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Purpose: The basic semen parameters seem to have a limited 
predictive value in male fertility. Could other objective sperm 
analyses be helpful in the choice of the most adapted assisted 
procreation technique? 
Methods: This study concerns 78 infertile couples with 
insemination failures. For each semen, 21 objective parame- 
ters are analyzed in fresh semgn and after sperm selection 
procedure. The 78 couples are then included in an IVF 
protocol and classified into two groups: fertile (at least one 
cleaved embryo is obtained) and infertile. 
Results: Using multiple variant discriminant factorial analy- 
sis, we have found nine nonconventional parameters which 
induce us to define two classes of semen. These two classes 

fit with the classification into fertile and infertile groups in 
74.4% of the cases. 
Conclusions: So these parameters allow us to predict the 
chance of obtaining embryos during an IVF trial and to 
choose for each couple the most appropriate technique: IVF 
or ICSL 
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I N T R O D U C T I O N  

Male-related problems could account for 43 % of infer- 
die couples (1) and male-factor infertility constitutes 
an important part of the assisted reproduction technol- 
ogy (ART) population. The advent of assisted repro- 
ductive techniques [in vitro fertilization (IVF) and, 
more recently, intracytoplasmic sperm injection 
(ICSI)] appears to be real progress in the treatment of 
male infertility. 
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The fundamental problem for clinicians remains the 
fact that the conventional criteria of semen quality 
(sperm density, motility and sperm morphology) are 
of limited prognostic value in predicting the success 
of the IVF attempt (2). As a consequence, additional 
tests of sperm functions have evolved in order to char- 
acterize semen quality better. 

Today there is no single test of sperm function that 
will accurately predict fertility, except when there is 
a specific disorder affecting all sperm (3). 

Objective studies of human sperm movement have 
shown the real value of such parameters in predicting 
the ability for a couple to achieve pregnancy (4). Sperm 
movement is related to specific aspects of sperm func- 
tion including capacitation and interaction with zona 
pellucida (5). 

Recently attention has been focused on the assess- 
ment of acrosomal status of human spermatozoa, since 
acrosome discharge is prerequisite to fertilization (6). 
Acrosome discharge seems to be impaired among 
many men suspected of being infertile (7). 

The aim of this study is to examine the predictive 
value for success in IVF of three standard data of  fresh 
semen (spermatozoa, round cells, and polynuclear den- 
sity) and of objective parameters which test different 
functions: motility in fresh semen and after treatment 
and the acrosomal reaction (AR). The purpose is to 
target the most effective method of ART for couples 
with intrauterine insemination failures: IVF or ICSI. 
Female parameters, except oocyte quality, are not 
included in this analysis, although morphologically 
oocyte quality is not a guarantee of metabolic quality. 
We took into account only the fertilization results, 
and not the occurrence of pregnancy, which introduces 
various female factors. To perform our study we 
selected couples with at least three intrauterine insemi- 
nation (IUI) failures and scheduled in an IVF program. 
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Using multiple variant discriminant factorial analy- 
sis, we have found nine nonconventional variable 
parameters which allowed us to define a good prognos- 
tic value of fertility potential for the studied group. 

MATERIALS AND METHODS 

This study was conducted between March 1994 and 
December 1995. Semen samples were obtained from 
112 male partners of couples scheduled in an IVF 
program after having undergone failures in at least 
three intrauterine inseminations (from three to six) 
after controlled ovarian hyperstimulation. For a 
defined couple, IVF attempt was performed from 3 to 
8 months after the detailed semen analysis° The age 
of male patients was between 29 and 45 (average, 
35.3), and that of the female partner between 26 and 
42 (average, 33.3). 

Twenty-one parameters were studied and are 
described in Table I. 

Fresh Semen Analysis. Semen was collected by mas- 
turbation after 48 to 72 hr of abstinence. The semen 
sample was allowed to liquefy for 1 hr after collection 
at room temperature. Sperm and round-cell density and 
percentage of polynuclear cells were then determined 
according to the WHO guidelines (8). 

