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A B S T R A C T

Objectives: To identify predictors of total fertilization failure (TFF) and thereby optimize the primary

allocation of patients with no well-defined male factor to either IVF or intracytoplasmatic sperm

injection (ICSI). Further, to evaluate the long-term fertility prognosis of couples experiencing TFF.

Study design: A retrospective case-control study including 304 couples with TFF and 304 controls with

fertilization after IVF during a 10-year period from year 2000–2010. The controls were the patients with

minimum one fertilized oocyte just prior to the cases. Multiple logistic regression analysis was used to

evaluate the predictors of TFF.

Results: The multiple regression analysis identified the following independent predictors of TFF: female

smoking, adjusted odds ratio (AOR) 1.7 (95% CI 1.1–2.3), non-tubal factor AOR 2.2 (95% CI 1.5–3.4),

progressive motile spermatozoa after preparation � 106/ml (Log 2 scale) AOR 1.4 (95% CI 1.2–1.6). For

every oocyte, decreasing from four to one oocytes, the risk of TFF increased with AOR 2.0 (95% CI: 1.5–

2.9) and from seven to four oocytes with AOR 1.2 (95%CI: 1.0–1.3), respectively. In case of more than

seven oocytes the risk of TFF did not vary significantly by the number of oocytes. Female age, BMI,

duration of infertility, earlier natural or IUI conceptions were not predictors of TFF. After a minimum of

30 months of follow-up from the index cycle, 50% of the TFF patients succeeded in a live childbirth

compared with 70% of the controls. Only thirty five percent of the total number of births in the TFF

patients was after ICSI.

Conclusion: The risk of TFF is associated with the number of available oocytes for fertilization, female

smoking, non-tubal factor infertility and an apparently minor sperm factor. However, anticipated

predictors like advanced female age, duration of infertility and earlier conceptions proved not to have

any predictive value. Couples experiencing TFF have a significantly reduced overall long-term chance of

live birth compared with controls.

� 2014 Published by Elsevier Ireland Ltd.
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Introduction

Total fertilization failure (TFF) occurs in 5 -15% of couples
undergoing in vitro fertilization (IVF) despite an apparently normal
sperm quality [1]. In 2008 a total of 115875 aspirations resulted in
101,809 transfers in Europe, leaving 12% without any transferable
embryos after assisted reproductive technology (ART) treatment
[2]. This may be a result of failed fertilization or poor embryo
quality. An increasing use of intracytoplasmic sperm injection
(ICSI) as the preferred fertilization method is observed in many
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countries [3]. In Western and Central Europe ICSI now accounts for
more than 75% of all cycles. The generally accepted indication for
ICSI treatment is severe male factor infertility or previous failed
fertilization after IVF treatment. However in the United States
more than 50% of ICSI cycles were performed in couples without
any male factor [2,3], hence ICSI is now used on much wider
indications.

A more restrictive fertilization strategy may be preferable as
ICSI may increase the incidence of de novo chromosome anomalies
in the children [4,5]. ICSI may also result in a lower number of
fertilized oocytes than IVF, as only metaphase II oocytes are
injected and finally, the ICSI procedure is more expensive and time
consuming [3,6]. To justify the more restrictive ICSI strategy in
Northern Europe, clinical tools are needed to optimize the primary
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allocation of patients to either IVF or ICSI to prevent fertilization
failure. A better model to predict couples with a high risk of
fertilization failure after IVF treatment would restore IVF as the
gold standard in couples without severe male factor infertility.

In the present study we compared treatment outcomes in
couples that experienced TFF after IVF to a control group with
fertilization after IVF. The aim of the present study was to identify
risk factors of TFF in the individual couple after IVF and to assess
the long-term prognosis of achieving a live birth after the first TFF
cycle.

Material and methods

This case control study includes 304 couples with TFF after IVF
at the Fertility Clinic, Rigshospitalet, Copenhagen University
Hospital during a 10-year period from January 2000 to June
2010. Cases were compared with 304 controls that achieved
fertilization.

Cases and controls

During the study period all couples with no fertilization after
an IVF treatment cycle were identified. Only the first cycle with
TFF in a couple was included. Exclusion criteria were: couples
without a complete identifiable clinical file (n = 3), couples who
were converted to IVF from intrauterine insemination treat-
ment cycle (n = 25) and couples treated with IVF after auto-
transplantation of cryopreserved  ovarian tissue (n = 4). The
controls were selected as the female patient with fertilization of
at least one oocyte after IVF with oocyte pick-up prior to the TFF
case.

