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ABSTRACT: The objective of this study was to determine the
clinical pregnancy rate with 2 inseminations compared to a single
intrauterine insemination (IUI) in a given cycle using frozen-thawed
donor sperm. This was a retrospective study at a university practice;
patients were women using donor sperm. We conducted a
comparison of single IUI, intracervical insemination (ICI) followed
by an IUI on the next day, and double IUI (2 consecutive days);
clinical pregnancy rate was the main outcome measure. The cycle-
specific and total pregnancy rates were not significantly different
between the 3 protocol groups (306 cycles). The average pregnancy
rate over 3 cycles was 10.2% for IUI, 15.3% for ICI/IUI, and 13.7%
for IUI/IUI (P 5 .47). After controlling for repeated measures per
subject and age, gravidity, and use of Clomid, there was no

significant difference between protocols. The ICI/IUI (odds ratio
[OR] 5 1.70; 95% confidence interval [CI], 0.83–3.51) and IUI/IUI
(OR 5 1.5; 95% CI, 0.52–4.33) protocols appeared more likely to
result in a clinical pregnancy than the single IUI protocol. Current
information on the optimal number of inseminations per cycle using
donor sperm is limited. Our large study using 3 protocols found an
increase in pregnancy rate with the addition of either an ICI or IUI to a
single IUI protocol in a natural or Clomid cycle but did not meet
statistical significance. Additional prospective studies are needed to
better counsel patients using donor sperm.
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Donor sperm insemination is the first line of
treatment for couples with an azoospermic male

partner, single women, and same-sex female couples. All
donor sperm samples are cryopreserved, allowing for
appropriate testing of the donors for infectious diseases.
Intrauterine insemination (IUI) or intracervical insem-
ination (ICI) of the frozen-thawed samples can then be
performed to achieve pregnancy. The ICI procedure is
less invasive, typically using unwashed sperm, and costs
less compared to the IUI procedure. A meta-analysis of
7 prospective randomized studies comparing single ICI
or IUI using frozen-thawed donor sperm showed that
IUI had a significantly higher monthly fecundity rate
(odds ratio [OR] 5 2.4; 95% confidence interval [CI],
1.5–3.8; Goldberg et al, 1999). These studies included
both natural cycles and treated (clomiphene or inject-
able gonadotropins) cycles. More recently, a Cochrane
systematic review reported significantly higher cumula-
tive pregnancy rates (OR 5 3.37; 95% CI, 1.9–5.96) and
live birth (OR 5 1.98; 95% CI, 1.02–3.86) after 6 treated

cycles of frozen-thawed donor sperm IUI compared to
ICI (Besselink et al, 2008).

Accurate timing of the insemination procedure to
coincide with ovulation is important when exposure to
sperm is limited to only the insemination procedure. To
overcome this limitation in a patient using donor sperm,
the number of inseminations per cycle can be increased
to include a combination of either ICI-IUI or IUI-IUI
on consecutive days. Most of the current data for the
optimal number of inseminations to be performed in a
cycle come from fresh partner insemination cycles rather
than donor cycles. In a meta-analysis of 6 randomized
studies of couples with unexplained infertility, double
inseminations within a cycle did not increase the odds of
clinical pregnancy compared to a single insemination
when using fresh sperm (Polyzos et al, 2010). In another
meta-analysis and systematic review including couples
with all causes of infertility, double inseminations of
fresh sperm resulted in significantly higher pregnancy
rates compared to single insemination (Cantineau et al,
2003). The outcomes of double vs single inseminations
in couples using fresh sperm, however, cannot be
applied to women using frozen-thawed donor sperm.
One reason is the inability to accurately control for the
actual number of inseminations per cycle in couples not
using donor sperm (usually instructed to have intercourse
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in the periovulatory period). Also, fresh donor sperm
insemination cycles have a significantly higher success
rate compared to frozen-thawed donor sperm insemina-
tion cycles (P , .001) (Botchan et al, 2001). These
differences in success rates may be related to different
postthaw characteristics of frozen sperm. The current
practice of using only quarantined donor sperm for
insemination necessitates further investigation of the
benefits of double inseminations.

