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Abstract

We evaluated the capacity of baseline characteristics and total 
motile sperm count (TMC) to predict total fertilization failure (TFF) in 
patients undergoing IVF. For this purpose a retrospective cohort study was 
performed in a university hospital of all IVF cycles between 1993 and 1999. 
A pre- and post-wash total motile count (TMC) were calculated during the 
fertility work-up and at the time of ovum pickup (OPU). Analysis of logistic 
regression and the receiver operating characteristic curve were used to 
determine which variables could be used to predict TFF. A total number of 
892 couples with a total of 1,569 consecutive IVF cycles were included. 
The area under the curve (AUC) for pre-wash TMC during fertility workup 
was 0.72, similar to a combination of pre- and post-wash TMC. At the 
time of OPU, both pre- and post-wash TMC had an AUC of 0.73. A model 
based on selected baseline characteristics (male age, number of IVF cycles, 
indication for IVF, and pre-wash TMC during fertility workup) had an AUC 
of 0.75. A model at the time of OPU, including the number of oocytes, 
had an AUC of 0.80. In conclusion, the use of both models, one before 
start of the IVF cycle and one at the time of OPU, allows an accurate 
prediction of the chance of TFF and is useful in counseling patients on 
whether to opt for IVF or ICSI.

Key Words: In vitro fertilization, male factor infertility, fertilization
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Use of the TMC to predict total fertilization failure in IVF

Introduction

Intra-cytoplasmic sperm injection (ICSI) has made it possible to achieve 
high fertilization and pregnancy rates in couples with severe male factor 
subfertility 1,2. At present, it is still not clear which patients with male factor 
subfertility would benefit from IVF and which patients would benefit from 
ICSI 3, 4. This is an important issue in view of the unknown long-term outcome 
of children conceived after ICSI and the high costs involved. Although recent 
reports do not show any significant difference between children conceived 
after ICSI and their naturally conceived peers in terms of physical health and 
development, it remains undetermined whether there is any later effect on the 
health of these children 5– 8. 

While ICSI can in principle be performed with only one sperm per 
oocyte, IVF requires oocytes to be inseminated with 10,000 motile sperm per 
oocyte to allow fertilization. The chance that none of the oocytes will fertilize in 
an IVF cycle, i.e., total fertilization failure (TFF), is high in the case of severe male 
factor subfertility. To prevent TFF, it is therefore essential to be able to predict the 
fertilization chances in IVF. If the chance of TFF in IVF is high, ICSI should be the 
choice of treatment. 

Many studies have reported a strong correlation between impaired 
semen parameters and fertilization capacity in IVF4, 9–16. However, none of these 
studies have provided a clear rule to help predict the probability of fertilization 
after IVF for the individual couple. Only one study showed a significant drop 
in the fertilization rate after IVF when less than 5% of spermatozoa showed 
normal morphology using strict criteria 14. Individual semen parameters like 
volume, concentration, and motility can be combined into the parameter of 
total motile sperm count (TMC), i.e., the total number of progressively motile 
spermatozoa present in the ejaculate. The TMC can be assessed directly from the 
ejaculate (pre-wash TMC) or after semen preparation (post-wash TMC). Since 
a density gradient centrifugation is performed during semen preparation, the 
post-wash TMC value also reflects the percentage of spermatozoa with normal 
morphology since morphologically normal spermatozoa are selected for during 
this procedure 17. 

In many centers, post-wash TMC during fertility workup is assessed in 
male factor subfertility to assist in deciding whether to treat with IVF or ICSI. 
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A cutoff value of 500,000 progressively motile spermatozoa is used in most 
centers to determine whether a couple will be admitted to the conventional IVF 
program, but this cutoff value is rather arbitrary 3. 

Therefore, the aim of the present cohort study of 892 consecutive 
IVF patients was to assess which baseline characteristics had the capacity to 
predict TFF in IVF. Furthermore, we wanted to determine whether pre-wash and 
post-wash TMC, during fertility workup and at the time of ovum pickup (OPU), 
were able to increase the prognostic capacity of a model of selected baseline 
characteristics.

