
hrep$$0127

Human Reproduction vol.12 no.1 pp.80–86, 1997

Are there any predictive factors for successful testicular
sperm recovery in azoospermic patients?
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A.Goossens1, S.Silber2, A.C.Van Steirteghem1 and Recovery of testicular spermatozoa from azoospermic patients
P.Devroey1 for intracytoplasmic sperm injection (ICSI) is a recent advance

in the treatment of male infertility. Initially, testicular sperm1Centre For Reproductive Medicine and Department of Human
recovery was performed in patients for whom microsurgicalPathology, University Hospital, Dutch-speaking Brussels Free
epididymal sperm aspiration (MESA) was not feasible becauseUniversity and2St Luke’s Hospital, St. Louis, MO, USA
of extensive scarring or complete absence of the epididymis3To whom correspondence should be addressed
(Craft et al., 1993; Schoysmanet al., 1993). In these case

Recovery of testicular spermatozoa from azoospermic reports, patients were suffering from obstructive azoospermia,
patients with testicular failure followed by intracytoplasmic i.e. they had normal spermatogenesis. Later, testicular sperm
sperm injection (ICSI) is a recent advance in the treat- recovery was also performed in azoospermic patients with
ment of male infertility. This study aimed at investigating deficient spermatogenesis or so-called ‘non-obstructive azoo-
which parameter(s) may predict succesful testicular sperm spermia’ (Devroeyet al., 1995; Tournayeet al., 1995, 1996).
recovery. We reviewed 395 testicular sperm recovery pro- This has led to enthusiastic statements by which there would
cedures and analysed the most frequently available para- be ‘virtually no forms of male infertility left to cure’ (Silber,
meters for clinical decision-making in azoospermic patients: 1995).
(i) presence of at least one single spermatozoon in at least The first births of children conceived with testicular sperm-

atozoa from patients with deficient spermatogenesis leading toone preliminary semen analysis; (ii) maximum testicular
secretory azoospermia have been reported recently (Tournayevolume; (iii) serum follicle stimulating hormone (FSH);
et al., 1995). Testicular sperm recovery combined with ICSIand (iv) presence of spermatozoa in the histology of a
therefore offers azoospermic men the possibility of fatheringrandomly-taken testicular biopsy. Sensitivity, specificity,
their own genetic children even if they do not reveal normalpositive and negative predictive value, positive and negative
spermatogenesis. As a result many couples who had previouslylikelihood ratio and accuracy were calculated for the
been told that insemination with donor spermatozoa was theirabove index parameters in different clinically relevant
only means of conceiving are now willing to explore thesubgroups using receiver operating characteristic (ROC)
possibility of testicular sperm recovery combined with ICSIcurves whenever possible. Spermatozoa were always suc-
and enquire about the feasibility of this novel treatment.cessfully recovered in patients with normal testicular histo-

While ICSI using testicular spermatozoa is certainly a validlogical findings (n 5 173) or hypospermatogenesis (n 5
treatment option, testicular sperm recovery may not always be16) but not in some patients with tubular sclerosis (seven
successful in all azoospermic patients. It is therefore veryout of 18), Sertoli cell-only pattern (55 out of 112) or
important to determine those factors which may predict amaturation arrest (39 out of 76). Histopathology was the
successful recovery procedure. ICSI using testicular sperm-best test for predicting successful sperm recovery in the
atozoa from azoospermic patients involves treatment for bothwhole population (sensitivity: 86%, specificity: 93%,
partners, i.e. the husband undergoes surgery for testicularaccuracy: 0.87). In patients with secretory azoospermia,
sperm recovery and his wife undergoes ovarian stimulationhistopathology was again the most accurate parameter
and possibly oocyte retrieval. An unsuccessful sperm recovery(accuracy: 0.74), especially in patients showing Sertoli cell-
procedure, therefore, has important emotional and financialonly pattern (accuracy: 0.83) but not in patients showing
implications. Objective counselling based on predictive factors

maturation arrest (accuracy: 0.55). In patients with serum
may offer realistic expectations for both the couple and the

FSH concentrations .12 IU/l and maximum testicular
physician. This study aims at analysing the predictive value

volume ,15 ml, histopathology was not found to be of the most frequently available clinical information as regards
accurate. Semen analysis, maximum testicular volume and sperm recovery in azoospermic patients.
serum FSH were not highly predictive in all subgroups
studied. Our analysis shows that no strong predictors for