In addition to basic data, treatment characteristics and outcome
of the index cycle and of the subsequent cycle were recorded.

 
 

 

Table 1
Female and male characteristics including the reproductive history of th

TFF 

Female characteristics n = 304 

Mean female age � SD 34 � 4 

Median BMI kg/m2 (IQR) 22 (21–

Female smoking 30% (86

Chronic diseases 15% (44

Previous operations in lower abdomen 43% (12

Infertility diagnoses

Tubal factor 35% (10

Uterine factor 9% (28/3

Cervix-vaginal factor 7% (20/3

Anovulation 11% (32

Endometriosis 15% (45

Unexplained infertility 25% (75

Male characteristicsb n = 284 

Mean male age � SD 36 � 7 

Male smoking 33% (87

Chronic diseases 9% (24/2

Cryptorchidism or hernia surgery 9% (22/2

Urogenital operations or infections 20% (50

Reproductive historyb n = 284 

Duration of infertility

Median, months (IQR) 43 (30–

Median, number of previous IUI cycles (IQR) 3 (0–4) 

1st cycle patients 58% (16

Previous pregnant �1 43% (11

Previous pregnant with husband �1 25% (63

Given birth �1 13% (35

a NS = non-significant.
b All donor semen cycles were excluded.

* p-values according to the x2-test for categorical data, Student’s t-test 

normally distributed quantitative data.
Criteria for allocation to IVF versus ICSI

Throughout the study period the standard practice in our unit
was to use IVF in all cases with no severe male factor infertility (�2
millions spermatozoa with progressive motility). Before entering
ART, all couples with no tubal factor infertility and with �
2 millions progressive motile spermatozoa, were offered up to
three intrauterine inseminations.

Laboratory evaluation of semen and oocytes

Semen quality was evaluated as part of the diagnostics work-up
by a conventional semen analysis according to the WHO criteria.
The lower normal reference values without the use of strict criteria
for morphology [7] were: sperm concentration �20 millions/ml,
percentage motile spermatozoa �50% and percentage morpholog-
ically normal spermatozoa �30% ([7]).

The oocytes were assessed for fertilization approximately 20 h
after sperm addition to check for pronuclei. After twenty-six hours
the oocytes were reassessed to check for early cleavage.

Follow-up

Follow-up on ultrasound verified pregnancies were made until
the woman had finished her treatment at the fertility clinic,
Rigshospitalet. Additionally long-term follow-up (2.5 to 13 years)
was also collected from the Danish Medical Birth Register. The
study was approved by the Danish Data Protection Agency (No.
2012-41-0586).

Statistical analysis

Descriptive statistics were presented as numbers and percen-
tages for categorical data, means and standard deviations for
e couples with and without total fertilization failure (TFF).

Controls p-Value

n = 304

33 � 4 NSa

25) 22 (21–25) NS

/289) 20% (56/287) 0.004

/298) 12% (37/301) NS

8/300) 43% (129/301) NS

1/293) 46% (139/302) 0.004

00) 7% (20/304) NS

00) 7% (13/304) NS

/300) 14% (42/304) NS

/300) 11% (32/303) NS

/301) 25% (75/304) NS

n = 273

36 � 6 NS

/261) 28% (71/255) NS

61) 10% (26/256) NS

58) 9% (22/255) NS

/258) 19% (48/255) NS

n = 273

62) 40 (28–60) NS

2 (0–4) 0.02

6/296) 50% (152/303) NS

6/272) 40% (107/268) NS

/255) 24% (61/241) NS

/276) 11% (30/266) NS

for normally distributed data or the Mann–Whitney U test for non-
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normally distributed data, or medians and inter quartile ranges for
non-normally distributed quantitative data. Differences were
assessed by use of the chi-square test, Student’s t-test or Mann–
Whitney U-test where appropriate. Potential predictors of TFF
were evaluated in simple logistic regression analyses. Significant
predictors were analyzed by multiple logistic regression. For all
quantitative predictors the fit of the linear logistic model was
compared with a third order polynomial model. Due to the case-
control design we were not able to estimate the overall risk of TFF.
We performed an estimation based on the assumption of a 10%
prevalence of TFF. To further assess the highly non-linear effect of
decreasing number of oocytes, we approximated the third order
polynomial by a piecewise linear function on the range from 1–3,
4–6 and 7 oocytes from which the increase in risk of TFF associated
with having one less oocyte could be obtained. Time to live birth in
the TFF and control groups were illustrated in a Kaplan Meier plot
(survival analysis) and compared using the log rank-test. p-Values
<0.05 were considered statistically significant.

