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se of semen quality scores to predict
regnancy rates in couples undergoing
ntrauterine insemination with donor
perm

hyam S. R. Allamaneni, M.D., Ilian Bandaranayake, M.D., and
shok Agarwal, Ph.D., HCLD

enter for Advanced Research in Human Reproduction, Infertility and Sexual Function, Glickman Urological
nstitute and Department of Obstetrics-Gynecology, Cleveland Clinic Foundation, Cleveland, Ohio

bjective: To establish semen quality scores in a population of sperm donors and determine whe
cores can be used to predict pregnancy rates after donor insemination.

esign: Retrospective study.

etting: Infertility clinic at a tertiary care teaching hospital between 1993–2001.

atient(s): One hundred eleven women who underwent IUI with sperm from 27 anonymous donors

ntervention(s): None.

ain Outcome Measure(s): The semen analysis results before freezing and after thawing were analyz
verall donor insemination semen quality (DI-SQ) and donor insemination relative quality (DI-RQ)
ere calculated. After adjusting for female characteristics, the scores were compared with samples th
id not result in pregnancy.

esult(s): Of 111 patients, 70 had at least one pregnancy, and 60 had at least one live birth, with a
.52� 4.67 IUI cycles per patient. Five significant risk factors for low pregnancy and live birth rates

dentified: female infertility factor, positive laparoscopy, older maternal age, low number of previous
nd lack of ovulatory stimulation. After adjusting for these factors, both prefreeze and postthaw DI-SQ
ere statistically significantly associated with IUI live birth rates. Using only the samples with a DI-SQ
f �110 doubled the expected live birth rate, compared with using samples with a DI-SQ score less t

rom 8.5% to 16.1%.

onclusion(s): The DI-SQ score was an effective predictor of pregnancy and live birth outcomes
atients who underwent artificial insemination with anonymous donor semen. The DI-SQ score could
sed by sperm banks to help select donors. (Fertil Steril� 2004;82:606–11. ©2004 by American Society
eproductive Medicine.)
til-
tes

o eter
t ally,
The development of assisted reproduc
echniques has allowed many infertile coup
o conceive children. Such techniques incl
UI, either with fresh sperm from the ma
artner or with frozen sperm from anonymo
onor; IVF; and intracytoplasmic sperm inje

ion (ICSI). Intrauterine insemination with d
or semen is a common treatment for cou
ith severe male-factor infertility. The adve
f ICSI has allowed homologous conception
any couples with severe male-factor infer

ty, but many of the couples who are candida

or ICSI may choose IUI with donor semen r
ecause of the increased cost, possible
ssociated with ICSI, and the invasivenes

VF and ICSI (1). Intrauterine inseminatio
ith donor semen has also become a wid
ccepted and successful treatment for si
omen or for women with azoospermic pa
ers.

The recruitment of donors for artificial i
emination programs has become increasi
ifficult. Donors are accepted only after a th
ugh evaluation. The most important param

hat is assessed is semen quality. Tradition

outine semen analysis has been employed, and
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his method is still used to assess prefreeze and postthaw
amples to discriminate between donors of high and low
ecundity. The most common reasons for rejection of poten-
ial donors who are otherwise healthy are poor sperm count
nd poor motility (2). However, individual semen parame-
ers seem to have little accuracy in predicting pregnancy
ates (3–8). Most semen characteristics seem to be positively
orrelated, suggesting that the different parameters are not
ndependent. That is, a semen sample with poor values for
ne parameter (e.g., count) is likely to have poor values for
ther parameters as well, such as linearity or motility (9).

Previous studies have shown that combining multiple
emen characteristics into a linear score can help predict
ale fertility potential (10). Recent research from our center

as reported a statistical model using the principal compo-
ent analysis to narrow down the interrelated, elaborate
easures of semen analysis to two main components or

cores, known as the overall semen quality score (SQ score)
nd the relative quality score (RQ score) (9).