Therefore, the question still remains: does the
addition of a second insemination within the same cycle
provide increased number of thawed sperm around the
periovulatory period to increase the pregnancy rates?
The literature that addresses this specific question in
donor sperm frozen-thawed insemination cycles is
limited and conflicting. A few studies using either
natural cycles or ovarian stimulation showed benefit
from double inseminations (Centola et al, 1990; Deary
et al, 1997; Matilsky et al, 1998) and 1 study did not
show any benefit (Khalifa et al, 1995). Two of these
studies, however, compared single vs double ICIs
(Centola et al, 1990; Deary et al, 1997). One prospective
study using frozen-thawed donor sperm demonstrated a
2-fold probability of conception over 15 cycles in
patients who received double IUI (Matilsky et al,
1998). At this time, there is evidence to support use of
single IUI rather than single ICI in women using frozen
donor sperm (Goldberg et al, 1999; Besselink et al,
2008); however, it remains unclear whether adding a
second ICI or IUI insemination in a given cycle will
increase the chance of pregnancy.

Determining the most cost-effective strategy for use of
donor sperm is necessary to maximize the likelihood of
pregnancy while limiting emotional and financial costs.
The cost of using donor sperm is infrequently covered
by health insurance plans in the United States.
Cryopreservation and thaw methods decrease sperm
motility and viability, requiring more treatment cycles to
achieve comparable success rates to cycles using fresh
sperm (Botchan et al, 2001). The primary aim of our
study was to determine the clinical pregnancy rate per
cycle in 3 frozen-thawed donor sperm insemination
protocols, namely single insemination with IUI, 2
inseminations with ICI followed by IUI the next day,
and 2 inseminations with IUI on consecutive days.

Materials and Methods

A retrospective cohort study was performed with institutional
review board approval. Women who had undergone frozen-
thawed donor sperm inseminations from 2000 to 2008 at Penn
Fertility Care, University of Pennsylvania, were identified
through the andrology database. Medical records were reviewed

and subjects were included if they had undergone donor sperm
inseminations without exposure to fresh sperm from another
source (single women, same-sex female partners, and azoosper-
mic males) and had complete records. Women had a
preliminary workup including endocrine hormone evaluation
and tubal patency testing prior to starting inseminations. Both
stimulated (clomiphene citrate) and nonstimulated (natural)
cycles were included. The first line of treatment was generally
nonstimulated cycles in younger subjects and stimulated cycles
in older subjects. Single inseminations were performed on the
day after the luteinizing hormone (LH) surge was first detected,
whereas double inseminations included an insemination on the
day the LH surge was detected and on the following day. In the
few instances when patients were unable to detect an LH surge,
ultrasound monitoring was performed. The thawed sperm were
inseminated in the cervix using a Soft Pass insemination catheter
(Cook, Bloomington, Indiana) and in the uterus using an
Insemi-Cath catheter (Cook). Subjects were asked to remain
supine for 10–15 minutes after the insemination procedure.
Abstracted data were limited to each woman’s first 3

insemination cycles because previous studies have indicated that
the chance of achieving a pregnancy during the first 3 cycles is
similar to and higher than in subsequent cycles (Aboulghar et al,
2001). The primary outcome of interest was clinical pregnancy,
defined as an intrauterine gestational sac seen on ultrasound
examination. Patient demographics, cause of infertility, and
treatment cycle parameters were abstracted frommedical records
and entered into an electronic database. During a patient’s initial
evaluation, the treatment plan for 1 or 2 inseminations was
presented to all patients, and the choice of protocol was based on
treatment costs, time commitment for repeated inseminations in 1
cycle, and patient preference. Patients were counseled that there
were no clear data to suggest a difference in success rates between
these protocols when using frozen sperm.
Treatment cycle parameters included cycle number and

protocol type used in that specific cycle. The protocol types
were 1) 1 IUI, 2) ICI followed by IUI, and 3) IUI followed by
another IUI in a given cycle. The specific protocol selected for
a particular cycle was the exposure of interest, and each
protocol was compared with the other 2 protocols. In addition,
the analysis included the cycle number, that is, whether the
protocol was performed in a given patient’s first, second, or
third cycle attempt. Because each woman could have
undergone a different combination of protocols over their
first 3 cycles, we compared the specific treatment protocols (ie,
all IUI cycles were compared with all ICI/IUI cycles and with
all IUI/IUI cycles). Given this design, it is not possible to
compute cumulative pregnancy rates per woman per protocol
because some subjects switched from one treatment to another
in subsequent cycles. Therefore, we utilized an analytic method
that allowed us to evaluate cycle-specific success for each
treatment, which is then averaged over the 3 observed cycles.
We did not exclude patients based on the ovarian

