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ABSTRACT

Purpose: We determined whether varicocele treatment before intrauterine insemination sig-
nificantly affects intrauterine insemination success rates.

Materials and Methods: A total of 58 infertile couples, of whom the women had normal
evaluations and men had abnormal semen analyses and a history of varicocele, were included in
this study. They were identified after reviewing the charts of all women undergoing intrauterine
insemination for male factor infertility at our center. Of the men 24 participated in 63 intra-
uterine insemination cycles without varicocele treatment, while in the remaining 34 varicocele
was treated before a total of 101 intrauterine insemination cycles. Variables associated with
pregnancy or live birth were analyzed using repeat measures logistic regression with generalized
estimating equation techniques. An initial stepwise generalized estimating equation was per-
formed without including varicocele treatment status. Subsequently varicocele treatment status
and the significant associated factors were included in analysis. The semen characteristics of
untreated and treated varicocele groups were compared with repeat measures analysis of
variance.

Results: On pre-wash semen analysis patients with untreated varicocele had significantly
higher mean motility plus or minus standard error than patients whose varicoceles were treated
(48.6% 6 2.3% versus 38.1% 6 1.8%, p 5 0.02). However, no statistically significant difference
was noted in the mean post-wash total motile sperm count in the treated and untreated groups
(7.2 6 1.0 versus 14.8 6 2.6, p 5 0.1). Despite these findings the pregnancy and live birth rates
per cycle were significantly higher in patients in whom varicocele was treated than in those
without varicocele treatment (11.8% versus 6.3%, p 5 0.04 and 11.8% versus 1.6%, p 5 0.007,
respectively).

Conclusions: Varicocele treatment may not improve semen characteristics in all men but it
appears to improve pregnancy and live birth rates among couples undergoing intrauterine
insemination for male factor infertility. A functional factor not measured on routine semen
analysis may affect pregnancy rates in this setting. Men should be screened for varicocele before
intrauterine insemination is initiated for male factor infertility.

KEY WORDS: varicocele; scrotum; infertility, male; insemination, artificial; semen

Of the estimated 4 million infertile American couples a
male factor diagnosis is implicated in approximately 45%.1

Semen analyses in the majority of these men find low sperm
density, motility and/or a percent of normal forms. When
evaluation of the female is normal, intrauterine insemination
is common for first line therapy in these couples. In theory
intrauterine insemination is successful for increasing preg-
nancy rates because it increases the concentration of motile
sperm in close proximity to the ova and bypasses the cervical
mucous barrier.2 This process has been refined in recent
years and yet overall per cycle success rates still vary con-
siderably from approximately 3.6% to 29.8%.3, 4

Previous studies have demonstrated that intrauterine in-
semination success rates improve with ovarian stimulation

and with good quality semen samples.5–7 Still few large stud-
ies have assessed patient and semen characteristics for pre-
dicting the intrauterine insemination outcome. To predict
which patients were most likely to benefit from intrauterine
insemination we recently reviewed the results of 1,728 con-
secutive cycles of intrauterine insemination in 533 women.6, 8

Of the 38 patient and semen variables examined the only
factors to impair significantly intrauterine insemination suc-
cess rates were female age greater than 37 years, a history of
female corrective pelvic surgery and a post-wash sperm mo-
tility of less than 40%. Because varicocele is often associated
with impaired sperm motility9 and varicocele treatment may
improve motility,10 we subsequently reviewed all charts of
men with varicocele who underwent intrauterine insemina-
tion with their partners. We determined whether varicocele
treatment significantly affected the intrauterine insemina-
tion outcome.

MATERIALS AND METHODS

Study design. This study was approved by the Institutional
Review Board. We studied 58 men with a history of varicocele
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who underwent 164 cycles of intrauterine insemination with
their female partners. These patients were identified by re-
viewing the records of all women who underwent intrauter-
ine insemination for male factor infertility, defined as at
least 1 abnormal semen characteristic, and identifying those
whose partners had a varicocele. Couples were excluded from
study when the female partner did not have normal evalua-
tions. Of the 58 men 24 participated in 63 cycles of intrauter-
ine insemination without varicocele treatment. In the re-
maining 34 men the varicoceles were treated before
undergoing 101 cycles of intrauterine insemination.