Our center previously reported that the prewash SQ score
as positively correlated (P�.02) with pregnancy rates in

ouples with male-factor infertility who were undergoing
UI with the male partner’ s semen (11). It is not known
hether the SQ and RQ scores could be used to predict
regnancy after IUI with donor semen in cases in which a
ouple is unable to use the male partner’ s semen. This is
mportant to study because the cost of IUI mainly depends
n the number of cycles required to achieve pregnancy. If
ouples could predict their chances of conceiving with a
iven semen sample, they could reduce the total number of
ycles necessary to achieve pregnancy.

The two main purposes of our current study were [1] to
alculate the overall DI-SQ and DI-RQ scores for each
emen sample used for IUI in a group of female patients
ndergoing IUI with anonymous donor semen and [2] to
etermine whether the DI-SQ and DI-RQ scores can predict
regnancy in this population.

MATERIALS AND METHODS

he Cleveland Clinic Foundation Institutional Review Board
pproved this study. We reviewed the medical charts of 134
omen who participated in the Cleveland Clinic Founda-

ion’ s donor insemination program between 1993–2001 be-
ause of the infertility of their male partners. Of the 134
atients, 23 were excluded because they had either never
ndergone any insemination cycles with donor semen or
ecause the records for the donors that they used were not
vailable, leaving 111 patients for our study.

The medical records of these 111 patients were examined
or relevant details. The pertinent obstetric history (including
he number of full-term deliveries, miscarriages, and elective
bortions) and gynecological history (including history of

bnormal pap tests and history of sexually transmitted dis- e

ERTILITY & STERILITY�
ases) were recorded. Notes on the patients’ infertility his-
ory were taken, including type of infertility, duration of
nfertility, presence and type of any contributing female
actors, and type of contributing male factors. The records
ere also examined for any diagnostic studies on the female
atients, such as laparoscopies, hysterosalpingograms, or
ndometrial biopsies. Any abnormal tests were noted. We
lso noted the dates of all inseminations and which specific
onor semen sample was used for each insemination cycle.
ny pregnancies were noted, along with the outcomes of the
regnancies (miscarriage or live birth).

onor Selection
Semen samples from 27 different anonymous donors who

onated between 1987 and 1995 were used for insemination.
ll of the donors were healthy volunteers who had tested
egative for sexually transmitted diseases as per the guide-
ines of the American Society for Reproductive Medicine
12). The donors’ semen had been cryopreserved and quar-
ntined for 6 months before being used for insemination. We
eviewed the semen analysis reports from these 27 donors.

The SQ and RQ scores are based on nine semen param-
ters, which account for most of the variability expressed by
hese semen characteristics individually. The nine parame-
ers used in our Center’ s previous study were concentration,
otility, World Health Organization morphology, Kruger’ s
orphology, linearity, curvilinear velocity, straight-line ve-

ocity, average path velocity, and amplitude of lateral head
isplacement. In that study, each parameter was weighted
nd analyzed by principal component analysis, and the two
omposite scores were developed (9).

In the present study, the SQ and RQ scores for each
ample were determined using principal component analysis
f five semen parameters: concentration, motility, curvilin-
ar velocity, linearity, and amplitude of lateral head dis-
lacement. To differentiate these scores from those calcu-
ated from nine semen parameters, we termed them as donor
nsemination semen quality (DI-SQ) and donor insemination
elative quality (DI-RQ) scores. We were not able to use

orld Health Organization morphology, Kruger’ s morphol-
gy, average path velocity, or straight-line velocity because
nformation on these parameters was not available in the
onors’ semen analysis reports. However, results of our
revious study have shown that SQ and RQ scores that are
alculated by using fewer variables are still positively cor-
elated with those scores calculated by using all nine param-
ters (9).

After analyzing the data for female factors that contrib-
ted to lower pregnancy and live birth rates, the DI-SQ and
I-RQ scores were compared with the outcome of the cor-

esponding insemination cycle. Because multiple cycles
rom the same women were analyzed, statistical analyses
ere performed with logistic regression using generalized
stimating equations. Statistical computations were per-
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ormed with SAS version 8.1 (SAS institute Inc, Cary, NC),
nd statistical significance was assessed using two-tailed
ests. A P value of �.05 was considered statistically signif-
cant.