Motility Analysis. Samples were evaluated with 
CASA (Hamilton-Thorn HTM-S 2030) in microcells 
of 20-mm depth at 37°Co Analysis was based upon 
counting a minimum of I00 motile cells (minimum, 
5 fields) from a semen with a sperm density of less 
than 80 million/ml. The machine parameters were set 
at a frame rate of 20 to 25/sec, a minimum contrast 
of 7, a minimum size of 6, low and high size gates of 
0.4 to 1.2, low and high intensity gates of 0.4 to 1.2, 
a nonmotile head size of 11, a nonmotile intensity of 
241, and a path velocity of more than 10 mm/sec to 

be counted as motile. To check the accuracy of these 
settings, the playback function of the HTM-S was used 
throughout the study, confirming that nonmotile and 
motile cells were correctly identified. The measured 
parameters were curvilinear motility (VCL), straight- 
line velocity (VSL), linearity (LIN), and amplitude of 
lateral head displacement (ALH). 

Sperm Preparation. Semen samples were layered on 
a 40-80% Percoll gradient. Following centrifugation 
for 30 min at 300g the 80% Percoll fraction was recov- 
ered and washed twice with tyrode medium (GIBCO 
BRL). The final pellet was resuspended in 2 ml of 
Mrn~zo-B2 medium (BioMrreieux, Marcy l'Etoile, 
France) and incubated for 5 hr at 37°C with 5% CO2 
in air. Sperm with hyperactivated motility were deter- 
mined using the parameters defined by Pilikian (9): 
VCL, >80 ixrn/sec; LIN, <65% and ALH, >5.5 Ixm. 
They were counted on fresh semen and after capaci- 
tated treatment. The hyperactivity motility is expressed 
as the percentage of motile sperm. 

Assessment of Acrosomal Status. The human acroso- 
real reaction was assessed by the method described by 
Mendoza et al. (10): capacitated sperm were exposed 
to ionophore calcium (A23187, Sigma) at a concentra- 
tion of 10 mM in B2 medium for 30 rain. The acrosome 
reaction (AR) was quantified by the binding of fluores- 
cein isothiocyanate (FITC)-labeled Pisum satiwlm lec- 
tin (which binds specifically to acrosin). At least 100 
sperm were counted, assessed, and classified according 
to Mendoza et al. into three classes: unreacted, when 
fluorescence was distributed over the entire acrosome; 
equatorial, when fluorescence was located around the 
equatorial acrosomal segment; and reacted, when the 
sperm was not fluorescent at all. The AR results are 
expressed as the percentage of  100 analyzed cells 
before and after incubation in ionophore calcium. Ceils 
were double-stained with vital stain Hoechst 23356 in 
order to see if the sperm were dead. 

Table I. The Parameters Studied" 

Fresh semen Capacitated treatment Acrosomal status 

Sperm density Motile sperm density 
Round cells density VCL 
Polynuclear/total round cells VSL 
VCL LIN 
VSL ALH 
LIN Hyperactivated sperm 
ALH 
Hyperactivated sperm 

Unreacted sperm before induction 
Unreacted sperm after induction 
Equatorial reacted sperm before induction 
Equatorial reacted sperm after induction 
Delta equatorial sperm 
Reacted sperm before induction 
Reacted sperm after induction 

'~ VCL, curvilinear velocity; VSL, straight-line velocity; LIN, linearity; ALH, lateral head displacement; delta, difference between before 
and after treatment. 
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IVF Procedure. Subsequently, from 15 days to 8 
months, the couples underwent an IVF trial. The 
women underwent desensitization with LH-RH ana- 
logue (Buseriline; Hoechst, Puteaux, France) adminis- 
tered subcutaneously for 12 days. During the early 
follicular phase (days 1 to 5) ovarian stimulation was 
obtained with combined FSH (Metrodine HP; Ser- 
ono)-hMG (Humegon; Organon) (225 IU FSH and 75 
IU LH) (ratio ->3). On day 6, stimulation was contin- 
ued with doses adapted to changes in 17 13-estradiol 
(E2) level. When three or more follicles showed a mean 
diameter of approximately 18 mm, the stimulation was 
discontinued and 5000 IU of hCG was administered. 
Follicles were aspirated 36 hr later by ultrasound- 
guided transvaginal puncture. After retrieval, cumu- 
lus-corona-oocyte complexes were scored according 
to Veeck's classification (11). Only metaphase II 
oocytes were included in this study. For each couple, 
up to i0 oocytes were transferred into a culture dish 
containing 2 ml of Mrnrzo-B2 medium, inseminated 
with prepared spermatozoa at a concentration of 
200,000 motile sperm per m], and cultured for 18-20 
hr at 37°C with 5% CO2 in air. 