Materials and methodssuccessful testicular sperm recovery are available except
for testicular histopathology. Patients
Key words: azoospermia/diagnostic study/ROC curves/In this retrospective observational diagnostic study we analysed a
spermatozoa/testicular biopsy total of 395 testicular sperm recovery procedures performed with

azoospermic or virtually azoospermic patients. Testicular sperm
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recovery was performed with a view to ICSI or as a diagnostic were not observed in wet preparation), positive predictive value (the
probability that spermatozoa will be found in wet preparation whenprocedure for the work-up of azoospermia without excluding any

azoospermic patient for surgery on the basis of a pessimistic result the index parameter in question tests positively; this value is influenced
by the prevalence of spermatozoa in the wet preparations), negativeof one of the index parameters as discussed below. All patients had

absolute azoospermia (no spermatozoon found in any of the semen predictive value (the probability that spermatozoa will not be found
in wet preparation when the index parameter in question testsanalyses) or virtual azoospermia (history of the presence of at least

one spermatozoon in at least one previous semen analysis). In negatively; this value is influenced by the prevalence of spermatozoa
in the wet preparations), positive likelihood ratio (true positive rate/the latter patients, no spermatozoon was found after analysis and

centrifugation of at least one semen sample on the day of oocyte false positive rate; this value is not influenced by the prevalence of
spermatozoa in the wet preparations), and negative likelihood ratiorecovery.
(false negative rate/true negative rate; this value is not influenced by

Testicular sperm recovery the prevalence of spermatozoa in the wet preparations) were calculated
in different clinically relevant subgroups using the Medcalc softwareOpen excisional testicular biopsies were taken under general
(Medcalc, Medcalc Software, Ghent, Belgium). This software packageanaesthesia or local anaesthesia. The testicular tissue was placed in
was also used to construct receiver operating characteristic (ROC)a Petri dish containing HEPES-buffered modified Earle’s medium
curves whenever possible. ROC-curves are plots of all the sensitivityand transported to the adjacent laboratory. In the laboratory the
and specificity pairs which are possible for all levels of a particulartesticular tissue was teased apart with microscopic glass slides on the
parameter. They are constructed by plotting the false positive ratewarmed stage of a stereo microscope at340 magnification. Under
defined as:an inverted microscope (3400 magnification) the minced tissue was

then checked for the presence of spermatozoa. If no spermatozoa
(number of false positive results) / (number of true negative1were observed, another biopsy specimen was taken. Surgery was

number of false positive results)stopped when spermatozoa were found or when the whole testicular
or 1–specificity on thex axis. They axis shows the true positive ratemass was bilaterally sampled at random. During surgery a randomly
or sensitivity, i.e.taken biopsy was sent for histopathological examination. The findings
(number of true positive test results) / (number of true positives1with regard to testicular histology were classified according to Levin
number of false negatives).(1979): normal spermatogenesis, germ-cell hypoplasia or hypo-

spermatogenesis, complete or incomplete maturation arrest,
The best cut-off value discriminating between two conditions, e.g.

complete or incomplete germ-cell aplasia (clinically often referred to
the presence or absence of testicular spermatozoa, is the value located

as Sertoli cell-only syndrome) and tubular sclerosis.
at the greatest distance from the diagonal. Calculation of the area
under the curve provides the quantitative measure of accuracy, i.e.

Statistical analysis
the ability of a particular parameter to discriminate between two

Apart from the overall population, different subgroups were furtherconditions. An ROC curve presenting a parameter with no discrimina-
analysed, i.e. patients with secretory azoospermia and azoospermiction at all is a 45° diagonal line from the left lower corner (0% true
patients with hypergonadotrophic hypogonadism [concentrations ofpositive rate and 0% false positive rate) to the upper right corner
follicle stimulating hormone (FSH). 12 IU/l and testicular volume (100% true positive rate and 100% false positive rate) with an area
,15 ml]. Secretory azoospermia was defined according to histo-under the curve of 0.5. A parameter with no overlap between the two
pathology. This subgroup included patients not showing normalconditions will discriminate perfectly and has an ROC curve passing
spermatogenesis or hypospermatogenesis, i.e. patients with completealong they axis to the upper left corner (100% true positive rate and
or incomplete maturation arrest, complete or incomplete germ-cell0% false positive rate) to end again in the upper right corner with an
aplasia and tubular sclerosis. Although a testicular volume,15 ml area under the curve of 1.0 (Zweig and Campbell, 1993).
is indicative of deficient testicular function (Sigmanet al., 1991), we
chose to define deficient spermatogenesis by histopathology rather
than by the clinical diagnosis since in our experience up to 25% of

Resultspatients where ‘non-obstructive’ azoospermia was diagnosed accord-
ing to testicular volume or serum FSH did show normal spermato-Testicular sperm recovery
genesis as a result of testicular histopathology (Tournayeet al., 1995).