We used SPSS version 20 for all statistical purposes save from
the multiple and non-linear logistic regression analyses which
were carried out in ‘‘R’’ statistical software version 2.15.3 [8].

Results

Female and male characteristics as well as reproductive history
are described in Table 1. The mean female age was similar between
cases and controls. The proportion of current female smokers was
significantly higher in TFF cases and included significantly fewer
women with tubal factor than controls (Table 1).

Number of oocytes and sperm counts

The distribution of number of retrieved oocytes was significant-
ly different in cases and controls (Table 2). The ‘‘ovarian sensitivity
index’’ (total gonadotropin dose/eggs retrieved) differed signifi-
cantly between the TFF cases and the controls. The mean sperm
quality on the day of oocyte pick-up was significantly reduced in
couples experiencing TFF compared to controls (Table 2).

 
 

 

Table 2
Patient distribution, treatment characteristics and sperm quality on the day of oocyte re

with fertilization.

Patient distribution
Number of oocytes retrieved

1–3 oocytes 

4–6 oocytes 

�7 oocytes 

Stimulation protocol
Agonist 

Stimulation period (mean days) � SD 

Total dose of gonadotropins used (mean IU) � SD 

Median, number of oocytes retrieved (IQR) 

Ovarian sensitivity index (total dose/oocytes retrieved) � SD 

Antagonist 

Stimulation period (mean days) � SD 

Total dose of gonadotropins used (mean IU) � SD 

Median, number of oocytes retrieved (IQR) 

Ovarian sensitivity index (total dose/oocytes retrieved) � SD 

Semen quality on the day of oocyte retrievala

Median sperm concentration (�106/ml) (IQR) 

Median progressive motile spermatozoa after preparation (�106/ml) (IQR) 

a All donor semen cycles were excluded.
b Couples with missing semen data were excluded.

* p-values according to the x2-test for categorical data, Student’s t-test for normally distr

data.
We found an association between decreasing semen quality and
increasing oocyte count in the TFF couples. A one-way ANOVA
analysis including only the TFF cases showed a significant
difference in the total number of progressive motile spermatozoa
in couples with 1–3 oocytes retrieved (mean = 22 millions/ml, 95%
CI 16–26) compared to couples with �7 oocytes (mean 13 millions/
ml, 95% CI 10–16) (p = 0.027). This was not seen in the controls.

Predictors of TFF

The following covariates were significant predictors of TFF:
female smoking, number of oocytes, non-tubal factor infertility
and progressive motile sperm count after preparation (Log 2-
scale). None of the following parameters: female age, BMI, duration
of infertility, earlier natural or IUI-conceptions were significant
predictors of TFF. All significant predictors were finally entered
into a multiple logistic regression analysis (donor semen cycles
excluded). This identified the following independent predictors:
female smoking, adjusted odds ratio (AOR) 1.7 (95% CI 1.1–2.3),
non-tubal factor infertility AOR 2.2 (95% CI 1.5–3.4), Log 2
(progressive motile spermatozoa after preparation � 106/ml)
AOR 1.4 (95% CI 1.2–1.6). One less oocyte increased the risk of
TFF with AOR 2.0 (95% CI: 1.5–2.9) four to one oocytes and with
AOR 1.2 (95% CI: 1.0–1.3) from seven to four oocytes, respectively.
In cases with more than seven oocytes the risk of TFF did not vary
significantly with the number of oocytes.

Fig. 1 illustrates the risk of TFF in relation to number of oocytes
and presence of tubal factor or smoking. Fig. 2 illustrates the
expected risk of TFF in males with an average number of
progressive motile spermatozoa (median = 23 millions/ml) com-
pared to the expected risk in males with the 5% lowest and highest
count of progressive motile sperm.