Varicocele diagnosis and treatment. The 24 patients with
untreated varicoceles and 34 treated for varicocele before
undergoing intrauterine insemination were evaluated and
treated by a single male infertility specialist (A. J. T.) at our
center. Varicocele was diagnosed by palpating the spermatic
cord with the patient standing and supine, and during the
Valsalva maneuver. Reflux of venous blood was confirmed
with Doppler ultrasonography using a CardioBeat Ultra-
sound Stethoscope (Medasonics, Fremont, California). Vari-
cocelectomy performed at our institution were accomplished
using an inguinal Ivanissevich or subinguinal microsurgical
approach.11, 12 In all cases all dilated venous channels were
ligated, while all arteries, lymphatic glands and vasa were
preserved.

Patient evaluation. All couples had a history of at least 1
year of primary or secondary infertility with the current
partner and had completed a basic evaluation that included
medical history, physical examination and at least 2 semen
analyses. All women had at least unilateral tubal patency, as
demonstrated by hysterosalpingogram, chromopertubation
at laparoscopy or each study. Women with suspected female
factor infertility due to pelvic disease (endometriosis or ad-
hesions) were evaluated via laparoscopy to rule out any fe-
male factors.

Ovulation was evaluated by baseline body temperature,
mid luteal phase progesterone or endometrium biopsy. Pa-
tients were included in the study whether or not they were
receiving ovarian stimulation. Those receiving human meno-
pausal gonadotropin were monitored with transvaginal ul-
trasonography and serial estradiol determinations. Patient
charts were reviewed for age, ovarian stimulation regimens,
number of treatment cycles, semen characteristics and treat-
ment outcomes.

Sperm preparation. Semen was collected by masturbation
after 2 to 3 days of sexual abstinence. After liquefaction
semen analysis was performed by manual and computer
assisted semen analysis using CASA Motion Analysis VP-50
(Motion Analysis Corporation, Santa Rosa, California). My-
eloperoxidase staining was done in all specimens in which
the undifferentiated round cell concentration was greater
than 1 3 106/ml. to identify leukocytes.

PerWash (Irvine Scientific, Santa Ana, California), a sus-
pension of coated silica particles, was used to prepare a
density gradient for centrifugation. Aliquots (3 ml.) of lique-
fied semen were placed on the upper phase of bi-layered
PerWash in a sterile conical centrifuge tube. Specimens were
centrifuged for 20 minutes at 600 3 gravity. The supernatant
was removed and the pellet was resuspended in 2 ml. of
human tubal fluid medium (Irvine Scientific). The specimen
was then centrifuged for 7 minutes at 600 3 gravity and the
supernatant was removed again. The final pellet was resus-
pended in a volume of 0.4 ml. human tubal fluid and
post-wash semen analysis was performed. Pre-wash and post-
wash semen characteristics reported include semen volume,
sperm concentration, total sperm count, percent motility,
total motile sperm count, percent with normal morphology by
WHO and Krugers criteria, and leukocyte number.

Insemination procedure. Intrauterine insemination was
performed under sterile conditions using a flexible plastic
Wallace catheter (Cooper Surgical, Shelton, Connecticut)

with the patient in the lithotomy position. We recorded only
clinical pregnancies, defined as a visible gestational sac on
vaginal ultrasonography. Successful pregnancies were de-
fined as live births. Cycles of intrauterine insemination that
failed to result in pregnancy or resulted in spontaneous abor-
tions were considered unsuccessful.