The average age of patients undergoing testicular spermBesides, in 15% of patients revealing normal spermatogenesis any
recovery was 37.56 7.3 (SD) years (range 23–70 years).site of obstruction remains indeterminate (Matsumiyaet al., 1994).
Overall, in 290 out of 395 patients (73.4%) testicular sperm-The presence of spermatozoa after wet preparation of the testicular
atozoa were successfully recovered. The results according totissue was used as the reference test to assess the potential of

different index parameters to predict successful sperm recovery. Thesethe different histopathological subgroups are shown in Table
parameters were: (i) the documented history of the observation of atI. In 173 procedures (43.8%) the histopathological findings
least one spermatozoon in at least one semen analysis; (ii) testicularwere compatible with excretory duct obstruction as a cause
volume of the larger testicle; (iii) serum FSH concentrations measuredfor azoospermia, i.e. histopathology showed normal spermato-
in IU/l (normal values 1.5–12 IU/l); and (iv) the presence of at leastgenesis.
one spermatozoon at testicular histopathological examination of a The median FSH concentration (IU/l) in patients in whom
randomly-taken testicular biopsy. This biopsy was taken before or

sperm recovery failed was 17.06 1.9 (median6 SE; rangeduring surgery for sperm recovery. Whenever histopathology of left
1.5–82.0). This was significantly higher (P ,0.0001, Wilcoxonand right testicle was discordant, the best histopathological result was
signed rank test) than in patients having a successful testicularconsidered.
sperm recovery (8.26 1.0, range 1.56 75.0). The medianSensitivity (the probability that an index parameter tests positively
volume of the larger testicle (6 SE) was significantly higherwhen spermatozoa are observed in wet preparation), specificity (the

probability that an index parameter tests negatively when spermatozoain the latter patients when compared with that of patients in
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Table I. Sperm recovery after wet preparation of excisional testicular biopsies in 395 patients

Histopathological pattern No. Prevalence No. with spermatozoa Recovery rate (%)
observed in wet preparation

Normal 173 43.8 173 100h

Germ-cell aplasiaa 112 28.3 55 50.8i

complete 62 55.3b 12 19.3j

incompletec 50c 44.7b 43 86.0k

Maturation arrest 76 19.2 39 51.3l

complete 60 78.9e 29 48.3m

incompletec,d 16 21.1e 10 62.5n

Germ-cell hypoplasiaf 16 4.0 16 100o

Tubular sclerosis 18g 4.6 7 38.9p

aSertoli cell-only pattern.
bPercentage of subgroup showing germinal-cell aplasia.
cFocal spermatogenesis is present.
dIncluding 15 with observation of spermatocytes or spermatids but no spermatozoa.
ePercentage of subgroup showing maturation arrest.
fHypospermatogenesis.
gIn seven patients spermatozoa were observed in histology.
h–iP ,0.001 (χ2 test).
j–kP ,0.001 (χ2 test).
h–lP ,0.001 (χ2 test).
h–oNot significant.
h–pP ,0.001 (χ2 test).
m–nNot significant.

Table II. Sperm recovery rate after wet preparation of excisional testicular
biopsies according to different parametersa

Parameter All Secretory Hypergonadotrophic
analysed azoospermia azoospermiab hypogonadal

azoospermiac

Serum FSH (IU/l)
,12 83.3d 45.0 –

12–24 58.3e 52.0 61.5
.24 48.0f 38.1 46.7

Testicular volume (ml)
ù15 83.6g 68.7 –

6–14 51.7h 48.1 50.0
ø5 54.8i 51.7 57.1

Semen analysis
ù1 spermatozoon 76.0 62.3l 58.3
no spermatozoon 72.9 44.1m 50.0

Figure 1. Distribution of the maximum testicular volume inHistology
patients with and without successful testicular sperm recovery inù1 spermatozoon 95.4j 82.3n 77.8
the patient subgroups showing germ-cell aplasia and maturationno spermatozoon 31.3k 31.3o 42.1
arrest.