Subsequent cycle after TFF

A total of 237 out of 304 TFF patients continued ART treatment.
In the subsequent cycle they received a higher dose of
gonadotropins (mean 2721 IU) and had more oocytes retrieved
trieval in the index cycle in 304 couples with TFF compared to 304 control couples

TFF Controls p-Value

n = 304 n = 304

41% (125/304) 12% (35/304) <0.001

39% (119/304) 36% (110/304) NS

20% (60/304) 52% (159/304) <0.001

73% (221/304) 82% (249/304) NS

11 � 2 10 � 2 NS

2583 � 1336 2096 � 966 <0.001

5 (3–7) 8 (6–11) <0.001

989 � 1366 346 � 359 <0.001

25% (76/304) 17% (53/304) NS

8 � 2 8 � 2 NS

2444 � 1286 2325 � 1190 NS

3 (2–5) 6 (5–9) <0.001

1118 � 1231 535 � 704 0.001

n = 284 n = 273

n = 275b n = 271b

80 (30–133) 96 (50–176) 0.005

n = 278b n = 273

16 (8–40) 31 (11–65) <0.001

ibuted data, or the Mann–Whitney U test for non-normally distributed quantitative



Fig. 1. The risk of total fertilization failure (TFF) with increasing number of oocytes

retrieved in women with tubal factor infertility, smokers and in women with

neither of these.

Fig. 2. The risk of total fertilization failure (TFF) with increasing number of oocytes

retrieved depends on the number of progressive motile spermatozoa available for

fertilization.
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(median 6; range 0–25) compared to the index cycle. The clinical
pregnancy rate per oocyte pick-up was 17% (Table 3).

Long-term prognosis

Follow-up at the fertility clinic, Rigshospitalet, showed that 36%
of the TFF patients and 58% in the control group obtained
ultrasound verified pregnancy (Table 4). With long-term follow-up
Table 3
Fertilization- and pregnancy rates in the 1st ART cycle after the TFF cycle in 237 TFF c

Oocyte count in the index cycle 1–3 oocytes 

Fertilization in the 1st ART cycle after TFF
n = 237 n = 89 

IVF 72% (42/58) 

IVF-D 100% (8/8) 

ICSI 70% (16/23) 

Total fertilized 74% 

Pregnancy and live birth after the 1st ART cycle after TFF
n = 237 n = 89 

Positive s-hCG 29% (26/89) 

Clinical pregnancy week 6–7 16% (14/89) 

Live childbirth 10% (9/89) 
(between 2.5 to 13 years) 50% of the TFF patients succeeded in a
live birth, which was significantly lower than the 70% in the
controls, p < 0.001 (Table 4). Survival analysis and a Kaplan Meier
plot shows the estimated percentages of couples that succeed in a
live childbirth after 1–13 years of follow up (Fig. 3). Thirty-five
percent of the total number of live births in the TFF group was
conceived by ICSI, 11% by IVF and 9% by frozen embryo transfers
(FET’s) while 45% were due to other conception methods such as
insemination with husband or donor semen, spontaneous concep-
tion and oocyte donation.

Comment

We found the following factors to be independent predictors of
total fertilization failure: female smoking, non-tubal factor
infertility, few oocytes retrieved and a low number of progressive
motile spermatozoa although the sperm count remained within
the normal range. Further, we observed an association between
declining semen quality and increasing number of retrieved
oocytes in the TFF cases, supporting that TFF is clearly related to
both oocyte factors and semen quality.

One obvious difference between the cases with TFF and the
controls was the high proportion of females with few oocytes
retrieved in the TFF cases. The new ESHRE consensus criteria
defines a poor ovarian response (POR) as less than four oocytes
retrieved [9]. We used this cut-off in our analysis and found a 3-
fold higher number of cases with less than four oocytes in TFF cases
compared to controls (41% vs. 12%). Our findings are in accordance
with the study by Kinzer et al. [10]. To prevent TFF in older women
a tendency toward ICSI has been observed [3]. Whether this is
appropriate still remains unclear as the existing studies show
contradictory results as concluded by several authors, including
the best practice committee of ASRM in 2012 [11–14].

We hypothesized that the TFF group consisted of a larger
population of older women who were low-responders and with a
poor oocyte quality. To test this we deliberately did not age-match
our controls. Our results showed that the female age in cases and
controls was indeed similar, but low responders were more
frequent in the TFF population as the ovarian sensitivity index was
significantly higher compared to the controls. Thus the lower
number of retrieved oocytes in the TFF group was not related to
chronological age but to biological age–that is the ovarian reserve.
Therefore, the number of collected oocytes as a proxy of the
ovarian reserve appears to be a more appropriate predictor of TFF
than the female chronological age.

Female smoking proved to be a very important predictor of TFF.
This is in accordance with previous studies showing that smokers
have a significantly higher s-FSH level compared to non-smokers
particularly in younger women (<36 years) and need a higher
mean dose of gonadotropins and have fewer oocytes retrieved
compared with non-smokers [15,16]. In our study the TFF cases
ases stratified after the oocyte count in the TFF cycle.

