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study question: Can an externally validated model, based on biological variables, be developed to predict successful sperm retrieval with
testicular sperm extraction (TESE) in men with non-obstructive azoospermia (NOA) using a large nationwide cohort?

summaryanswer: Our prediction model including six variables was able to make a good distinction between men with a good chance and
men with a poor chance of obtaining spermatozoa with TESE.

what is known already: Using ICSI in combination with TESE even men suffering from NOA are able to father their own biological
child. Only in approximately half of the patients with NOA can testicular sperm be retrieved successfully. The few models that have been devel-
oped to predict the chance of obtaining spermatozoa with TESE were based on small datasets and none of them have been validated externally.

study design, size, duration: We performed a retrospective nationwide cohort study. Data from 1371 TESE procedures were
collected between June 2007 and June 2015 in the two fertility centres.

participants/materials, setting, methods: All men with NOA undergoing their first TESE procedure as part of a fertility
treatmentwere included.The primaryend-pointwas the presence ofone ormore spermatozoa (regardlessof theirmotility) in the testicularbiopsies.

We constructed a model for the prediction of successful sperm retrieval, using univariable and multivariable binary logistic regression analysis
and the dataset from one centre. This model was then validated using the dataset from the other centre. The area under the receiver-operating
characteristic curve (AUC) was calculated and model calibration was assessed.

main results and the role of chance: There were 599 (43.7%) successful sperm retrievals after a first TESE procedure. The
prediction model, built after multivariable logistic regression analysis, demonstrated that higher male age, higher levels of serum testosterone and
lower levels of FSH and LH were predictive for successful sperm retrieval. Diagnosis of idiopathic NOA and the presence of an azoospermia
factorc gene deletion were predictive for unsuccessful sperm retrieval. The AUC was 0.69 (95% confidence interval (CI): 0.66–0.72). The difference
between the mean observed chance and the mean predicted chancewas ,2.0% in all groups, indicating good calibration. In validation, the model had
moderate discriminative capacity (AUC 0.65, 95% CI: 0.62–0.72) and moderate calibration: the predicted probability never differed by more than
9.2% of the mean observed probability.

limitations, reasons for caution: The percentage of men with Klinefelter syndrome among men diagnosed with NOA is
expected to be higher than in our study population, which is a potential selection bias. The ability of the sperm retrieved to fertilize an oocyte
and produce a live birth was not tested.
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wider implications of the findings: This model can help in clinical decision-making in men with NOA by reliably predicting the
chance of obtaining spermatozoa with TESE.

study funding/competing interest: This study was partly supported by an unconditional grant from Merck Serono (to D.D.M.B.
and K.F.) and by the Department of Obstetrics and Gynaecology of Radboud University Medical Center, Nijmegen, The Netherlands, the Depart-
ment of Obstetrics and Gynaecology, Jeroen Bosch Hospital, Den Bosch, The Netherlands, and the Department of Obstetrics and Gynaecology,
Academic Medical Center, Amsterdam, The Netherlands. Merck Serono had no influence in concept, design nor elaboration of this study.

trial registration number: Not applicable.
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Introduction
Azoospermia is defined by the complete absence of spermatozoa in the
ejaculate (WHO, 2009). It affects �1% of the male population (Jarow
et al., 1989) and can be divided into two main categories; mechanical
obstruction along the seminal tract (obstructive azoospermia (OA))
and an intrinsic testicular impairment of sperm production (non-
obstructive azoospermia (NOA)). NOA is diagnosed in 60% of azoo-
spermic men (Jarow et al., 1989; Matsumiya et al., 1994). Using ICSI in
combination with testicular sperm extraction (TESE) even men suffering
from NOA are able to father their own biological child.

TESE is an invasive procedure with an, albeit small, risk of complications,
including haematoma, inflammation and permanent devascularization, all
possibly resulting in the loss of a significant amount of testicular tissue
(Schlegel and Su, 1997; Donoso et al., 2007). Only in approximately half
of the patients with NOA can testicular sperm be retrieved successfully
(Chan and Schlegel, 2000; Colpi et al., 2005; Tournaye, 2010).