See Table III for numbers of samples tested.
aDifferences not significant unless marked otherwise.
bTesticular histopathology not showing normal spermatogenesis or

Figures 1 and 2 show the distribution of the maximum testicularhypospermatogenesis.
cTesticular volume,15 ml and serum follicle stimulating hormone (FSH) volume and serum FSH in patients with and without successful
concentration. 12 IU/l. testicular sperm recovery in the subgroups showing germ-celld–eP ,0.001 (χ2 test).

aplasia and maturation arrest.d–fP ,0.0001 (χ2 test).
g–hP ,0.01 (χ2 test).
g–iP ,0.01 (χ2 test). Prediction of successful testicular sperm recovery
j–kP ,0.0001 (χ2 test).

Diagnostic accuracy, sensitivity and specificity, predictivel–mP ,0.02 (χ2 test).
n–oP ,0.0001 (χ2 test). values and likelihood ratios were analysed for semen analysis,

serum FSH, testicular volume and testicular histopathology
according to the availability of this information in differentwhom recovery failed: 17.56 1.0 (range 2.0–30.0) versus
clinically relevant subgroups.7.0 6 1.2 (2.0–26.0) (P ,0.0001, Wilcoxon signed rank test).

Table II summarizes the outcome of testicular wet prepara-All azoospermic patients
As shown in Table III, the presence of at least one spermatozoontions according to the different clinical subgroups. As can be

seen, neither high FSH, nor small testicular volume precluded in at least one semen analysis report was not found to be
an accurate parameter predicting successful testicular spermsuccessful testicular sperm recovery in the groups analysed.

82



Predictive factors for successful testicular sperm recovery

successful sperm recovery when FSH wasø21.9 IU/l were
~1–1 while an FSH.21.9 IU/l gave odds in favour of sperm
recovery failure of 1.8 to 1. The odds in favour of a successful
sperm recovery given a testicular volume of at least 6.3 ml
were ~1–1 and the odds in favour of not finding spermatozoa
at wet preparation were again ~1–1 when the volume was
,6.3 ml. For semen analysis, the odds in favour of a of
successful sperm recovery were 1.7 to 1 given a positive test.
When no spermatozoa were reported at semen analysis the
odds in favour of sperm recovery failure were 1.3 to 1. In this
subgroup, histopathology was again found to be the best
parameter with an accuracy of 0.74 but a sensitivity of only
58.8% and a specificity of 88.5%. The odds in favour of
successful sperm recovery when histopathology revealed at

Figure 2. Distribution of the serum follicle stimulating hormone least one spermatozoon were 5.1 to 1 while the odds in favour
(FSH) concentrations in patients with and without successful of sperm recovery failure were 2.2 to 1 when no spermatozoon
testicular sperm recovery in the patient subgroups showing germ- was observed.cell aplasia and maturation arrest.

Considering only patients with hypogonadism, i.e. whose
larger testicular volume was,15 ml, indicative for testicular

recovery for the overall population. This parameter had a low
failure, histopathology was again found to be the best parameter

sensitivity and specificity. Best testicular volume or serum
in predicting successful sperm recovery (accuracy: 0.73, sensi-

FSH concentration too were not found to be accurate, bothtivity: 63.6% and specificity: 85.2%). Surprisingly, FSH con-
showing low sensitivities. Figure 3 shows the ROC curves forcentration was not accurate (0.54) with both low sensitivity
these parameters, together with those of other subgroups as(65%) and specificity (50%) at the best cut-off value of
decribed below. The histopathological findings in a randomly20.3 IU/l. Information on semen analysis too presented a low
taken testicular biopsy were found to be very accurate with aaccuracy (0.47) with poor sensitivity (27.2%) and specificity
high sensitivity and specificity, 85.8 and 92.9% respectively.(71.4%). In a subgroup of patients with elevated FSH, i.e.
Patients with secretory azoospermia serum FSH.12 IU/l, the same held true. Semen analysis and

testicular volume measurement were not accurate parametersIn the group of patients with secretory azoospermia, i.e.
(accuracy of respectively 0.56 and 0.43) while histopathologywith a histology not revealing normal spermatogenesis or
did much better (accuracy of 0.76), with a sensitivity ofhypospermatogenesis, semen analysis, testicular volume and
69.1% and a specificity of 83.7%.FSH concentration were not found to be accurate parameters

for predicting successful sperm recovery. At the best cut-offHypergonadotrophic hypogonadal azoospermic patients
value of 21.9 IU/l, FSH showed the highest sensitivity (71.7%)In patients showing the classic triad indicative of deficient

spermatogenesis, i.e. azoospermia, elevated FSH (.12 IU/l)but a specificity of only 41.7%. The odds in favour of