Materials and methods

Patients
We included data from consecutive couples that underwent IVF 

treatment between January 1993 and December 1999 in the Academic Medical 
Center, Amsterdam, The Netherlands. The following baseline characteristics of 
these couples were available: female age, male age, number of cycles, indication 
for IVF, number of oocytes, and a semen analysis during the fertility workup. 
During this period, neither the clinical nor the laboratory management of IVF 
underwent substantial changes. The indications for IVF treatment were tubal 
factor infertility (32%), male factor subfertility (20%), unexplained infertility 
(16%), hormonal problems like polycystic ovary syndrome, immature ovarian 
failure, and hyperprolactinemia (5%), cervical factor (4%), endometriosis (1%), 
or a combination of factors (22%). IVF cycles that did not result in oocytes were 
excluded from the study. In couples for whom the results of semen analysis 
did not meet the World Health Organization (WHO) criteria for concentration, 
motility and/or morphology, a post-wash TMC was performed 18. If the post-
wash TMC during the fertility workup showed less than 200,000 progressively 
motile spermatozoa, the couple was excluded from the study and counseled to 
undergo ICSI. This study was approved by the Institutional Review Board of the 
Academic Medical Center in Amsterdam.

Semen Preparation
Semen preparation was performed in the same manner during fertility 

workup and at the time of OPU. Semen analysis was performed according to 
WHO guidelines18.

Patients abstained from sex for a minimum of 2 days, and analysis was 
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performed within 1 hour of ejaculation. After liquefaction, volume, concentration, 
and motility were determined and the pre-wash TMC was calculated. Semen 
was diluted 1:1 with culture medium (Ham’s F10 supplemented with pasteurized 
plasma protein solution) and subjected to density gradient centrifugation 
using 70% Percoll (Amersham Pharmacia Biotech, Uppsala, Sweden) or 70% 
PureSperm (Nidacon, Gothenburg, Sweden). Then the pellet was washed once 
with culture medium and, depending on the sperm concentration, resuspended 
in 1–2 mL of culture medium. The sample was then incubated for 1 hour at 37°C 
in 5% CO2 in air during which the motile spermatozoa were allowed to swim 
to the bottom of the tube (“swim-down”). Finally, the pellet was washed and 
the volume, concentration, and motility were assessed and the post-wash TMC 
was calculated. All measurements were performed with the Makler counting 
chamber (Sefi-Medical Instruments, Haifa, Israel).

IVF Protocol
Patients underwent controlled ovarian hyperstimulation using the GnRH 

agonist triptorelin (Ferring, Hoofddorp, The Netherlands) combined with hMG 
(Organon, Oss, The Netherlands), purified human FSH, urofollitrofine (Serono, 
The Hague, The Netherlands), or recombinant-FSH (Organon and Serono Benelux 
BV, The Hague, The Netherlands) in a long protocol. Cumulus-oocyte complexes 
were recovered by transvaginal ultrasound-guided retrieval 36 hours after a 
single injection of 10,000 IU of hCG (Organon). Cumulusoocyte complexes were 
inseminated individually with 10,000 progressively motile spermatozoa 40 hours 
after hCG in a final volume of 100 μL culture medium. In 410 cycles, 15,000 
progressively motile spermatozoa were used because of severe male factor 
subfertility or previous non-fertilization. Oocytes were inspected for fertilization, 
which was defined as the presence of two or more pronuclei approximately 18 
hours after insemination. At this time, all embryos were transferred individually 
to a fresh volume of 75 μL culture medium for further culture.

 Embryos were cultured under oil at 37°C in 5% CO2 in air. ET was on 
day 3 or in some instances on day 4. Pregnancy was determined by measuring 
serum β-hCG 12 and 18 days after OPU. 