A number of factors have been suggested to be of predictive value to
distinguish patients with a good chance to retrieve sperm cells from
patients who have a poor chance. Factors such as testicular volume,
serum FSH levels and serum inhibin B levels (Chen et al., 2010; Toulis
et al., 2010; Bryson et al., 2014; Yildirim et al., 2014; Yang et al., 2015)
have been used as variables in several prediction models (Samli and
Dogan, 2004; Tsujimura et al., 2004; Boitrelle et al., 2011; Ramasamy
et al., 2013). Unfortunately, all these models are of limited value. Most
included only a limited number of patients and the models were not vali-
dated externally. Since a model tends to perform better in the population
in which it has been constructed, external validation is a crucial step
before the model can be used in daily practice across different centres
(Bleeker et al., 2003).

It is evident that patients should be well informed about their chances
of a successful TESE procedure and their likelihood to retrieve sperm
cells before consenting to the procedure. It would therefore be of
great value to be able to estimate an individual’s chance of sperm retrieval
to empower patients in their decision-making. The aim of this study is to
develop an externally validated model to predict successful sperm
retrieval with TESE in men with NOA in a large nationwide cohort.

Materials and Methods

Study design
We performed a nationwide retrospective cohort study among all men
diagnosed with NOA undergoing a first TESE as part of a fertility treatment
in the Radboud University Medical Center, Nijmegen (Radboudumc—
development set) and the Academic Medical Center, Amsterdam

(AMC—validation set), The Netherlands. Data were collected between
1 June 2007 and 1 June 2015. These two centres were the only centres
offering TESE–ICSI during the study period until 1 October 2014, as legal
restrictions in the Netherlands limited TESE–ICSI to be conducted only in
research settings.

Ethical approval
The protocol for this multicentre study was approved by the Dutch Central
Committee on Research involving Human Subjects (NL12408.000.06
CCMO, The Hague, The Netherlands). All couples signed informed
consent for treatment and follow-up before participating in this study.

Study population
We included all men diagnosed with NOA and undergoing their first TESE as
a part of fertility treatment. NOA was defined as azoospermia without evi-
dence of obstruction and with an elevated level of FSH (.10 UI/l),
decreased level of inhibin B (,150 ng/l) and/or small testicular volume
(,15 cc per testis) (Adamopoulos and Koukkou, 2010; Jungwirth et al.,
2015). Before surgical sperm extraction, each male underwent a complete
andrological evaluation by a urologist. We defined idiopathic NOA when
there was no abnormality found in diagnostics such as Klinefelter syndrome,
azoospermia factor (AZF)-deletions, cryptorchidism, infection and malig-
nancy. Men with deletions of the AZFa or AZFb region of the Y chromosome
were excluded for TESE in the Radboudumc. Until September 2010, men
diagnosed with Klinefelter syndrome (47XXY) were excluded in both
centres due to restrictions in government policies.

TESE procedure
A TESE procedure was performed under local anaesthesia or occasionally
under general anaesthesia. A scrotal skin incision was made over the
largest testicle or, in case of equal volume, the testicle with the better consist-
ency. Thereafter, the tunica vaginalis was opened and, if necessary, the testis
luxated outside the scrotum. The tunica albuginea was longitudinally incised.
Either a longitudinal biopsy over the whole length (in case of uniform morph-
ology of the seminiferous tubules) or targeted biopsies of the thicker tubules
(in case of differences in quality of the tubules) were taken and immediately
transported to the fertility laboratory. The biopsy was then subjected to
mechanical dissection and cells present in the lumen of the tubules were
extracted (Silber, 2000). The obtained cell suspension was directly examined
for the presence of spermatozoa. If no spermatozoa were present in the
initial biopsy, then a subsequent biopsy was taken from the contralateral
testis. If spermatozoa were present, their number and motility were noted,
and the cell suspension was cryopreserved, as described previously
(Hessel et al., 2013).

Outcome
The presenceof one or morespermatozoa (regardless of their motility) in the
testicular biopsy was considered as successful sperm retrieval and was used
as the primary end-point of the study.

Prediction model for testicular sperm extraction success 1935
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Model building
A model was developed to calculate the probability of obtaining sperm with a
TESE procedure. Data from Radboudumc were used for building this model
(development set). Only the first performed TESE procedure for each couple
was included for the analysis. Candidate prognostic parameters or covariates
were male age (years), BMI (kg/m2), smoking behaviour (self-reported; yes/
no), alcohol consumption (self-reported; yes/no), duration of infertility
(months), serum testosterone (nmol/l), inhibin B (ng/l), FSH (IU/l) and
LH (IU/l) levels, total testicular volume (cc) (measured by physical examin-
ation) and aetiology of NOA (Klinefelter syndrome/AZFc deletion/crypt-
orchidism and/or orchidopexy/idiopathic/others).