stimulation protocol or presence of an infertility diagnosis to
allow wider applicability of our results. We used regression
analysis to control for covariates such as use of Clomid and
presence of infertility diagnosis in addition to controlling for
multiple cycles per subject.
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Statistical analysis was performed with STATA v. 10 (College
Station, Texas). The Kruskal-Wallis test for continuous variables
and the x2 test for categorical variables were used to compare
baseline demographics between the 3 protocols. Pairwise
comparisons between specific protocols were performed using
Mann-Whitney and x2 tests when indicated. Cycle-specific
pregnancy rates between the protocols were compared using
the x2 test of proportions, given that data from each cycle are
independent. We also fit a generalized linear regression model
using the generalized estimating equation (GEE) framework
(Zeger and Liang, 1986) to evaluate covariates in the multivar-
iable model, allowing us to simultaneously evaluate multiple
cycles per subject yet also to estimate and adjust the statistical
tests of significance to control for the correlation in responses
induced by multiple cycles contributed from each subject. This
extension of multivariable logistic regression also allows for the
control of confounding covariates of interest such as use of
Clomid and presence of infertility diagnosis, in addition to
controlling for multiple cycles per subject. Our prestudy power
calculation indicated that we needed 118 cycles in each protocol
group to find a 2-fold difference between groups with 80%
statistical power. A doubling of the pregnancy rate was assumed
clinically important, given that the cost of 2 IUIs within a cycle is
comparable to that of performing a single IUI in 2 consecutive
cycles.

Results

We identified a total of 333 donor insemination cycles
(limited to the first 3 cycles) in 156 women. Twenty-

seven cycles from 9 women were excluded, as they had
undergone a single ICI or had been treated with
injectable gonadotropins. The final dataset included
306 cycles from 145 patients: 137 cycles with single IUI,
118 cycles with double insemination consisting of ICI on
one day followed by an IUI on the next day (ICI/IUI),
and 51 cycles with double insemination consisting of IUI
on one day followed by an IUI on the next day (IUI/
IUI). The 145 women included in this study could have
undergone the same or a different protocol in subse-
quent cycle attempts. The majority of women (86/145)
experienced only 1 protocol type (35 women underwent
IUI, 37 had ICI/IUI, and 14 had IUI/IUI). The
remaining 59 women underwent some combination of
the 3 different protocols. There were no significant
differences in mean age or mean number of cycles
between protocol groups (Table 1). However, infertility
diagnosis and sperm parameters were significantly
different in the ICI/IUI vs the single IUI protocols.

The unadjusted cycle-specific and total pregnancy
rates were not significantly different between the
treatment protocols (Table 2). When the analysis was
limited to the same cycle number, that is, first, second,
or third, there were no significant differences in
pregnancy rates between protocols. The total success
rates after 3 cycles were 10.2% for single IUI, 15.3% for
ICI/IUI, and 13.7% for IUI/IUI (P 5 .47). In addition,
within a particular treatment arm, there were no
significant differences in pregnancy rates regardless of

Table 1. Demographics and treatment parameters of patients included in the 3 insemination protocolsa

IUI ICI/IUI IUI/IUI

No. of cycles 137 118 51
No. of cycles, mean 6 SD 2.6 6 0.7 2.6 6 0.7 2.6 6 0.7
Age, y, mean 6 SD 36 6 4.7 35.8 6 4.1 36.6 6 4.3
Infertility diagnosis (PCOS, endometriosis, tubal factor, or DOR), No. (%) 51 (37) 27 (23)b 16 (31.4)
Prior gravidity, No. (%) 22 (15) 20 (16) 15 (29)
Sperm motility, %, mean 6 SD 41.8 6 11 44.3 6 7.4b 44.0 6 11.9
Sperm count, 106/mL, mean 6 SD 54.7 6 24.5 59.6 6 18b 60.7 6 24.9
Ovarian stimulation (Clomid), No. (%) 77 (57) 53 (46) 22 (45)

Abbreviations: DOR, diminished ovarian reserve; ICI, intracervical insemination; IUI, intrauterine insemination; PCOS, polycystic ovary
syndrome.
a Comparisons made using Pearson Chi-square or Wilcoxon rank-sum as appropriate.
b P , .05 compared to IUI group.

Table 2. Per-cycle and total pregnancy rates using frozen-thawed donor sperm for inseminations. P values compared rates
between all 3 groupsa

IUI ICI/IUI IUI/IUI P Value

No. of cycles 137 118 51
Cycle 1, No. (%) 8/58 (13.8) 11/50 (22) 3/23 (13.0) .455
Cycle 2, No. (%) 4/47 (8.5) 5/39 (12.8) 3/9 (33.3) .121
Cycle 3, No. (%) 2/32 (6.3) 2/29 (6.9) 1/19 (5.3) .974
Cycle totals, No. (%) 14/137 (10.2) 18/118 (15.3) 7/51 (13.7) .473

Abbreviations: ICI, intracervical insemination; IUI, intrauterine insemination.
a Comparisons made using Pearson Chi-square.
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whether it was the first, second, or third attempt. The
unusually high success rate in the double IUI protocol in
cycle 2 (33.3%) is likely due to the very small number of
subjects (n 5 9) in this protocol group for this cycle.