Data Analysis
All data was recorded in a computer database (FileMaker Pro, Claris 

Corporation, Santa Clara, CA). Entered data were checked for accuracy by a 
second person. The capacity of pre-wash and post-wash TMC to predict TFF 

2011-11 Weert BW.indd   85 06-12-11   14:28



ch
ap

te
r 5

86

was analyzed during fertility workup and at the time of OPU using the receiver 
operating characteristic (ROC) analysis. We also constructed a ROC curve for the 
combination of pre- and post-wash TMC during fertility workup by replacing the 
pre-wash TMC by the post-wash TMC if the results of the semen analysis did not 
meet the WHO criteria. ROC curves were compared for statistically significant 
differences using a nonparametric approach 19. Stepwise logistic regression 
analysis was used to select baseline characteristics that predicted TFF. 

Selection of variables is usually performed with a significance level of 
5%. However, the incorrect exclusion of a factor would be more deleterious 
than including too many factors 20. Therefore, multivariate analysis included all 
variables with a p-value < .30 in the univariate analysis. We then used ROC 
analysis to evaluate whether TMC could improve the prognostic capacity of 
the couples’ baseline characteristics to predict TFF. We constructed two logistic 
models, one for the prediction of TFF before the start of the IVF cycle and one 
for the prediction of TFF at the time of OPU. In the latter model, the number of 
oocytes was considered as an extra variable. 

Then we forced pre- and post-wash TMC during fertility workup in the 
model for prediction of TFF at the start of IVF. We also forced pre- and post-
wash TMC during fertility workup, as well as pre- and post-wash TMC at the 
time of OPU, in the model for prediction of TFF at the moment of OPU. Since 
sperm preparation before January 1, 1999, was performed with Percoll, whereas 
PureSperm was used after that day, we tested whether the performance of the 
post-wash TMC was different before and after January 1, 1999, by introducing 
an interaction term into the model.

Results

We included 892 couples in the study; 429 couples underwent one cycle, 
249 couples underwent two cycles, and 214 couples underwent three cycles, for 
a total of 1,569 cycles. All patients had a semen analysis during the diagnostic 
fertility workup. A post-wash TMC was available for 201 of these patients. Of 
these 201 patients, 64 had one cycle, 93 had two cycles, and 44 patients had 
three cycles. Patient characteristics for the first IVF cycle are summarized in Table 
1. 
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Table 1 Patient characteristics for the first IVF cycle

All cycles Cycles with 
fertilization

Cycles without 
fertilization

p-value

No. of cycles 892 782 110 -
Female age at OPU (y) 34.0 34.0 33.7 .55
Male age at OPU (y) 36.8 36.5 37.2 .53
No. of oocytes 11 11.4 8.3 .0001
Pre-wash TMC  
(fertility workup)

83.2 x106 90.2 x106 33.1 x106 .0001

Post-wash TMC 
(fertility workup)

3.7 x106 4.0 x106 2.8 x106 .40

Pre-wash TMC 
(at OPU)

88.5 x106 97.0 x106 28.0 x106 .0001

Post-wash TMC 
(at OPU)

20.4 x106 22.2 x106 7.6 x106 .0001

Note: OPU=ovum pick-up; TMC=total motile count.

When comparing cycles with fertilization with cycles with TFF, the 
number of oocytes, pre-wash TMC during fertility workup, and both pre- and 
post-wash TMC at the time of OPU differed significantly. In total, 167 cycles 
resulted in TFF (10.6%). The TFF rate was 110/892 (12.3%) in the first cycle, 
41/463 (8.9%) in the second cycle, and 16/214 (7.5%) in the third cycle. The 
importance of TFF with regard to pregnancy rates is illustrated in Figure 1A, 
which shows the pregnancy rates for several post-wash TMC cutoff values at the 
time of OPU for all cycles and for cycles with fertilization only. 

Figure 1A Relationship between post-wash TMC at the time of OPU and pregnancy rates 
and TFF
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 (A): Pregnancy rates for several post-wash TMC cutoff values for all cycles (dashed line) and for cycles 
with fertilization only (solid lines). Pregnancy rates increase with increasing post-wash TMC cutoff values 
if all cycles are included but remain constant when cycles with TFF are excluded.
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Pregnancy rates increase from 20% to 26% with increasing values of 
post-wash TMC when cycles with TFF are included. In contrast, if cycles with TFF 
are excluded, the pregnancy rate is not dependent on the post-wash TMC value 
and remains constant around 30%. In other words, if fertilization occurs, the 
chance for a cycle to result in a pregnancy is independent from the post-wash 
TMC value. Furthermore, the probability for a cycle to result in TFF increases with 
decreasing post-wash TMC cutoff values (Fig. 1B). 