RESULTS

ecipient Characteristics
One hundred eleven women underwent a total of 724 IUI

ycles. Summary statistics of women undergoing donor in-
emination are illustrated in Table 1. The mean age of the
omen was 31.9 years. Seventy of the 111 patients (or 63%)
ad at least one pregnancy, and 60 (or 54%) had at least one
ive birth. Thirty-five women achieved more than one preg-
ancy, and 25 of these women had more than one delivery.
he highest number of pregnancies achieved was four (two
atients); three patients had three live births. The mean
umber of IUI cycles for each patient was 6.52 � 4.67
range, 1 to 17).

haracteristics of Donor Semen
Prefreeze and postthaw DI-SQ and DI-RQ scores for the

onor semen samples are presented in Table 2. The mean
refreeze and postthaw DI-SQ scores for the donor samples
ere well over 100, which is considered the average for the
I-SQ score (9). Even the lowest DI-SQ score (96.8 pre-

reeze, 91.9 postthaw) was still within the range that is
onsidered normal for healthy men.

elation of DI-SQ and DI-RQ Scores With
regnancy Outcome
Five female factors that affected the rate of pregnancy and

ive births were identified: female infertility factor (P�.39
or pregnancy, P�.07 for live birth), positive laparoscopy
ndings (P�.02 for pregnancy, P�.37 for live birth), in-

T A B L E 1

ummary statistics of women undergoing IUI with donor
emen.

ariables Mean or % SD Median

eight (in.) 64.51 2.87 65.00
eight (lb) 141.18 28.44 135.00
enstrual flow (d) 5.34 1.99 5.00
o. miscarriages 0.17 0.45 0.00
emale factor (%) 29.7
ositive laparoscopy (%) 29.7
ge (y) 31.87 4.93 32.00
uration of infertility (y) 2.44 1.85 2.00
ycle length (d) 32.46 16.78 30.00
ysmenorrhea (%) 54.1
revious full-term deliveries 0.56 0.84 0.00
revious elective abortions 0.18 0.54 0.00
timulation drugs (%) 37.8 — —

llamaneni. Semen quality score—donor selection and IUI. Fertil Steril 2004.
reasing maternal age (P�.02 for pregnancy, P�.0003 for d

08 Allamaneni et al. Semen quality score—donor selection an
ive birth), number of previous full-term deliveries (P�.01
or pregnancy, P�.02 for live birth), and lack of ovulatory
timulation (P�.26 for pregnancy, P�.049 for live birth).
fter adjusting for these five female factors, the prefreeze

nd postthaw DI-SQ and DI-RQ scores were analyzed to
etermine their association with pregnancy and live birth
ates.

The prefreeze DI-SQ score was significantly associated
ith pregnancy (P�.03) and live birth rates (P�.03),
hereas the postthaw DI-SQ score was significantly associ-

ted with live birth rates (P�.04). The DI-RQ score was not
ignificantly associated with pregnancy in donor samples.
he difference in the relationship of the DI-RQ scores
mong the donors may be due to screening, which reduces
he variability of the DI-RQ score.

As the prefreeze and postthaw DI-SQ score increased, so
id the pregnancy and live birth rates. The relationship
etween the DI-SQ score and the pregnancy and live birth
ates are shown in Figure 1. The postthaw DI-SQ score is the
ore relevant measure because any donor semen samples

sed for IUI are always cryopreserved and therefore need to
e thawed before insemination can occur. Both the preg-
ancy and the live birth rates almost doubled between the
roups with DI-SQ score of �100 (12.7% pregnancy and
.5% live birth) and with DI-SQ score of �110 (19.3%
regnancy and 16.1% live birth).