Given that subjects did not have the same treatment
in each cycle, we have also represented our observed
data as a standard analysis, that is, we calculated the
estimated cumulative pregnancy rates as if each woman
had stayed in the same treatment protocol for all her
cycles (Table 3). These calculations used the total cycle
pregnancy rate from Table 2 as our estimated proba-
bility of success for a given protocol, and cumulative
success rates were then estimated considering events
were independent. This estimation allowed us to
compare the 3 protocols over different numbers of
cycles. The success rate for the first cycle of 2 IUIs
would have been 13.7%, whereas the cumulative success
rate for 2 cycles using a single IUI is estimated to be 19%
(Table 3). Two successive cycles with the 2-IUI protocol
would have resulted in a cumulative success rate of
25.5%, whereas we would anticipate that if a subject had
4 cycles with a single IUI in each then the cumulative
success rate would be 34.7%.

The ORs and 95% CIs were determined with the use
of logistic regression utilizing the GEE in order to
control for potential covariate differences between
protocol groups and account for potential correlation
in repeated cycles by individual women (Table 4). The
GEE is a well-validated method that allows us to
evaluate outcomes by making protocol type (treatment
group) our independent variable and pregnancy rate
(outcome) our dependent variable. Therefore, when
analysis is limited to the first 3 cycle attempts, each cycle
represents its own independent event that is not
statistically dependent upon the outcome of the previous

or subsequent cycles. When controlling for repeated
cycles per subject, ICI/IUI (OR 5 1.54, 95% CI 0.77–
3.07) and IUI/IUI (OR 5 1.36; 95% CI, 0.52–3.56)
protocols both appeared more likely to result in a
pregnancy compared to the single IUI protocol. The
ICI/IUI protocol also appeared to have a higher
pregnancy rate than the IUI/IUI protocol (OR 5 1.13;
95% CI, 0.46–2.74). We then performed a multivariable
logistic regression analysis, and in our most parsimoni-
ous model, when controlling for prior gravidity, use of
medication for ovulation induction, and age, all pairwise
comparisons failed to meet statistical significance
(Table 4). Presence of infertility diagnosis, sperm count,
and motility were not significant or confounders and
hence were not included in the final model. Although the
ICI/IUI (OR 5 1.70; 95% CI, 0.83–3.51) and IUI/IUI
(OR5 1.5; 95% CI, 0.52–4.33) protocols appeared more
likely to result in a clinical pregnancy than the single
IUI protocol, this was not statistically significant.
In addition, the difference between the ICI/IUI and
IUI/IUI protocols was not significantly different (OR 5
1.13; 95% CI, 0.43–2.96). In addition, ovarian stimula-
tion with Clomid did not significantly improve the
overall success of donor insemination cycles (adjusted
OR 5 1.02; 95% CI, 0.49–2.10; not shown in table).

Discussion

The primary aim of our study was to determine whether
an additional insemination (intracervical or intrauter-
ine) in a frozen-thawed donor sperm insemination cycle
would increase the likelihood of pregnancy. We
compared 2 protocols (ICI/IUI and IUI/IUI) to a single
IUI, as the latter is the standard of care in fresh sperm
insemination cycles. We did not find a statistically
significant difference between the double inseminations
compared to the single-insemination protocol group;
however, both double-insemination protocols had high-
er total pregnancy rates. Moreover, the additional cost
of the double insemination is not supported by our data.
Larger prospective studies will be needed to address the
precise benefit of adding a second insemination.

As mentioned in the introductory section of this
article, there is very limited information in the literature

Table 3. Estimated cumulative pregnancy rates by protocol
(utilizing cycle total pregnancy rate from Table 2)

Cycle No. IUI ICI/IUI IUI/IUI

1, % (No.) 10.2 (14/137) 15.3 (18/118) 13.7 (7/51)
2, % 19.0 28.3 25.5
3, % 27.2 39.6 35.9
4, % 34.7

Abbreviations: ICI, intracervical insemination; IUI, intrauterine
insemination.

