseminated and pregnancy
(2). A limitation of our retrospective study is that we
did not evaluate sperm morphology; it is possible that
the postwash TMSC in association with sperm mor-
phology could have significant power to predict
whether IUI will be successful. Further studies are
necessary to address this issue.

In conclusion, the percentage postwash motile
sperm can predict the success of IUI. Such data will
be useful in helping physicians counsel patients with
adequate postwash percentage motility (>40%) to pro-
ceed with IUI as the initial assisted reproductive proce-
dure, even with a low postwash total motile sperm
count.

Journal of Assisted Reproduction and Genetics, Vol. 16, No. 9, 1999

REFERENCES

1. Campana A, Sakkas D, Stalberg A, Bianchi PG, Comte I,
Pache T, Walker D: Intrauterine insemination: Evaluation of
the results according to the women's age, sperm quality, total
sperm count insemination and life table analysis. Hum
Reprod 1996; 11:732-736

2. Burr RW, Sieberg R, Flaherty, SP, Wang X, Matthews CD: The
influence of sperm morphology and the number of motile sperm
inseminated on the outcome of intrauterine insemination com-
bined with mild ovarian stimulation. Fertil Steril
1996;65:127-132

3. Berg U, Brucker C, Berg FD: Effect of motile sperm count
after swing-up on outcome of intrauterine insemination. Fertil
Steril 1997;67:747-750

4. Van der Westerlaken LA, Naaktgeboren N, Helmerhorst FM:
Evaluation of pregnancy rates after intrauterine insemination
according to indication, age, and sperm parameters. J Assist
Reprod Genet 1998;15:359-364

5. Horvath PM, Bohrer M, Shelden RM, Kemmann E: The rela-
tionship of sperm parameters to cycle fecundity in superovu-
lated women undergoing intrauterine insemination. Fertil
Steril 1989;52:2880-294

6. Dodson WC, Haney AF: Controlled ovarian hyperstimulation
and intrauterine insemination for treatment of infertility. Fertil
Steril 1991;55:457-467

7. Ho P, So W, Chan Y, Yeung WS: Intrauterine insemination
after ovarian stimulation as a treatment for subfertility because
of subnormal semen: A prospective randomized trial. Fertil
Steril 1992;58:995-999

8. Brasch JG, Rawlins R, Tarchala S, Radwanska E: The relation-
ship between total motile sperm count and the success of intra-
uterine insemination. Fertil Steril 1994;62:150-154

9. Huang H, Lee C, Lai Y, Chang M, Wang H, Chang S, Soong
Y: The impact of the total motile sperm count on the success
of intrauterine insemination with husband's spermatozoa. J
Assist Reprod Genet 1996; 13:56-63

10. DiMarzo SJ, Kennedy JF, Young PE, Hebert SA, Rosenberg
DC, Villanueva B: Effect of controlled ovarian hyperstimula-
tion on pregnancy rates after intrauterine insemination. Am J
Obstet Gynecol 1992;166:1607-1613

11. Ombelet W, Cox A, Janssen M, Vandeput H, Bosnians E:
Artificial insemination 2: using the husband's sperm. Human
spermatozoa in assisted reproduction. In Human Spermatozoa
in Assisted Reproduction, A Acosta, TF Kruger (eds). New
York, Parthenon, 1996, pp 399-412

12. Cressman BE, Pace-Owens S, Pliego JF, Wincek TJ, Kuehl
TJ: Effect of sperm dose on pregnancy rate from intrauterine
insemination: A retrospective analysis. Tex Med
1996;92:74-79

13. Tomlinson MJ, Amissah-ArthurJB,Thompson KA, Kasraie JL,
Bentick B: Prognostic indications for intrauterine insemination
(IUI): Statistical model for IUI success. Hum Reprod
1996;11:1892-1896

14. Comhaire F, Milingos S, Liapi A, Gordts S, Campo R, Depyp-
ere, Dhont M, Schoonjans F: The effective cumulative preg-
nancy rate of different modes of treatment of male infertility.
Andrologia 1995 ;27:217-221

15. Dodson WC: Is superovulation and intrauterine insemination
really an alternative to assisted reproductive technology? Semin
Reprod Endocrinol 1995;13:85-89