4–6 oocytes �7 oocytes Total

n = 79 n = 69 n = 237

93% (13/14) 75% (3/4) 76%

100% (1/1) 67% (2/3) 92%

93% (59/64) 98% (61/62) 91%

91% 94% 86%

n = 79 n = 69 n = 237

28% (22/79) 30% (21/69) 29%

20% (16/79) 15% (10/69) 17%

14% (11/79) 13% (9/69) 13%



Table 4
Pregnancy rate and live birth rate in TFF patients and controls stratified by oocyte

count in the index cycle. The follow-up represents cumulative pregnancy rates after

ended treatment at Rigshospitalet and the long-term follow-up represent

cumulative live birth rates recorded in the national medical birth register after a

minimum of 30 months of follow-up. For the control population pregnancies

obtained in the index cycle are included.

Oocyte count in the

index cycle

1–3 oocytes

(%)

4–6 oocytes

(%)

�7 oocytes

(%)

Total

(%)

Follow-up
TFF patients n = 304 30 35 45 36

Control patients n = 304 34 56 64 58

Long-term follow-up
TFF patients n = 304 44 50 60 50

Control patients n = 304 54 71 72 70

Fig. 3. Survival analysis of time to live birth between cases and controls.
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received a higher mean dose of gonadotropins in their subsequent
ART cycle resulting in more oocytes at the pick-up day. This
suggests that some of our TFF cases received a sub-optimal
stimulation with gonadotropins in the TFF cycle, probably because
they were young and therefore unidentified low-responders.

Our results revealed a higher risk of TFF in couples with non-
tubal factor infertility hence couples with TFF in IVF primarily
suffer from endocrine and ovarian factor infertility or mild to
moderate male factor infertility.

We assumed that the TFF group would have no previous
pregnancies with their husband. However 25% of the TFF patients
had previously been pregnant, indicating that many cases of TFF is
not due to a definite fertility defect but rather represents an
episodic event. To our knowledge this has not been reported
previously.

In the TFF group more men had poorer sperm quality compared
with the controls though semen quality was still above the limit for
ICSI treatment. Another study on unexplained infertile couples
found that cases of TFF after IVF had a semen quality within the
normal range, but with a significantly lower sperm quality
compared to couples with fertilization [17]. A strong, negative
correlation between the number of oocytes and the sperm quality
on the day of oocyte retrieval was shown. This indicates that an
unidentified male factor may be responsible for the failed
fertilization in the TFF cases, where many oocytes were aspirated.

Totally, 86% of the TFF couples that continued ART treatment
had fertilized oocytes in the subsequent cycle. This is probably a
result of a combination of higher gonadotropin doses, more
oocytes retrieved and the use of ICSI in the majority (63%). A
previous study showed that the vast majority (94%) of the patients
who experience TFF in at least one IVF cycle are ultimately able to
achieve fertilization [10]. Only 17% of the TFF cases achieved an on-
going pregnancy in the subsequent cycle despite the use of ICSI.
Studies indicate that couples with TFF after IVF and with a normal
semen quality have a high fertilization rate after ICSI but a lower
pregnancy rate compared with couples with male factor infertility
[18–20]. Our results reveal that 45% of the total number of live
births in the TFF group was not conceived after ART treatment but
after other conception methods.

The cumulative pregnancy rate in our program was 36% among
TFF patients versus 58% in the control group. The long-term
prognosis was also reduced as 50% (153/304) of the TFF patients
succeeded in at least one live birth compared to 70% (212/304) of
the control patients indicating that TFF patients as a group are
more reproductively challenged.

In conclusion, the risk of TFF is closely related to the number of
available oocytes for fertilization, female smoking, the presence of
non-tubal factor infertility and an unrecognized male factor. Some
of the cases may be avoided by optimal gonadotropin stimulation,
whereas other cases with the lowest semen quality may have been
prevented by ICSI. Interestingly, 45% of TFF couples that eventually
achieved a live birth, conceived by other conception methods than
ART treatment. This indicates that even with a better allocation of
patients to ICSI the delivery rate in the TFF population may not
improve considerably. The overall long-term chance of live birth
among couples with fertilization failure is significantly reduced to
50%, compared to 70% in couples with no previous fertilization
failure.

Condensation

Total fertilization failure after in vitro fertilization is difficult to
predict and the chance of a future live birth in these couples is
significantly reduced.
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