Table III. Prediction of successful testicular sperm recovery by different clinical parameters

Group Parameter n Accuracy Sensitivity Specificity PV1a PV–b LR1c LR–d Cut-off value
analysed

All azoospermia
semen analysis 395 0.42 28.1 79.2 76.0 72.9 1.3 0.9 1
testicular volume 122 0.69 60.7 73.7 83.6 45.9 2.3 0.5 12e

serum FSH 233 0.69 53.8 80.8 86.0 44.4 2.8 0.6 8.7f

histopathology 395 0.87 85.8 92.9 95.4 68.7 12.1 0.1 1
Secretory azoospermiag

semen analysis 206 0.58 38.2 77.9 62.9 56.3 1.7 0.8 1
testicular volume 78 0.51 56.1 54.1 57.5 52.6 1.2 0.8 6.3e

serum FSH 132 0.50 71.7 41.7 50.6 63.8 1.2 0.7 21.9f

histopathology 206 0.74 58.8 88.5 83.3 68.7 5.1 0.4 1
Hypergonadotrophic hypogonadal azoospermiah

semen analysis 31 0.52 66.7 37.5 58.3 50.0 1.1 0.9 1
testicular volume 31 0.60 73.3 56.2 61.1 69.2 1.7 0.5 6.3e

serum FSH 31 0.54 66.7 50.0 55.6 61.5 1.3 0.7 20.3f

histopathology 31 0.61 40.0 81.2 75.0 57.9 2.1 0.7 1

aPositive predictive value (PV).
bNegative predictive value.
cPositive likelihood ratio (sensitivity/1–specificity) (LR).
dNegative likelihood ratio (1–sensitivity/specificity).
eBest criterion value according to receiver operating characteristics (ROC) analysis, expressed in ml.
fBest criterion value according to receiver operating characteristics (ROC) analysis, expressed in IU/l.
gTesticular histopathology not showing normal spermatogenesis or hypospermatogenesis.
hTesticular volume,15 ml and serum follicle stimulating hormone (FSH). 12 IU/l.
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serum FSH for patients with maturation arrest and germ-cell
aplasia at testicular histopathology.

As can be seen from Table IV, histopathology was a strong
predictor in patients with germ-cell aplasia (accuracy 0.83)
but, in contrast, it was found a very weak predictor in patients
with maturation arrest (accuracy 0.55). Again, all other index
parameters were found to be weak predictors in both groups.

Discussion

The overall sperm recovery rate over 395 testicular biopsy
procedures with wet preparation was 73% in this series. In
patients with deficient spermatogenesis as a cause of absolute
or virtual azoospermia this figure fell to 50%. Yet in a subgroup
of azoospermic men with hypergonadotrophic hypogonadism
the recovery rate was still 48.4%.

Our analysis was aimed at validating the usefulness of the
most frequently available parameters for clinical decision
making, i.e. semen analysis, testicular volume measurement,
serum FSH concentration and histopathological examination
of a randomly taken biopsy. Since this is a retrospective
analysis, not all parameters were available for all patients.
However, all azoospermic patients were accepted for surgery
whatever the results of the above parameters. In this way
work-up bias was excluded. We chose to validate these
parameters using ROC curve analysis whenever possible. In
ROC curve analysis many efficiencies of all decision levels
can be calculated, resulting in an overall quantification of
accuracy which is not affected by the prevalence of a condition,
e.g. the presence or absence of spermatozoa in a wet preparation
(Zweig and Campbell, 1993). But ROC curve analysis also
provides a qualitative measure since, for each index parameter,
it provides the best cut-off value with the highest clinical
usefulness.