The predictive ability measures of DI-SQ score at differ-
nt cutoff values are illustrated in Tables 3 and 4. The
ostthaw value with the highest sensitivity for pregnancy
as at a DI-SQ score of �110, which had a sensitivity of
5.8 (Table 3). For this range of DI-SQ scores, the negative
redictive value and positive predictive value was also the
ighest of the postthaw scores, with a value of 85.2% and
9.3%. The sensitivity for predicting live birth for DI-SQ
core values in this range was 39.0 (Table 4). These values
ay seem low, but the normal success rate for IUI ranges

rom approximately 8%–13% per cycle (13–16). Therefore,
sing only those samples with a DI-SQ score of �110

T A B L E 2

ummary statistics for anonymous donor semen samples
averaged values for 724 samples) being used for IUI.

ariable Mean � SD Minimum Maximum

Prefreeze
DI-SQ score 112.3 � 5.6 96.8 131.4

I-RQ score 110.7 � 6.3 93.7 127.7

Postthaw
DI-SQ score 107.4 � 5.6 91.9 127.8

I-RQ score 103.6 � 6.2 86.2 120.2

llamaneni. Semen quality score—donor selection and IUI. Fertil Steril 2004.
oubled the expected pregnancy rate.

d IUI Vol. 82, No. 3, September 2004
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FERTILITY & STERILITY�
DISCUSSION

mplications for Patients
Artificial insemination with donor spermatozoa is used

orldwide to treat couples with azoospermia or severe male
actor infertility. In this study, we attempted to use new
emen quality scores developed in our research center to
ssess the quality of donor semen in a donor insemination
rogram. We used these semen quality scores to predict the
uccessful outcome of IUI with donor semen.

We identified five female factors that affected the rate of
regnancy and live birth: female infertility factor, positive
aparoscopy findings, increasing maternal age, number of
revious full-term deliveries, and lack of ovulatory stimula-
ion. These findings are in accordance with previous studies
16–18).

After adjusting for these female factors, the DI-SQ score
as positively associated with pregnancy and live birth rates,

mphasizing the potential of DI-SQ score to predict out-
omes in couples undergoing IUI with donor semen. A
atient cannot change her female factor infertility diagnosis,
ositive laparoscopy findings, age, or number of previous
eliveries to increase her chances of achieving pregnancy.
hus, it is especially important for these women to use
emen samples with a superior DI-SQ score to maximize
heir chance of pregnancy and live birth.

The best IUI outcomes occurred when the patients were
nseminated with a semen sample bearing a DI-SQ score of

110. Therefore, 110 could be used as a reference cutoff
alue for donor samples to give female patients an optimal
hance of conception. If patients used only those samples
ith DI-SQ score of �110, this could reduce the total
umber of cycles necessary to achieve pregnancy, lowering
he cost of IUI for the patient. Additionally, this could open
p the possibility of IUI as a treatment option for many more
nfertile couples who may not be able to afford numerous
nsemination cycles.

The DI-SQ and DI-RQ scores reported in this study and

T A B L E 4

ccuracy of the semen quality score as predictor of live
irth rates.

I-SQ score Sensitivity Specificity PPV NPV

120 Prefreeze 6.3 93.1 11.1 87.8
120 Postthaw 1.2 99.2 16.7 87.8
115 Prefreeze 45 71.3 17.7 90.4
115 Postthaw 8.5 92.5 13.7 87.9
110 Prefreeze 78.8 34.9 14.3 92.3
110 Postthaw 39 71.7 16.1 89.4

ote: PPV � positive predictive value; NPV � negative predictive value.

llamaneni. Semen quality score—donor selection and IUI. Fertil Steril 2004.
F I G U R E 1

A) The relationship between prefreeze donor insemination
emen quality (DI-SQ) score and pregnancy or live birth rates.
B) The relationship between postthaw DI-SQ score and
regnancy or live birth rates.

llamaneni. Semen quality score—donor selection and IUI. Fertil Steril 2004.
T A B L E 3

ccuracy of the semen quality score as a predictor of
regnancy rates.