Figure 1B Relationship between post-wash TMC at the time of OPU and pregnancy rates 
and TFF
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 (B) Correlation between post-wash TMC cutoff values and TFF. The frequency of TFF increases with de-
creasing post-wash TMC values.

ROC Analysis
The areas under the curve (AUC’s) for the prediction of TFF are shown 

in Table 2. 

Table 2 Receiver operating characteristic analysis results for all cycles in the prediction of total 
fertilization failure.

AUC 95%CI

Fertility workup
Pre-wash TMC 0.72 0.67–0.76
Post-wash TMC (201 couples) 0.62 0.50–0.68
Combination of pre- and post-wash TMC 0.72 0.68–0.76

Time of OPU
Pre-wash TMC 0.73 0.69–0.77
Post-wash TMC 0.73 0.69-0.77

Note: AUC= area under the curve; CI= confidence interval; OPU= ovum pickup; TMC= total motile count. 
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The pre-wash TMC during fertility workup had an AUC of 0.72. In 
the 201 patients that underwent a post-wash semen analysis, the post-wash 
TMC had an AUC of 0.62. The ROC curve for the pre-wash TMC in these 201 
couples was 0.57. The combination of pre- and post-wash TMC showed an 
area under the ROC curve of 0.72. The pre and post-wash TMC’s at the time of 
OPU both had an area under the ROC curve of 0.73. The difference between 
the ROC curves for pre- and post-wash TMC at OPU, pre-wash TMC during 
fertility workup, and the combination of pre- and post-wash TMC during fertility 
workup was not statistically significant (p<.65). A comparison between the ROC 
curve for post-wash TMC during fertility workup and other ROC curves was 
considered inappropriate because a post-wash TMC was performed in only 201 
out of 892 patients.

Logistic Regression Analysis and Models
Table 3 shows the results of the logistic regression analysis for the 

prediction of TFF. 
A stepwise selection logistic regression procedure selected six of the 

eight baseline factors in the univariate model: male age, number of IVF cycles, 
tubal factor, ovulation factor, cervical factor, and number of oocytes. Based on 
these results, two models were constructed: one model for the prediction of 
TFF before the start of the IVF cycle (based on male age, number of IVF cycles, 
and indication for IVF) and one model for the prediction of TFF at the time of 
OPU (based on male age, number of IVF cycles, indication for IVF, and number 
of oocytes). 
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Table 3 Results of the univariate and multivariate analysis for the prediction of total fertilization 
failure at the time of ovum pickup (OPU).

Univariate analysis Multivariate analysis
Variables OR 95%CI p OR 95%CI p
Female age (y) .99 .99-1.04 .87
Male age (y) .98 .95-1.01 .16 .98 .95-1.01 .18
Cycle number 1.4 .98-2.1 .06 1.3 1.04-1.7 .02
Infertility factors

Tubal factor 3.9 2.6-6.0 .001 4.7 3.1-7.2 .001
Ovulation factor 1.7 .78-3.8 .18 2.8 1.2-6.1 .005

Endometriosis .73 .28-1.9 .42
Cervical factor 2.5 .89-6.8 .08 4.1 1.5-12 .004

No. of oocytes 1.08 1.0-1.12 .001 1.1 1.07-1.14 .00001
Pre-wash TMC workup 1.01 1.01-1.02 .001
Post-wash TMC workup 1.04 .99-1.09 .11
Combined pre- and post-wash 1.02 1.01-1.08 .001
Pre-wash TMC OPU 1.01 1.01-1.02 .001
Post-wash TMC OPU 1.04 1.03-1.05 .001

Note: Selected baseline characteristics with p-values < .30 are in italics. CI=confidence interval; OR= odds 
ratio; TMC= total motile sperm count.