Statistical analysis. Semen characteristics in the un-
treated and treated varicocele groups were compared with
repeat measures analysis of variance using log transformed
variables for non-normally distributed variables. Variables
associated with pregnancies or live births after intrauterine
insemination were analyzed using repeat measures logistic
regression with generalized estimating equation techniques.
An initial stepwise generalized estimating equation not in-
cluding varicocele treatment status was performed to deter-
mine which variables were significant risk factors for suc-
cessful pregnancy. Varicocele treatment status and the
significant factors were then included in this analysis to
determine the relationship of varicocele treatment status
and successful pregnancy. All summary statistics are pre-
sented as the mean plus or minus standard error and values
were considered statistically significant at p ,0.05 using
2-tailed tests. All calculations were performed with SAS,
version 6.12 (SAS Institute, Cary, North Carolina).

RESULTS

Table 1 shows pre-wash and post-wash sperm characteris-
tics in the treated and untreated varicocele groups. On pre-
wash semen analysis percent motility was significantly
higher in untreated men (48.6% 6 2.3% versus 38.1% 6
1.8%, p 5 0.02). However, post-wash semen analyses demon-
strated no difference in motility in the 2 groups, whereas
post-wash straight line velocity, average path velocity and
linearity were significantly higher in the untreated group
(table 1).

A total of 24 men with untreated varicoceles underwent 63
cycles (mean 2.6 cycles per couple) of intrauterine insemina-
tion with their female partners. In the 34 men who had
varicocele treatment 101 cycles of intrauterine insemination
(mean 3 cycles per couple) were performed. No significant
differences were found in the treated and untreated men
regarding the use of clomiphene citrate (20.6% versus 20.8%,
p 5 1.00) or gonadotropin (32.4% versus 45.8%, p 5 0.30).
Statistical analysis with generalized estimating equation
showed that female pelvic surgery, lack of ovulatory stimu-
lation, older male age and untreated varicoceles lowered the
chance of intrauterine insemination success (table 2). After
controlling for these factors varicocele treatment was identi-
fied as an independent factor affecting intrauterine insemi-
nation success. The odds of a pregnancy were 4.4-fold higher
in the men with treated varicoceles than in those untreated
and the odds of successful live birth were 23.6-fold higher in
the treated group. In the untreated group pregnancy oc-
curred in 4 couples (16.7%) and resulted in 1 live birth (4.2%).
In the treated group there were 12 pregnancies (32.4%) and
12 live births (32.4%, p 5 0.01). The pregnancy and live birth
rates per cycle were also higher in the treated group (table 3).

DISCUSSION

Intrauterine insemination is performed for various indica-
tions with various pregnancy rates. After natural intercourse
sperm numbers decrease by a factor of 5 or 6 throughout the
length of the female reproductive tract.2 The rationale for
intrauterine insemination is to maximize gamete density at
the site of fertilization to increase the probability of pregnan-
cy.2 We previously reviewed part of our intrauterine insem-
ination database (533 women and 1,728 cycles) for 38 patient
and semen variables and found that female age greater than
37 years, a history of female corrective pelvic surgery and a
post-wash sperm motility of less than 40% significantly de-
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crease the likelihood of the success of intrauterine insemina-
tion.6, 8 Because impaired sperm motility is often associated
with varicocele9 and varicocele treatment may improve mo-
tility,10 we reviewed all charts of men with untreated and
treated varicoceles who underwent intrauterine insemina-
tion with their partners. Pregnancy and live birth rates were
significantly higher in men in whom varicoceles were treated
before intrauterine insemination.

The results of this study are based on 58 men participating
in a total of 164 intrauterine insemination cycles. Although
our sample size is more than adequate, the use of repeat
intrauterine insemination cycles further increased the power
of the statistical analyses. For instance, this study had 90%
power to detect increased odds of pregnancy of 4.2 and in-
creased odds of live birth of 10.6 in the treated group, which
are clinically meaningful treatment effects. The observed
increased odds of pregnancy of 4.4 and increased odds of live
births of 23.6 in our study exceeded this level.