For each candidate prognosticator, the association with successful sperm
retrieval was assessed using the x2 test in a logistic regression model. Collin-
earity between variables was assessed to prevent the inclusion of redundant
variables in the model. All cases were included in the final model, and cases
with missing covariate values were imputed using multiple imputation.
Missing data varied from 0% to �6% for the potential predictor variables
and these values were interpreted as missing at random. We checked the lin-
earity of the association between the continuous variables and a successful
sperm retrieval using cubic spline analyses and used transformation in case
of non-linearity.

Statistical analysis
Covariates were selected using forward selection (P , 0.15 for entry). Back-
ward elimination (P . 0.15 for removal) confirmed the covariate selection
for the final model. First-order interaction terms and quadratic terms were
tested, but not found to be significant.

For the final logistic regression model, we used the Akaike Information Cri-
terion for each imputation set separately to account for differences between
sets. Predictors for the final multivariable model were selected using the ma-
jority method. The receiver-operating characteristic (ROC) curve was
plotted, and the area under the curve (AUC, or c-statistic) was calculated.
These characteristics are data driven and presumably too optimistic, there-
fore the calculated values were denoted as ‘apparent’ AUC. Optimism-
corrected values were calculated using leave-one-out cross-validation, i.e.
regression coefficients associated with the ‘final model’ were re-estimated
with each case left out in turn. We then combined the ‘leave-one-out’ regres-
sion coefficient with the case’s covariate values in order to mimic the predic-
tion of the outcome for each case. Finally, a logistic regression model was
fitted with the resulting ‘leave-one-out’ prognostic index (PI) as the only cov-
ariate in order to obtain the optimism-corrected AUC. A histogram display-
ing the distribution of the predicted probabilities was plotted. A score chart
(Hunault et al., 2004) was constructed for easier application of the model.

Model validation
External model validation was based on the TESE data from the AMC in Am-
sterdam (validation set) and focused on two aspects: discrimination and cali-
bration (Leushuis et al., 2009).

Discrimination is the ability of the model to distinguish between cases with
and without the event of interest, in this case between men with successful
sperm retrieval with TESE and men where no spermatozoa could be
found. Discrimination was measured by the area under the ROC curve, i.e.
c-statistic. This statistic ranges from 0.5 (no discrimination) to 1 (perfect dis-
crimination). Calibration refers to correspondence between the predicted
probabilities and the observed probabilities. Calibration was assessed visually
by comparing predicted probabilities and observed probabilities after divid-
ing men into four groups based on their predicted probability and, more for-
mally, by fitting a logistic regression model with a single covariate for the
so-called PI, a linear combination of the case’s covariate values and the asso-
ciated regression coefficients.

For all analyses, we used IBM SPSS Statistics 22 (Chicago, IL, USA) and
STATA 14 (Stata-Corp, College Station, TX, USA).

Results
A total of 1371 first TESE procedures were included: 918 in the develop-
ment set and 453 in the validation set. Baseline characteristics are shown
in Table I. The sperm retrieval rate was 45.6% (419/918) in the develop-
ment set and was 39.7% (180/453) in the validation set.

Model building
The spline function demonstrated a non-linear association between the
continuous variable LH and successful sperm retrieval. We therefore
transformed LH to better fit the data using a polynominal: LH + LH2.

Univariable analysis confirmed that older men, men with higher tes-
tosterone and high inhibin B levels, men with a history of cryptorchidism
and/or orchidopexy and men with a larger testicular volume had
significantly higher chances of successful sperm retrieval. Diagnosis of
idiopathic NOA, Klinefelter syndrome, detection of an AZFc deletion
and high levels of FSH and LH were significantly associated with lower
chances of successful sperm retrieval.

The multivariable logistic regression model (Table II) included male
age, levels of testosterone, LH and FSH, diagnosis of idiopathic NOA
and the presence of an AZFc deletion as independent predictors.

Cases with missing values for the covariates selected in the final model
were evaluated separately. In these 81 cases (FSH (n ¼ 8), LH (n ¼ 46),
testosterone (n ¼ 43), AZF deletion (n ¼ 10), idiopathic NOA(n ¼ 10))
the fact of whether data were missing or was not associated with a
successful sperm retrieval.