Journal of Assisted Reproduction and Genetics, Vol. 16, No. 9, 1999

482 PASQUALOTTO ET AL.

16. Keck C, Gerber-Schafer C, Wilhelm C, Vogelgesang D, Breck-
woldt M: Intrauterine insemination for treatment of male infer-
tility. Int J Androl 1997;20:55-64

17. Shekarriz M, Sharma RK, Thomas AJ Jr, Agarwal A: Positive
myeloperoxidase staining (Endtz test) as indicator of excessive
reactive oxygen species formation in semen. J Assist Reprod
Genet 1995;l2:70-74

18. Mortimer D, Templeton AA: Sperm transport in the human
female reproductive tract in relation to semen analysis charac-
teristics and time of ovulation. J Reprod Fert 1982;64:401-408

19. Shulman A, Hauser R, Lipitz S, Frenkel Y, Dor J, Bider D,
Mashiach S, Yogev L, Yavetz H: Sperm motility is a major
determinant of pregnancy outcome following intrauterine
insemination. J Assist Reprod Genet 1998;15:381-385

20. Kerin J, Byrd W: Supracervical placement of spermatozoa:
utility of intrauterine and tubal insemination. In Controversies
in Reproductive Endocrinology and Infertility, MR Soules
(eds). New York, Elsevier, 1989, pp 183-204

21. Tucker MJ, Wong CJY, Chang YM, Leong KH, Leung CKM:
Intrauterine insemination as frontline treatment for non-tubal
infertility. Asia Oceania. J Obstet Gynecol 1990;16:137-I43

22. Byrd W: Processing human semen for insemination: Compari-
son of methods. In Evaluation and Treatment of the Infertile
Male, GM Centola, KA Ginsburg (eds). New York, Cambridge
University Press, 1996, pp 39-107

23. Centola GM: Successful treatment of severe oligozoospermia
with sperm washing and intrauterine insemination. J Androl
1997;18:448-453

24. Arny M, Quagliarello J: Semen quality before and after pro-
cessing by a swim-up method: Relationship to outcome of
intrauterine insemination. Fertil Steril 1987;48:643-648

25. Dickey RP, Olar TT, Taylor SN, Curole DN, Rye PH, Matulich
EM: Relationship of follicle number, serum estradiol, and other
factors to birth rate and multiparity in human menopausal
gonadotropin-induced intrauterine insemination cycles. Fertil
Steril 1991:56:89-92

26. Ombelet W, Puttemans P, Bosnians E: Intrauterine insemina-
tion: A first-step procedure in the algorithm of male subfertility
treatment. Hum Reprod 1995; 10:1090-1102

27. Aitken RJ, Clarkson JS: Cellular basis of defective sperm func-
tion and its association with the genesis of reactive oxygen spe-
cies by human spermatozoa. J Reprod Fert 1987;81:459-469

28. Sharma RK, Agarwal A: Role of reactive oxygen species in
male infertility. Urology 1996;48:835-850

29. Yovich JM, Edirisinghie WR, Cummins JM, Yovich JL: Influ-
ence of pentoxifylline in severe male factor infertility. Fertil
Steril 1990;53:715-732

30. Brennan AP, Holden CA: Pentoxifylline-supplemented cryo-
protectant improves human sperm motility after cryopreserva-
tion. Hum Reprod 1995; 10:2308-2312

31. Sandro CE, Sharma RK, Thomas AJ, Agarwal A: Cryopreser-
vation of human spermatozoa with pentoxifylline improves
the post-thaw agonist-induced acrosome reaction rate. Hum
Reprod 1998; 13:3384-3389

32. Ombelet W, Vandeput H, Putte GV, Cox A, Janssen M, Jacobs
P, Bosnians E, Steeno O, Kruger T: Intrauterine insemination
after ovarian stimulation with clomiphene citrate: Predictive
potential of inseminating motile count and sperm morphology.
Hum Reprod 1997;12:1458-1463

33. Francavilla F, Romano R, Santucci R, Poccia G: Effect of
sperm morphology and motile sperm count on outcome of
intrauterine insemination in oligozoospemia and/or astheno-
zoospermia. Fertil Steril 1990;53:892-897