At this time, oocytes were examined for fertilization 
as determined by the presence of two pronuclei and 
transferred into fresh Mrnrzo-B2 medium. Twenty- 
four hours later, embryo quality was assessed 
according to morphological appearance and cleavage 
stage and up to three embryos were transferred into 
the uterine cavity. At least three mature oocytes were 
necessary to consider the attemp[ and at least one 
cleaved embryo was required to have a positive fertil- 
ization result. 

Statistical Analysis 

Two methods o f  statistical analysis were used. (i) 
The results were evaluated by a nonparametric test: 
the Mann-Witney U test used for the comparison of 
the two groups of semen--with or without fertilization; 
and (ii) the relative value of the measured variables in 
discriminating between semen samples which induce 
fertilization or not was examined using a statistical 
method--multivariate discriminant factorial analysis 
(software STATITCF, INRA, France). 

RESULTS 

The study recruited 112 couples; 34 couples were 
excluded for different reasons: bacterial infection, 
ovarian stimulation failure, unavailability of follow- 

up information, or technical reasons [the analysis does 
not allow an accurate measurement of kinetic parame- 
ters using a CASA instrument when there are more 
than 80 million sperm/mI (5)]. The 78 remaining cou- 
ples were studied. Forty-eight couples did not fertilize 
during their IVF trial; the mean number of recovered 
oocytes in these cases was 8.2 (from 3 to 14). 

Thirty couples obtained at least one embryo during 
their first IVF attempt: the mean number of recovered 
oocytes per couple was 9.3 (from 3 to 13), and the 
mean number of cleaved embryos per couple was 3.2 
(from 1 to 10). 

Differences between couples with (30 cases) and 
couples without (48 cases) fertilization using a nonpar- 
ametric test (Mann-Whitney U test) were significant 
for two variables studied: VCL in fresh semen (P = 
0.05) and delta equatorial sperm in acrosomal status 
(P = 0.030). Differences were nonsignificant for the 
other 19 variables, although for VSL in fresh semen 
P = 0.085 and for VSL after capacitated treatment P = 
0.095. We excluded from the studied semen parameters 
sperm morphology, for it is not a real objective parame- 
ter. The ability of sperm morphology to predict fertil- 
ization is an area of debate (12). 

Sperm density is higher in unsuccessful ejaculates 
than in successful ones, but this difference is not statis- 
tically significant by the Mann-Whitney U test. No 
differences between the concentration of round cells 
are found in the two populations. The other parameters 
compared between the two populations have an aver- 
age value which is different in the expected direction 
but not statistically significant (Mann-Whitney U test). 

Table II presents the mean values, the standard devi- 
ations, and the significant differences (determined by 
the Mann-Whitney U test) of the analyzed parameters 
in the fertile and nonfertile group. 

Using a multiple-variate discriminant factorial anal- 
ysis on these 21 parameters, 9 variables were revealed 
to have the best predictive value for fertilization. These 
variables are described in Table III. 

In fresh semen four variables were important: VCL, 
VSL, ALHI and hyperactivated sperm. After capaci- 
tated treatment three variables were important: VCL, 
VSL, and LIN. Concerning the acrosomal reaction, the 
number of unreacted sperm before induction and the 
difference between the equatorial acrosomal reaction 
before and that after induction are important. 

According to these nine discriminant parameters the 
couples were classified into two groups; and according 
to the IVF results, two classes were distinguished: with 
and without fertilization. 
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Table II. Mean Values, Standard Deviations, and Significant Differences of the Studied Parameters in the Fertile and Nonfertile Groups 

Fertile semen Nonfertile semen 

Parameters Units Mean SD Mean SD P" 

Fresh semen 
Sperm density Million/ml 27.I5 t9.02 36.96 48,t4 0.861 
Round cell density Miltion/ml 1.81 1.34 2.49 4.24 0.429 
Polynuclears % of round cells 13.96 25.03 13.38 25.21 0.877 
VCL /xm/sec 52.50 9.54 44.89 13.19 0,035 
VSL txm/sec 36,36 8.45 30.43 9.33 0.085 
LIN Percentage 69.03 7.33 66.56 12.15 0.572 
ALH ixm 2.35 1.49 1,78 0.94 0.137 
Hyperactivated sperm Percentage 3.34 4.60 2.60 3.47 0.517 

Capacitated treatment 
Motile sperm density Million/ml 6.69 7.59 5.33 7.11 0.144 
VCL ~m/sec 87.63 17.17 77.06 20.25 0.238 
VSL Ixm/sec 65.93 15.36 55.64 16.59 0.095 
LIN Percentage 74.80 7.64 71,97 8.54 0,157 
ALH ixm 3.85 1.40 3.50 1.39 0,295 
Hyperactivated sperm Percentage 9.83 7.00 8.98 7.90 0.441 