I-SQ score Sensitivity Specificity PPV NPV

120 Prefreeze 7.6 93.4 17.8 84.2
120 Postthaw 1.0 99.1 16.7 83.8
115 Prefreeze 42.5 71.7 22.2 86.7
115 Postthaw 7.3 92.4 15.7 83.8
110 Prefreeze 77.4 35.1 18.5 89.1
110 Postthaw 35.8 71.2 19.3 85.2

ote: PPV � positive predictive value; NPV � negative predictive value.
Q and RQ scores in earlier studies (9, 11) could be used for

609
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eference when counseling patients who are seeking assisted
eproductive techniques. For example, if a female patient’ s
ale partner consistently submits semen samples that are

elow the threshold recommended for optimal success rates,
he couple could be advised that they have better chances of
chieving pregnancy by IVF or ICSI instead of by IUI.
herefore, they would be able to save time and money by
oving directly to a more advanced assisted reproduction

echnique that would have a better chance of success instead
f going through multiple IUI cycles that are unlikely to
esult in pregnancy. Likewise, if the male partner’ s semen
amples have a DI-SQ or SQ score that are low enough that
ven IVF or ICSI are unlikely to work, the couple could be
dvised that IUI with anonymous donor semen may be their
est option for achieving pregnancy.

mplications for Clinicians
Currently, there are no reliable tests that can predict a

onor’ s fecundity before use in a recipient population. Mul-
iple studies have attempted to use individual sperm param-
ters to predict an individual donor’ s fecundity without suc-
ess (5–8, 19). Some studies have used the sperm
enetration assay as a prognostic indicator of donor fecun-
ity, with variable results (20–22). In one retrospective
nalysis that studied 800 insemination cycles by using the
emen of 20 different donors, the investigators concluded
hat basic semen parameters could not identify the differ-
nces in fertility among the donors (7).

Poor semen quality is the major reason in rejecting a
otential donor. Investigators have reported donor rejection
ates of 10%–66% because of this specific reason (2). One
rospective randomized study showed the lack of uniformity
etween sperm banks in the criteria used to screen potential
emen donors and emphasized the need for documentation of
emen quality by uniform criteria (23).

Because we found the prefreeze DI-SQ score to be sig-
ificantly related to both pregnancy (P�.03) and live birth
ates (P�.03), we believe that sperm banks could use this
core as an initial screening test before taking the time and
xpense to perform a complete evaluation of any donor. In
ur study, using a semen sample with a prefreeze DI-SQ
core of �110 resulted in the highest sensitivity (77.4% for
regnancy rates and 78.8% for live birth rates) of all of the
refreeze scores. Using 110 as a prefreeze cutoff value for
emen samples could decrease the costs involved for donor
nsemination centers in evaluating all potential volunteers
or fitness to donate sperm.

Another issue that affects pregnancy and live birth rates
or sperm banks is the fact that cryopreservation decreases
he quality of semen. The freezing and thawing process is
sually associated with diminished viability, motility, and
unctional ability of the sperm (24). Sperm susceptibility to
ryodamage varies both between individuals and between

ifferent samples from the same donor (25). Therefore, de-

10 Allamaneni et al. Semen quality score—donor selection an
pite the preliminary screening of donors for semen quality,
he quality of their samples after thawing can vary. Com-
ared with fresh semen, donor insemination with thawed
rozen semen is less likely to achieve pregnancy (26, 27).

Studies show conflicting results in the use of sperm mo-
ion characteristics to predict the fertility outcome of a fro-
en-thawed specimen (3, 21). However, in our study, the
ostthaw DI-SQ score was significantly related to live birth
ates. Therefore, postthaw DI-SQ score could possibly be
sed to select the specific donor sample for use in insemi-
ation. For example, if a couple was planning to use a
pecific donor sample but the sperm bank found that the
ample’ s DI-SQ score was below standard values, the couple
ould be advised to select another sample with a DI-SQ score
f �110 to give them the best chance of conception. The
I-SQ score also could be used to periodically check the

ecundity of a specific donor’ s samples. Sperm banks could
onsider dropping a donor whose prefreeze or postthaw
I-SQ score was consistently substandard.

In conclusion, the DI-SQ score is an effective predictor of
regnancy and live birth outcomes in IUI patients who are
ndergoing artificial insemination with anonymous donor
emen. If only those semen samples with a DI-SQ score of
110 were used for IUI, success rates could significantly

mprove, and the time to pregnancy could also decrease.
emen quality scores can be used to counsel couples seeking
ssisted reproduction techniques. Sperm banks can screen
onors and monitor the fertility potential of their samples by
sing the DI-SQ score. The use of DI-SQ score needs to be
alidated in prospective studies.
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