Table 4. OR and 95% CI for clinical pregnancy rate using logistic regression utilizing GEE

Controlled For

OR (95% CI)

ICI/IUI vs IUI IUI/IUI vs IUI ICI/IUI vs IUI/IUI

Repeated measures per subject 1.54 (0.77–3.07) 1.36 (0.52–3.56) 1.13 (0.46–2.74)
Prior gravidity, use of Clomid, age 1.70 (0.83–3.51) 1.50 (0.52–4.33) 1.13 (0.43–2.96)

Abbreviations: CI, confidence interval; GEE, generalized estimating equation; ICI, intracervical insemination; IUI, intrauterine insemination; OR,
odds ratio.
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regarding the number of inseminations when using
frozen-thawed sperm. One study compared single vs
double IUI in stimulated cycles (Matilsky et al, 1998).
Although the pregnancy rate was higher in the double-
insemination group, the per-cycle pregnancy rate in the
single-IUI group reported in that study (5%) was much
lower than our results (10.2%) and may have accounted
for the significant difference between groups. The
second study did not find an increase in pregnancy
rates with the addition of the second IUI (Khalifa et al,
1995). Our study had several advantages. We included a
third protocol, namely ICI/IUI, which provides the
patients the option of a less expensive treatment
compared to IUI/IUI. We restricted our study to the
first 3 cycles in each treatment group, as it has been
reported that couples using IUI are more likely to
achieve pregnancy within the first 3 cycles (Smith et al,
2010). We also included women who switched treatment
protocols from one cycle to the next, which reflects the
reality of clinical practice in this patient group and
allows for increased study power. The methodological
strengths of our study are the inclusion of unselected
patients and use of a well-validated method (GEE) to
analyze these data.

A number of factors may influence the pregnancy
outcomes in an insemination cycle. In a retrospective
analysis of frozen-thawed donor sperm single-IUI cycles
(n5 6630), age was the only factor that had a significant
and independent effect on live birth rate (Brucker et al,
2009). The authors reported that the indication for using
donor sperm had no effect on cumulative pregnancy
rate. Similarly, in another retrospective study (n5 6139)
age was the most significant determinant of pregnancy
rate (Botchan et al, 2001). These 2 studies also showed
no association between stimulation protocols and
pregnancy rates in women using frozen-thawed donor
sperm (Botchan et al, 2001). In our study there was no
significant difference in mean age between the 3 protocol
groups. Compared to natural cycles, use of Clomid did
not alter the pregnancy rates in our study.

Our cohort study also has some weaknesses. Given the
retrospective nature of our study, we could not randomly
assign women to specific protocols, and one cannot be

certain that there was no clinician bias in assigning women
to specific protocols. However, changing from one
treatment to another in subsequent cycles does reflect
true clinical practice based on patient convenience and
cost. We may have been unable to demonstrate a 2-fold
increase in pregnancy rates with additional inseminations
because of a smaller than anticipated sample size in the
IUI/IUI group (the a priori determined sample size was
118 cycles). Although not statistically significant, our
results show an increase in pregnancy rates of 70% for
ICI/IUI (OR 1.7) and 50% for IUI/IUI (OR 1.5) when
compared to single-IUI procedures, suggesting that larger
studies are needed to further validate these findings. Use
of donor sperm ensures adequate sperm counts. Although
we found a small but significant difference in sperm
parameters between groups, these differences are not
clinically relevant (Johnston et al, 1994)

An important clinical consideration for patients is
choosing a cost-effective protocol. Table 5 includes the
approximate costs associated with the use of the 3 donor
insemination protocols included in this study. The
expenses are usually direct costs to the patient, as many
insurance companies in the United States do not provide
coverage for use of donor sperm. Taking into account
the total costs the addition of a second ICI or IUI
increases expense per cycle by 60%–75%. If a second
insemination does not change pregnancy rates signifi-
cantly, it may be more cost-effective to apply that
additional expense toward the next treatment cycle,
thereby increasing the number of potential treatment
cycles. For example, using the total success rates for
each protocol after 3 cycles (from Table 2), the success
rate for the first cycle of 2 IUIs would be 13.7%, whereas
the estimated cumulative success rate for 2 cycles using a
single IUI would be 19% (Table 3). Two successive
cycles with the 2 IUI protocol would have a cumulative
success rate of 25.5%, whereas 4 cycles with a single IUI
in each would have a higher cumulative success rate of
34.7% (Table 3). This would suggest that repeated cycles
of single IUI would be more cost-effective than fewer
cycles with 2 inseminations. Multicenter prospective
studies that are appropriately powered with a large
number of subjects will be needed to elucidate the most
efficacious donor sperm insemination protocol.
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