Acrosomal status 
Unreacted sperm before induction Percentage 61.76 24.84 58.00 21.21 0.162 
Unreacted sperm after induction Percentage 39.76 19.97 45.97 21.20 0.292 
Equatorial reacted sperm before induction Percentage 3.66 3.68 4.85 4.34 0.252 
Equatorial reacted sperm after induction Percentage 21.56 15.12 13.79 12.38 0.139 
Delta equatorial sperm Percentage 17.90 14.48 8.79 10.84 0,030 
Reacted sperm before induction Percentage 12.40 11.47 13.72 9.63 0.393 
Reacted sperm after induction Percentage 16.43 10.15 16.75 10.30 0.954 

'~ Comparison by Mann-Whitney U test. 

Table lIl. Discriminant Parameters 

Capacitated 
Fresh semen treatment Acrosomal status 

VCL 
VSL 
ALH 
Hyperactivated 

sperm 

VCL Unreacted sperm before induction 
VSL Delta equatorial sperm 
LIN 

Table IV. Multiple Variant Discriminant Factorial Analysis Com- 
paring Fertile and Nonfertile Couples 

Fertile Nonfertile 
couples couples Overall 

Number correctly classified 16 42 58 
Number incorrectly classified 14 6 22 
% correct classification 53.3 87.5 74.4 

As shown on Table IV, 74.4% of  the couples were 
classified as "fertile" according to the discriminant 
parameters and did fertilize during their IVF trial. 

DISCUSSION 

According to some authors conventional semen 
analysis is enough to evaluate the fertility potential of 
the semen (13). However, new technologies such as 
CASA and the study of the acrosomal status increase 
the objectivity of the measurement and the appreciation 
of the functional status of the spermatozoa. It is now 
well accepted that conventional analysis is not an accu- 
rate predictor of the true fertility potential (14). The 

aim of our study was to determine, for a population 
with IUI failures, which semen parameters (standard 
and/or more specific criteria: computer-aided sperm 
analysis and acrosomal reaction) allow discrimination 
between fertile and nonfertile men during IVF, in order 
to target the most adapted procreation technique: IVF 
or ICSI. We found nine discriminant parameters which 
allowed good classification of the couples, according 
to the IVF results, in 74.4% of the cases. 

Since in this study the analysis of  the semen was 
made from 15 days to 8 months before the day of the 
IVF attempt, the problem of intervariability of the 
ejaculate is posed. According to Calvo et al. (7), for 
a majority of men the acrosomal reaction is a stable 
parameter of sperm function. In a preliminary study, 
100 different semens were analyzed several times 
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every 3 months by CASA. Kinetics parameters 
appeared to be reproductive in the absence of intercur- 
rent problems (15,16). 

Most of the parameters studied here are subject to 
debate. 

From a traditional view, a high concentration of 
leukocytes is detrimental to sperm function (8). But 
other authors (17) suggest that such cells may enhance 
fertility by removing abnormal and degenerated sper- 
matozoa and generating hydrogen peroxide, which is 
believed to be an essential part of sperm capacitation. 
In our study no statistically significant difference could 
be found between the "fertile" and the "nonfertile" 
group. 

Early works on the study of human sperm movement 
using time-exposure photomicrography established 
that these measurements were of clinical value in pre- 
dicting the ability of spermatozoa to fertilize human 
oocytes in vitro (4). The parameters obtained by CASA 
have been shown to correlate with the achievement of 
pregnancy (1), the outcome after IUI (14), and the 
hamster test assay (18). In "fresh semen, the relative 
values of CASA parameters are variable according to 
different studies. The most correlated parameters with 
IVF results are VCL, VSL, ALH, and LIN for Pilikian 
et aL (9) and VCL and VAP (average path velocity) 
for Barrat et al. (19). For Liu & Baker (3), only linearity 
is significantly related to fertilization rate, and not 
ALH. According to MacLeod et al. (2) VSL, LIN, and 
VCL are the most important, and gor Montagut et al. 

(20) the useful parameters are VCL and ALH. 
We have shown here that CASA values on fresh 

semen that seem to be the most significant are the VCL, 
VSL, ALH, and percentage of hyperactivated sperm. 