Generally, histology was found to be the most accurate
parameter. The observation of at least one spermatozoon during
histopathological examination of testicular tissue had a positive

Figure 3. Receiver operating characteristic (ROC) curves of the likelihood ratio of 12.1 and a negative likelihood ratio of 0.15.
maximum testicular volume (upper graph) and serum follicle

Since a good discriminative test should have a positivestimulating hormone (FSH) concentrations (lower graph) for all
likelihood ratio of at least 5.0 and a negative likelihood ratioazoospermic patients (solid line), for patients with secretory

azoospermia (dotted line) and for azoospermic patients with of 0.2 or less, histopathology is definitely a good predictor
hypergonadotrophic hypogonadism (dashed line). for successful sperm recovery for the overall azoospermic

population.
However, histopathology was inaccurate in patients with

and hypogonadism (testicular volume,15 ml), testicular secretory azoospermia as defined by histopathology or as
spermatozoa were successfully recovered in 15 out of 31 casesdefined by all typical clinical signs, i.e. azoospermia, hypo-
(48.4%). Here both testicular volume and histology proved togonadism and elevated FSH concentration. This can be
be the most predictive parameters, yet with low accuracies ofexplained by the fact that in patients with normal spermato-
0.60 and 0.61 respectively. Testicular volume had the highestgenesis or hypospermatogenesis, spermatozoa will invariably
sensitivity but a low specificity while histology had a low be observed in a single testicular specimen taken at random
sensitivity but a high specificity (see Table III). and spermatozoa will always be recovered in wet preparation.

These patients made up 47.8% of the overall populationAzoospermic patients with germ-cell aplasia and maturation
arrest studied. In the other patients, a single biopsy taken at random

may not reveal spermatozoa while multiple samples taken forSince the majority of patients with secretory azoospermia or
hypergonadotrophic hypogonadal azoospermia revealed germ- wet preparation still may reveal spermatozoa (Tournayeet al.,

1995). If multiple biopsies were sent for histopathology too,cell aplasia (n 5 112) or maturation arrest (n 5 76), we also
analysed these two subgroups separately. Figures 1 and 2 show the accuracy in the population suffering from secretory

azoospermia would probably again be much higher. In thesethe overall sperm recovery according to testicular volume and
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Table IV. Prediction of successful testicular sperm recovery in patients with maturation arrest and germ-cell aplasia patterns in testicular histopathology

Group Parameter n Accuracy Sensitivity Specificity PV1a PV–b LR1c LR–d Cut-off value
analysed

Germ-cell aplasiae

semen analysis 112 0.59 34.5 82.4 65.5 56.6 2.0 0.8 1
testicular volume 39 0.59 45.0 73.3 4.3 56.0 1.7 0.7 6f

serum FSH 60 0.56 69.6 51.4 47.1 73.1 1.4 0.6 22.8g

histopathology 112 0.83 78.2 87.7 86.0 80.6 6.4 0.2 1
Maturation arrest

semen analysis 76 0.62 43.6 81.1 70.8 57.7 2.3 0.7 1
testicular volume 30 0.56 47.4 72.7 75.0 44.4 1.7 0.7 6.3f

serum FSH 57 0.55 44.8 71.4 61.9 55.6 1.6 0.8 15.8g

histopathology 76 0.55 25.6 86.5 66.6 52.5 1.9 0.9 1

aPositive predictive value (PV).
bNegative predictive value.
cPositive likelihood ratio (sensitivity/1–specificity) (LR).
dNegative likelihood ratio (1–sensitivity/specificity).
eSertoli cell-only pattern.
fBest criterion value according to receiver operating characteristics (ROC) analysis, expressed in ml.
gBest criterion value according to receiver operating characteristics (ROC) analysis, expressed in IU/l.
FSH 5 follicle stimulating hormone.

subpopulations a single-sample biopsy for histopathology has (Martin-du-Pan and Bischof, 1995). As shown in Figure 2,
however, there is an important overlap in the distribution oftoo high a false negative rate for this test to be accepted as a

useful predictor. If no spermatozoa were observed in a random normal and elevated FSH concentrations in these two major
subgroups of the secretory azoospermic population, irrespectivesingle-sample biopsy, multiple biopsies taken for wet prepara-

tion revealed spermatozoa in 41% of the secretory azoospermic of the presence or absence of spermatozoa in the wet prepara-
tion. This overlap in distribution probably explains the lowgroup and in 53.3% of the hypergonadotrophic hypogonadal

azoospermic group. accuracy of this parameter in predicting successful testicular
sperm recovery.On the other hand, when the main histopathological

patterns of these subgroups, i.e. germ-cell aplasia and matura- The same is probably true for the volume measurement of
the larger testicle. Patients showing Sertoli cell-only patterntion arrest, were analysed separately, histopathological exam-

ination was found to be an accurate predictor in patients with in histopathology are assumed to have small and soft testicles,
while testicles of patients showing maturation arrest pattern atgerm-cell aplasia but not in patients with maturation arrest.