The model for prediction of TFF before the start of the IVF cycle had an 
area under the ROC curve of 0.70 (Table 4). 

Table 4 Performance of models in the prediction of total fertilization failure.

Model before the start of the IVF cycle AUC 
Male age, indication for IVF and cycle number 0.70
Male age, indication for IVF, cycle number, and pre-wash TMC at workup 0.75
Male age, indication for IVF, cycle number, and pre-wash and post-wash TMC at 
workup

0.75

Model at the time of OPU
Male age, indication for IVF, cycle number, And no. of oocytes 0.75
Male age, indication for IVF, cycle number, no. of oocytes and pre-wash TMC at 
workup

0.80

Male age, indication for IVF, cycle number, no. of oocytes, pre-wash TMC at 
workup and pre-wash TMC at OPU

0.81

Male age, indication for IVF, cycle number, No fo oocytes, pre-
wash TMC at workup and post-wash TMC at OPU

0.80

Note: OPU= ovum pickup; TMC= total motile count.

Adding the pre-wash TMC during the fertility workup to this model 
significantly increased the area under the ROC curve to 0.75 (p<.001). Adding 
the post-wash TMC obtained during the fertility workup did not further increase 
the performance of the model (AUC =0.75; p=.55). The interaction term that was 
introduced to evaluate whether performance of the post-wash TMC was different 
with Percoll or PureSperm was not statistically significant (p=.21), indicating that 
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there was no difference in performance between Percoll or PureSperm. 
The model for prediction of TFF at the time of OPU, which included 

the number of oocytes, had an area under the ROC curve of 0.75. Addition of 
the pre-wash TMC during fertility workup increased the performance of the 
model to 0.80 (p<.001). Addition of the pre- or post-wash TMC obtained at 
OPU did not increase the performance of the model any further (AUC = 0.81 
and 0.80, respectively, Table 4). To evaluate the predictive performance of the 
model, the relation between the predicted probabilities of fertilization of the 
logistic regression model and the observed relative frequencies of fertilization is 
shown in Figure 2.

Figure 2 Relationship between the predicted probabilities of fertilization and the observed 
relative frequencies. 

Cycles are divided into 10 groups based on predicted probabilities. Error bars indicate 95% confidence 
intervals.

 Since observed relative frequencies are virtually equal to the predicted 
probability, the predictive performance of the model was acceptable.

Application of the Models 
Figure 3 shows a plot of the predicted probability for TFF before the 

start of the IVF cycle, i.e., based on the model of baseline characteristics and 
pre-wash TMC during the fertility workup, vs. the predicted probability for TFF at 
OPU, i.e., based on the model of baseline characteristics, pre-wash TMC during 
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the fertility workup, and the number of oocytes. 
Figure 3 Correlation between predicted probability of TFF before the start of the IVF cycle 
and at the time of OPU.

Cycles with TFF (solid circles); cycles with fertilization (open circles). Numbers indicate the number of 
cycles in each quadrant, while percentages indicate the observed rate of TFF in each quadrant.

If we presume that the probability of TFF in an IVF program has to be 
lower than 10%, then we can conclude from Figure 3 that if the predicted 
probability for TFF before start of the IVF cycle is < 4%, the predicted probability 
after OPU will always be < 10% (vertical line, Fig. 3). This is the case in 441/1,892 
cycles (lower left quadrant, Fig. 3). Among the other 1,128 cycles, 534 have a 
predicted probability of TFF of < 10% after taking into account the number of 
oocytes (lower right quadrant, Fig. 3). The remaining 594 cycles have a predicted 
probability of TFF of > 10% (upper right quadrant, Fig. 3). The observed TFF rates 
in these three categories were 2.2%, 4.9%, and 22.5%, respectively (Fig.3).