The calculated probability of sperm retrieval in the development set
had a range from 6 to 93%, with a mean of 44% (Fig. 1A).

The model had moderate discriminative capacity in the development
set. The c-statistic was 0.70 (95% confidence interval (CI): 0.66–0.73)
and 0.69 (95% CI: 0.66–0.72) in the optimism-corrected model
(Fig. 2A). In the calibration model in the development set, the estimated
intercept was 20.01 (95% CI: 20.10 to 0.08) and the slope 1.03 (95%
CI: 0.84–1.22). The intercept approached zero and the slope unity. The
predicted probability of successful sperm retrieval was compared with
the observed sperm retrieval rate in that category. The difference
between the mean observed chance and the mean predicted chance
was ,2.0% in all groups, which indicates a good calibration of the
prediction model in the development set (Table III and Fig. 3A).

The mathematical formulation for predicting the probability of
sperm retrieval for an individual man is as follows: probability ¼ 1/
[1 + exp (2b)], where b ¼ 21.009 + (male age × 0.058) + (LH ×
20.115) + (LH2 × 0.001) + (FSH 2 0.019) + (testosterone × 0.034)
+ (AZFc deletion 2 1.480) + (idiopathic NOA 2 0.855). Table IV
shows an example of calculated probabilities of successful sperm retrieval
with TESE for five hypothetical men based on our prediction model.

External validation
The calculated probabilities of successful sperm retrieval in the validation
set ranged from 4 to 92%, with a mean of 41%, indicative of a population
with comparable probabilities to the men in the development set
(Fig. 1B). The discriminative capacity was in the same range as that in
the development set, with a c-statistic of 0.65 (95% CI: 0.59–0.70)
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(Fig. 2B). The predicted probability of successful sperm retrieval was
compared with the observed sperm retrieval rate in that category. The
difference between the mean observed chance and the mean predicted
chance was 2.2–9.4%, which indicates a moderate calibration of the pre-
diction model (Table III). Calibration is shown in Fig. 3B. The model
showed good calibration below 50% and above 65%. For the predicted
sperm retrieval rate between 50 and 65%, a slight overestimation was
seen. However, the CIs of the group with a poor predicted chance
(,35%) and the group with a moderate predicted change (50–65%)

did not overlap, indicating a reliable distinction between these prognostic
groups.

Discussion
This study was designed to develop and validate a model to predict suc-
cessful testicular sperm retrieval in men with NOA. Our prediction
model, built after multivariable logistic regression analysis, demonstrated
that higher male age, higher values for serum testosterone and lower

.............................................................................................................................................................................................

Table II Multivariable logistic regression model for successful sperm retrieval with TESE: stepwise-built logistic model,
each row depicting the cumulative contribution of a variable to a model including all variables from previous rows.

Covariate OR 95% CI P-value AUC AUC corrected

Male age 1.06 1.03–1.09 ,0.001 0.56 0.56

LH 0.91 0.88–0.93 ,0.001 0.63 0.62

LH2 1.002 1.000–1.003 0.05 0.64 0.63

FSH 0.98 0.96–0.99 0.003 0.65 0.64

Testosterone 1.03 1.01–1.06 0.023 0.65 0.64

AZFc deletion 0.24 0.11–0.52 ,0.001 0.66 0.65

Idiopathic NOA 0.44 0.32–0.59 ,0.001 0.69 0.67

AUC, area under the curve; CI, confidence interval; OR, odds ratio.

.............................................................................................................................................................................................

Table I Baseline characteristics of men with NOA who underwent a first TESE.

Total (n 5 1371) Development set (n 5 918) Validation set (n 5 453)

Clinical characteristics

Age (years, SD) 34.29 (6.3) 34.05 (6.02) 34.78 (6.83)

Duration infertility (months, SD) – 33.36 (25.24) –

Male BMI (kg/m2, SD) – 26.04 (4.13) –

Smoke n (%) Yes – 224 (24.6) –

No – 688 (75.4) –

Alcohol n (%) Yes – 705 (77.5) –

No – 205 (22.5) –

Testosterone (nmol/l, SD) 13.97 (5.46) 13.43 (5.33) 15.00 (5.55)

LH (IU/l,SD) 8.97 (4.99) 8.57 (4.67) 9.85 (5.53)

FSH (IU/l, SD) 22.13 (12.22) 21.57 (11.83) 23.27 (12.91)

Inhibin B (ng/l, SD) 39.04 (38.85) 40.09 (38.70) 35.89 (39.21)