Despite the increasing use of assisted reproductive tech-
niques for male factor infertility few studies have addressed
the specific usefulness of assisted reproductive techniques for
men with varicoceles. Marmar and Kim reviewed the results
of intrauterine insemination in 71 couples in whom the male
partner had an untreated or treated varicocele.13 All couples
had failed to initiate pregnancy by natural coitus for at least

8 months and abnormal female fertility evaluations were
distributed evenly in the groups of men. Routine semen anal-
ysis and sperm function testing by sperm penetration assay
were performed. The results demonstrated that intrauterine
insemination was beneficial only in couples in whom the
male partner had a sperm penetration assay score of higher
than 10%. Many men with abnormal sperm penetration as-
say results before varicocelectomy converted to normal sperm
penetration assay scores after varicocele treatment, although
Marmar et al did not directly compare intrauterine insemi-
nation success rates in untreated and treated patients with
varicocele.14 In addition, the study suffers from small group
size with 7 patients in the untreated and 16 in the treated
groups who underwent only a total of 14 and 37 cycles of
intrauterine insemination, respectively.

The benefit of varicocelectomy before in vitro fertilization
has been documented. Ashkenazi et al studied 12 couples
with an average of 15 unsuccessful in vitro fertilization cycles
in whom the husband had subfertile semen and varicocele.15

However, when in vitro fertilization was performed after
varicocele treatment, 20% of these couples achieved preg-
nancy. Similarly Yamamoto et al examined 13 couples with
normal female fertility but severe oligospermia and varico-
cele in the male.16 In vitro fertilization was unsuccessful
before varicocelectomy but for in vitro fertilization after var-
icocelectomy the pregnancy rate was 31%.

In our study the pregnancy and live birth rates were sig-
nificantly higher in treated men. Pre-wash sperm motility
was lower in treated men and yet post-wash total motile
sperm count was not significantly different in the 2 groups.
Selection bias may explain these findings. It is likely that in
our retrospective study men with a reasonably good or bor-
derline semen analysis were counseled to defer varicocele
treatment and proceed directly with intrauterine insemina-
tion. In contrast, men with more severe abnormalities on

TABLE 1. Pre-wash and post-wash semen analysis results in men with untreated and treated varicocele

Variable Mean Treated
6 SE

Mean Untreated
6 SE

Repeat Measures ANOVA p Value

Treated vs.
Untreated

Live Birth vs.
Unsuccessful

Pre-wash:
Vol. (ml.) 2.7 6 0.1 2.7 6 0.2 0.90 0.79
Sperm concentration (3 106/ml.) 25.1 6 2.0 33.9 6 3.1 0.33 0.44
Count (3 106) 60.4 6 5.5 84.4 6 10.2 0.17 0.34
% Motility 38.1 6 1.8 48.6 6 2.3 0.02 0.53
Curvilinear velocity (mm./sec.) 37.5 6 1.6 47.3 6 2.9 0.06 0.55
Straight line velocity (mm./sec.) 19.7 6 1.5 29.3 6 2.1 0.007 0.33
Av. path velocity (mm./sec.) 20.3 6 1.1 25.1 6 1.9 0.23 0.90
% Linearity 37.9 6 1.5 43.5 6 1.8 0.05 0.32
Lat. head displacement amplitude (mm./sec.) 3.4 6 0.2 4.0 6 0.2 0.17 0.88
% WHO normal forms 41.7 6 2.3 37.9 6 2.2 0.18 0.96
% Kruger normal forms 7.2 6 0.9 4.9 6 0.6 0.06 0.06

Post-wash:
Count (3 106) 10.8 6 1.3 21.0 6 4.9 0.14 0.96
Total motile sperm count (3 106) 7.2 6 1.0 14.8 6 2.6 0.10 0.72
% Motility 62.6 6 2.3 70.7 6 2.7 0.44 0.12
Undifferentiated round cell concentration (3 106) 1.6 6 0.2 1.4 6 0.4 0.85 0.92
Curvilinear velocity (mm./sec.) 64.0 6 1.8 68.7 6 3.4 0.88 0.18
Straight line velocity (mm./sec.) 24.7 6 1.6 38.7 6 3.1 0.007 0.62
Av. path velocity (mm./sec.) 30.4 6 1.2 43.8 6 2.3 0.004 0.78
% Linearity 37.9 6 1.5 43.5 6 1.8 0.04 0.32
Lat. head displacement amplitude (mm./sec.) 3.4 6 0.2 4.0 6 0.2 0.17 0.88