A low level of  hyperactivation is associated with a 
poor fertilization rate (9,21,22). For Sukchaoren (23) 
the most important movement for IVF success is the 
incidence of hyperactivation (HA) after 3 hr. 

According to Aitken et al. (18), ALH is strongly 
correlated with sperm-oocyte fusion. For Wang et al. 

(24) the percentage of spermatozoa with transitional 
HA after 6 hr of incubation correlated significantly 
with the fertilization rate of human oocytes. On the 
other side, Ginburgh (25), Hinney et al. (26), and 
Mak et al. (27) found no correlations between the 
percentage of hyperactivated sperm and the fertiliza- 
tion rate or sperm penetration assay rate. We conclude 
from our study that no significant differences are found 
between the percentage of HA sperm and the success 
of IVF attempts, although the percentage of hyperacti- 
vated sperm is one of the nine discriminant parameters. 

Concerning the acrosomal reaction the results of 
different studies are more in agreement: a low percent- 
age of reacted sperm after induction is associated with 
a low fertilization rate (7,21,28-30). 

In our study the results of fertilization are well 
related to two parameters of  the acrosomal reaction: 
the number of  unreacted sperm before induction and 
the difference between the equatorial acrosomal reac- 
tion before and that after induction. 

Some authors have tried to determine the most pre- 
dictive associated parameters for IVF success or preg- 
nancy. Wang et al. (24) found that the percentage of 
spermatozoa with HA transitional motility and the 
acrosome variables classified the samples achieving 
a good (>70%) or poor fertilization rate with 80% 
accuracy. Paston et al. (14) used eight variables (one 
clinical factor, three conventional, and four noncon- 
ventional parameters of sperm analysis) to predict with 
an accuracy of 74.4% the fertility potential of an infer- 
tile group. According to MacLeod etal .  (2) the associa- 
tion of the percentage of  sperm with progressive 
motility, mean VAP, mean VSL, sperm concentration, 
and morphometry correctly classified women who 
became pregnant in 62.3% of  his studied population. 
MacLeod and Irvine (31), studying human donor 
semen, were able to discriminate significantly between 
successful and unsuccessful ejaculates with an overall 
accuracy of 87%. Parinaud et al. (32) studied sperm 
morphology, vitality, motility, and acrosome reaction 
and obtained an accuracy of 83%. In our study we 
obtained a good classification in 74.4% of the semen 
without studying sperm morphology. The 25% chance 
of no fertilization despite a favorable assessment could 
lead to the use of a proportion of the oocytes obtained 
for ICSI. For ethical reasons, it seems difficult to trans- 
fer embryos which would be obtained by different 
methods (IVF and ICSI). 

As noted in the literature, it is often difficult to 
compare the different studies. Some authors indeed 
compare the results with IVF; others compare the 
results with pregnancy. The C A S A  instruments are not 
always the same, and in addition, the samples do not 
have the same number of patients. Another difficulty 
is the statistical method which was used. In general if 
the variable lacks statistical significance, the variable 
either is not related or could be related but the relation- 
ship is not detected as statistically significant in the 
analysis. There may be statistically insufficient power, 
the sample size being too small with regard to the 
magnitude of the effect and its variability. 

According to Krause (13) the statistical significance 
of the results is not the same, depending on the statisti- 
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cal method used. Multivariate statistical analysis is 
powerful and available to examine the impact of groups 
of predictor variables of any form of pregnancy or 
fertilization rate, as recommended by Aitken et al. 

(12). Using this approach, it should be possible to 
define optimized sets of prognostic criteria for 
assessing fertility. 

Our population is peculiar because it consists of 
couples with at least three IUI failures and with subnor- 
mal classical semen parameters (sperm density, motil- 
ity, and morphology). These couples fertilize in the 
first attempt at IVF or do not fertilize sometimes even 
after two IVF trials. In this population it was interesting 
to see if there was a difference in the semen characteris- 
tics of the male partner which would suggest carrying 
on with IVF or directly scheduling ICSI. In our study 
we found nine parameters which were the most dis- 
criminative in predicting, in 74.4% of the cases, IVF 
success. These parameters are as follows: in fresh 
semen, VCL, VSL, ALH, and percentage of hyperacti- 
vated sperm; after capacitated treatment, VCL, VSL, 
and LIN; and for the acrosomal reaction, the number 
of unreacted sperm before induction and the difference 
between the equatorial acrosomal reaction before and 
that after induction. 

Prospective studies will be needed to confirm that 
this diagnostic test has value in separating fertile from 
infertile males based on semen analysis. 
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