Total testicular volume (cc, SD) – 24.94 (9.16) –

Diagnosis n (%)

Idiopathic 531 (38.7) 341 (37.1) 190 (41.9)

Klinefelter 85 (6.2) 42 (4.6) 43 (9.5)

AFZc deletion 63 (4.6) 35 (3.8) 28 (6.2)

Genetic (others) 12 (0.9) 8 (0.9) 4 (0.9)

Cryptorchidism and/or
orchidopexy

450 (32.8) 340 (37.0) 110 (24.3)

Others 209 (15.2) 142 (15.5) 67 (14.8)

Missing 21 (1.5) 10 (1.1) 11 (2.4)

NOA, non-obstructive azoospermia; TESE, testicular sperm extraction; AFZ, azoospermia factor.
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values for serum FSH and LH were predictive for successful sperm re-
trieval. Diagnosis of idiopathic NOA and the detection of an AZFc dele-
tion were predictive for unsuccessful sperm retrieval. The predictive
capacity was moderate with an AUC of 0.69 in the development set
and 0.65 in the external validation set. The calibration indicated that
our model could distinguish men with a poor prognosis from men with
a good prognosis, in terms of sperm retrieval.

A number of prediction models have been developed previously to
predict successful sperm retrieval with TESE in men with NOA (Samli
and Dogan, 2004; Tsujimura et al., 2004; Boitrelle et al., 2011; Ramasamy
et al., 2013). The efficacy of these models was moderate. One study
reported a sensitivity of 71.0% and a specificity of 71.4% (Tsujimura
et al., 2004), while another reported a sensitivity of 68.0% and a specificity
of 87.5% (Samli and Dogan, 2004). Two studies performed AUC analysis

Figure 1 Distribution of the men according to their calculated probabilities of sperm retrieval. (A) Development set (n ¼ 918) (B) Validation set
(n ¼ 453).

Figure 2 Area under the receiver-operating characteristic curve for prediction of sperm retrieval. (A) Development set (B) Validation set.

Cissen et al.1938
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and found an AUC of 0.64 (Ramasamy et al., 2013) and an AUC of 0.66
(Boitrelle et al., 2011). None of the developed models was externally
validated. For prediction models in the field of infertility, external

validation has a demonstrated lower predictive capacity when evaluated
in a different population (Altman and Royston, 2000). Thus, these
modelsneedexternal validationbefore theycan be used in clinicalpractice.

.............................................................................................................................................................................................

Table III Mean predicted probability of successful sperm retrieval versus the mean observed successful sperm retrievals.

Predicted chance No. of patients
in group

Mean predicted
chance (%)

No. of successful
sperm retrievals

Mean observed
chance (%)

Internal validation

,35% 301 25.4 81 26.9

35–50% 264 42.1 112 42.4

50–65% 228 57.0 134 58.8

.65% 115 72.9 86 74.8

External validation

,35% 171 23.2 48 28.1

35–50% 134 42.2 53 39.6

50–65% 86 57.1 41 47.7

.65% 51 72.8 36 70.6

Figure 3 Relationship between calculated and observed sperm retrieval rates. The four groups represent the quintiles of the calculated probabilities.
Data on sperm retrieval rate are reported as percentage and 95% confidence interval. (A) Development set (B) Validation set.

.............................................................................................................................................................................................

Table IV Five hypothetical men with the calculated probability for obtaining spermatozoa with TESE.

Man A Man B Man C Man D Man E

Age (years) 24 30 34 38 42

LH (IU/l) 6 12 8 6 10

FSH (IU/l) 22 26 20 16 20

Testosterone (nmol/l) 20 10 14 18 12

Etiology Klinefelter syndrome AZFc deletion Idiopathic NOA Cryptorchidism Idiopathic NOA

Calculated probability for obtaining spermatozoa 50% 11% 34% 70% 39%

Probability ¼ 1/[1 + exp(2b)], where b ¼ 21.009 + (male age × 0.058) + (LH 2 0.115) + (LH2 × 0.001) + (FSH 2 0.019) + (testosterone × 0.034) + (AZFc deletion 2

1.480) + (idiopathic NOA 2 0.855).