TABLE 2. Factors affecting intrauterine insemination success rate

Variable
Pregnancy Live Birth

Odds Ratio 95% CI Logistic Regression
p Value Odds Ratio 95% CI Logistic Regression

p Value

Varicocele treatment 4.4 1.1–17.8 0.04 23.6 2.3–237.5 0.007
Previous female pelvic surgery 4.1 1.1–13.5 0.03 5.5 0.9–34.8 0.07
Ovulatory stimulation 11.7 2.5–54.6 0.002 17.5 3.0–99.5 0.001
Male age (change in odds

based on 1-yr. change)
0.86 0.73–0.99 0.03 0.87 0.74–1.00 0.05

TABLE 3. Intrauterine insemination success rate for men with
untreated and treated varicocele, controlling for other factors

affecting success

Rate % Untreated % Treated p Value (logistic
regression)

Pregnancy/cycle 6.3 11.8 0.04
Live birth/cycle 2.1 11.8 0.007
Live birth/couple 4.2 32.4 0.001
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semen analysis were likely to undergo varicocelectomy before
intrauterine insemination. Although varicocelectomy may
have improved semen characteristics in the treated group, it
did not improve these characteristics to the baseline level of
patients deferring surgery.

Alternately a functional sperm factor or factors not meas-
ured on routine semen analysis may affect intrauterine in-
semination success in men with varicoceles. Our previous
study identified a post-wash motility of higher than 40% as
the only semen characteristic significantly affecting intra-
uterine insemination success rates.6, 8 In the current study
there was no significant difference in post-wash motility in
untreated and treated men and each group had a mean
post-wash motility of much higher than 40% (70.7% 6 2.7%
and 62.6% 6 2.3%, respectively, p 5 0.44). Nevertheless, the
treated group had much more success with intrauterine in-
semination. Others have suggested that another factor or
factors affect sperm function in this setting. Benoff et al
described a cohort of 27 normospermic men, including 7 with
varicoceles, for whom in vitro fertilization failed.17 Sperm
from patients with varicoceles had reduced ability to undergo
the acrosome reaction despite normal routine semen charac-
teristics. Subtle semen abnormalities in men with varicoceles
also have been reported by Hendin18 and Weese19 et al.
These groups independently reported that levels of reactive
oxygen species in fertile and infertile men with varicoceles
were higher than levels in normal controls. Elevated reactive
oxygen species and oxidative stress have been shown by
several others to be associated with decreased fertility.20, 21

Oxidative stress in these patients may not completely pre-
clude fertility or profoundly affect routine semen character-
istics but it almost certainly causes functional sperm dam-
age. Reactive oxygen species may also impair sperm-egg
interaction,21, 22 effectively decreasing pregnancy rates with-
out significantly altering routine semen characteristics.
Clearly further study is necessary and we are currently ex-
amining the effect of varicocelectomy on seminal reactive
oxygen species production and pregnancy.

CONCLUSIONS

In infertile couples undergoing intrauterine insemination
in whom the female evaluation is normal and the male has a
varicocele pregnancy and live birth rates are significantly
higher if the man has varicocele treatment. Even men with
subtly abnormal semen characteristics may benefit from var-
icocelectomy in this setting. A prospective, preferably ran-
domized study would further clarify the role of varicocelec-
tomy in intrauterine insemination. Finally additional study
is needed to help identify other factors not routinely meas-
ured by semen analysis that may affect intrauterine insem-
ination success rates. However, it is clear that evaluation of
the male partner remains an important component of the
treatment of infertile couples.
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