Thus obviously the observation of focal spermatogenesis histopathology are assumed to have a normal testicular volume.
But again, as can be seen from Figure 1, for testicular volumeduring histopathology is much more difficult in patients with

maturation arrest than in patients with germ-cell aplasia. too there is a wide distribution of the testicular volume with
an important overlap between the populations with and withoutBecause of the differences in accuracy it is therefore preferable

to predict probabilities according to the specific histopatho- spermatozoa observed at wet preparation. Thus a large testicular
volume or a normal serum FSH does not indicate successfullogical diagnosis, i.e. germ-cell aplasia or maturation arrest,

rather than according to the subgroup of secretory azoospermia. testicular sperm recovery in patients with a Sertoli cell-only
pattern in their testicular histopathology. Conversely, in patientsAll other clinical parameters studied turned out to be poor

predictors of successful testicular sperm recovery in all groups showing a maturation arrest pattern in their testicular histo-
pathology, a low testicular volume or a high FSH does notanalysed. The findings from semen analysis turned out to be

the weakest predictor for all groups studied. We have taken preclude successful testicular sperm recovery.
Although our analysis does not indicate strong predictors forthe presence or the report of at least one spermatozoon in at

least one semen analysis as a parameter. This parameter, successful testicular sperm recovery except for histopathology,
some guidelines for patient counselling may, nevertheless, behowever, may have been more accurate if multiple semen

analyses including centrifugation had been performed prospect- proposed.
If a couple suspected of suffering from infertility becauseively. Furthermore, about half of the population studied had

normal spermatogenesis. This high incidence of excretory of secretory azoospermia considers failure of testicular sperm
recovery as a serious psychological and/or financial burden,duct obstruction causing absolute azoospermia may therefore

attenuate the predictive power of this parameter in the overall then counselling should be based on tests with a low false
positive rate, thus a high specificity. A positive histopathologypopulation.

The concentration of FSH was also found to be a poor of a preliminary single-specimen testicular biopsy will correctly
predict successful testicular sperm recovery in 83.3% of cases.predictor in all groups studied. It is generally assumed that

most patients showing a Sertoli cell-only pattern in their However, a negative result will predict recovery failure in
only 68.7% of cases. If the couple rejects a preliminarytesticular histopathology have elevated FSH concentrations,

while most patients with a maturation-arrest pattern revealed testicular biopsy, then the result of a standard semen analysis
may serve as a guide, since this test showed the second-highestby histology are assumed to have normal FSH concentrations
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Reprod., 10 (Suppl. 1), 115–119.(Sertoli cell-only), the probability that spermatozoa will be
Tournaye, H., Liu, J., Nagy, Z.et al. (1996) Correlation between testicularrecovered is 86% when focal spermatogenesis is observed.

histology and outcome after intracytoplasmic sperm injection usingThe probability that no spermatozoa will be recovered is 80% testicular sperm.Hum. Reprod., 11, 127–132.
when no focal spermatogenesis is observed. If the patient hasZweig, M.H. and Campbell, G. (1993) Receiver-operating characteristic (ROC)

plots: a fundamental evaluation tool in clinical medicine.Clin. Chem., 39,maturation arrest, the situation is less clear, the figures being
561–577.only 66.6 and 52.5% respectively.

Our analysis shows clearly that no strong predictors forReceived on August 21, 1996; accepted on November 15, 1996
successful testicular sperm recovery are available except for
testicular histopathology. Considering the important psycho-
logical and financial implications of a treatment by ICSI with
testicular spermatozoa, a preliminary single-specimen testicular
biopsy may be preferable in each patient suspected of suffering
from secretory azoospermia. Although the accuracy of this
parameter is limited in this subgroup, a strong prediction
may be made if the testicular biopsy shows a germ-cell
aplasia pattern.

Overall, a preliminary multiple-specimen testicular biopsy
with a diagnostic wet preparation of the testicular tissue may
be more efficient in predicting a successful testicular sperm-
recovery procedure. However, more prospective research
should be done to prove this and to show that this approach
does not hinder later treatment of hypogonadic patients
through intracytoplasmic testicular sperm injection. Reduction
of the testicular mass with removal of those parts with active
spermatogenesis or impairment of testicular function because
of post-sampling fibrosis or auto-immune response may com-
promise the future outcome.
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