Prediction model for testicular sperm extraction success 1939
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Four of the independent predictors that we included in our final model
were also found previously, i.e. male age, and serum FSH, LH and testos-
terone levels. Furthermore, previously developed prediction models
found that testicular volume, duration of infertility, inhibin B, prolactin,
Klinefelter syndrome and history of cryptorchidism were independently
correlated with TESE outcome. Most of these variables (not prolactin)
were included in our univariable analysis and appeared to have no signifi-
cant correlation with TESE outcome (duration of infertility) or did not
retain their significance after multivariable analysis (testicular volume,
inhibin B, Klinefelter syndrome and history of cryptorchidism).

This study has some limitations that need to be addressed. First, there
is a potential selection bias, due to the restrictions in government policies
on men diagnosed with Klinefelter syndrome. Until September 2010,
these men were excluded from undergoing TESE in the Netherlands.
The percentage of men with Klinefelter syndrome among men diagnosed
with NOA is expected to be higher (11%; Aksglaede and Juul, 2013) than
in our study population (4.6% in the development set and 9.5% in the val-
idation set). Secondly, there may be some confounders that affect the
chances of finding spermatozoa, such as patient selection, and clinical
and laboratory techniques (Vloeberghs et al., 2015). There are no rigor-
ously designed randomized studies that compare the various surgical
techniques for effectiveness and safety. A recent meta-analysis, which
found that the sperm retrieval rate is higher for micro-TESE compared
with conventional TESE and for conventional TESE compared with tes-
ticular sperm aspiration (Bernie et al., 2015), also had some serious lim-
itations. The heterogeneity of the population of men diagnosed with
NOA was high and consideration of other variables, such as tissue pro-
cessing techniques, was lacking. Moreover, the factors that we have iden-
tified as predictors in sperm retrieval by TESE are likely to be predictive
for any of the techniques used to retrieve spermatozoa from the testis.
Finally, we did not measure prolactin levels in our study population on
a routine basis although it has been mentioned as a possible prognostica-
tor. Of note, previous studies found no differences between prolactin
levels in men with a successful sperm retrieval compared with men
with unsuccessful sperm retrieval, rendering it unlikely that prolactin is
a main predictor for testicular sperm retrieval (Samli and Dogan, 2004;
Tsujimura et al., 2004).

A strength of our nationwide cohort is the large number of men that
we studied. With a total of 1371 first TESE procedures, it is to our knowl-
edge the largest study on this subject reported thus far. The performance
of the external validation of our model further strengthens our study.
This study shows that our prediction model can be applied in a general
population of men with NOA, without losing its accuracy, regardless
of the setting of the hospital.

Once TESE is successful, the second step in achieving a pregnancy is
ICSI with the surgically retrieved spermatozoa. Again, predicting the
chance of success (in this case live birth) is then important to allow
informed decisions to be made. Two studies have attempted to find pre-
dictive factors for pregnancy outcome after TESE (Silber et al., 1997; Ver-
naeve et al., 2004). We recently developed a prediction model wherewe
address the clinical decision to start or continue with ICSI using TESE-
derived spermatozoa before treatment or after one or more unsuccess-
ful ICSI treatments (A. M. Meijerink et al. submitted for publication). This
model is built using the same cohort of patients as this study, with the
obvious exception that only those couples that initially underwent a suc-
cessful sperm recovery with TESE are included in the prediction model
for live birth. The model has a moderate discriminative capacity (AUC

of 0.62 in the development set; AUCof 0.67 in the validation set) and cali-
brates well.

Appropriate counselling of men undergoing TESE is an important issue
from a psychological viewpoint. Using this model it is possible to counsel
men individually about their chance of successfully obtaining spermato-
zoa with TESE. Considering their individual chance to obtain spermato-
zoa together with their personal options and preferences will help men
and their partners to decide whether to undergo a TESE procedure or
not. Men with a poor prognosis might decide to refrain from this treat-
ment option and reconsider artificial insemination of their partner with
donor sperm, adoption and/or becoming foster parents to fulfil the
child wish. Future studies should clarify patients’ preferences and allow
clinicians to provide shared decision-making (Den Breejen et al., 2013).

In conclusion, this study demonstrates that in the prediction of suc-
cessful testicular sperm retrieval a distinction can be made between
men with a good prognosis and men with a poor prognosis. The
success of sperm retrieval was found to depend on male age, FSH, LH,
and testosterone levels, diagnosis of idiopathic NOA and detection of
an AZFc deletion. After external validation, the model proved to be ac-
curate in predicting chances of success with TESE. We propose that
our model should be used for counselling men with NOA.
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