2011-11 Weert BW.indd   92 06-12-11   14:28



ch
ap

te
r 5

93

Use of the TMC to predict total fertilization failure in IVF

Discussion

The choice of the most appropriate assisted reproductive treatment (IUI, 
IVF, or ICSI) for the individual couple is often a difficult one. ICSI is effective in 
cases of severe male factor subfertility as it almost completely avoids TFF. Its 
success has undoubtedly led to an overuse of this more invasive procedure. The 
challenge in reproductive medicine, however, is to achieve pregnancies resulting 
in the birth of healthy children with the least invasive technology available. 

In this retrospective study, we have shown that if fertilization occurs with 
IVF, the pregnancy rate is comparable for all couples, even for couples suffering 
from severe male factor subfertility. This means that IVF is an appropriate 
treatment when the risk of TFF is low. ROC analysis indicates that a model 
consisting of baseline characteristics, i.e., male age, number of IVF cycles, and 
indication for IVF has good capacity to predict TFF (AUC = 0.70). Adding the 
pre-wash TMC obtained during the fertility workup improved the prognostic 
capacity significantly (AUC = 0.75, p<.001), but adding the post-wash TMC did 
not (AUC = 0.75). Adding the number of oocytes obtained during the IVF cycle 
further increased the prognostic capacity (AUC = 0.80, p<.001), but adding the 
TMC values at the time of OPU did not. 

We excluded couples for which the post-wash TMC during the fertility 
workup showed less than 200,000 progressively motile spermatozoa, since these 
couples were counseled to undergo ICSI. This implies that the predictive capacity 
of post-wash TMC as found in the present study might be underestimated. 
However, we think it is unlikely that exclusion of these couples had a significant 
impact on the outcome of the study.

Another issue in the assessment of the post-wash TMC is that it was 
measured only if the semen analysis was abnormal. Thus, we had only post-
wash TMC results in 201 out of 892 couples. As a consequence, a comparison 
of the pre-wash TMC in 892 couples and post-wash TMC in 201 couples would 
have been biased.

 We therefore performed an analysis in which we used the post-wash 
TMC when the semen analysis did not meet the WHO criteria and a pre-wash 
TMC in other cases. This analysis showed that such a combination of pre- and 
post-wash TMC during fertility workup did not have a greater prognostic capacity 
compared with pre-wash TMC alone (AUC = 0.72 and 0.72 respectively, p=.65). 
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Other investigators have studied individual semen parameters like 
teratozoospermia and asthenozoospermia as predictors for TFF in IVF 14,15. 
Although a correlation between these semen parameters and fertilization chance 
in IVF has been established, no clear cutoff value could be determined. ROC 
analysis of pre-wash TMC during fertility workup in our study also did not reveal 
a clear cutoff value. Although semen parameters biologically seem the most 
plausible factors involved in TFF, several other factors also showed prognostic 
capacity in our study. Pre-wash TMC by itself had reasonable prognostic capacity 
(AUC = 0.72). When all other prognostic variables were included in the model, 
however, the prognostic capacity increased significantly (AUC = 0.80, p<.001). 
This indicates that merely looking at semen parameters does not allow the most 
accurate prediction of TFF. 

Thus, one should take into account all variables that have prognostic 
capacity for TFF when determining the most appropriate reproductive technique. 
With the use of the model of baseline characteristics and pre-wash TMC, 441 
out of 1,569 cycles in our cohort could have been safely treated with IVF before 
the start of the cycle since the risk of TFF was < 10%. For the remaining 1,128 
cycles, the decision between IVF and ICSI could have best been postponed until 
the time of OPU when the number of oocytes is known. 

At this time, the model of baseline characteristics, pre-wash TMC, and 
the number of oocytes would have indicated that 534 cycles could be treated 
with IVF. The remaining 594 cycles would have been better off being treated 
with ICSI since the probability of TFF was higher than 10% based on the model 
at the time of OPU. 

The results of this retrospective cohort study show that the choice 
between IVF or ICSI can be made before the start of the IVF cycle by using a 
model of baseline characteristics including pre-wash TMC or, when the model 
is inconclusive, by postponing the choice of treatment to the day of OPU when 
the number of oocytes is known. In this way, effective treatment with the least 
possible burden can be offered by choosing IVF when the probability of TFF is 
low and ICSI when the probability of TFF is high.
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