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INTRODUCTION

This chapter begins with the use of diagnostic testis biopsy to evaluate
azoospermia. It then describes the basics of spermatogenesis in oligospermic and
normospermic men, and the use of therapeutic testis biopsy for sperm retrieval
and intracytoplasmic sperm injection (ICSI). Finally, it discusses the differences
in embryo quality, chromosomal abnormalities, and pregnancy rates with testis
sperm versus ejaculated sperm.

In the modern era, the only clinical indication for diagnostic testis biopsy is
azoospermia. However, invaluable information on the basis of spermatogen-
esis has been obtained by testis biopsies performed (in the past) on men with
a wide range of sperm counts, from severe oligospermia to more than 100
million sperm per cc.
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AZOOSPERMIA

Approximately 1 out of every 200 men in any population (even excluding
those who have had a vasectomy) is azoospermic. Approximately 20% of couples
in the United States are infertile {/,2), and 25% of all infertile couples have a low-
sperm count (3). About 2% of infertile couples have azoospermia (3). Thus,
azoospermia represents approx 8% of the cases of male infertility.

We classify azoospermia as obstructive and nonobstructive. Obstructive
azoospermia can be secondary to a vasectomy, congenital absence of the vas
deferens (CBAVD), accidental surgical interruption of the vas or epididymis
during a hernia or hydrocele operation, or primary epididymal blockage from
previous infections. In all of these cases there is normal spermatogenesis in the
testes. Most of these, with the exception of congenital absence of the vas (CAV),
are amenable to microsurgical repair (4—/6). For obstructive azoospermia, ICSI
simply adds a secondary alternative following failed reconstructive attempts or
in cases of CAV (which is not reconstructable) (/7—19). In fact, because of ICSI,
virtually any man with obstructive azoospermia can now father his own child,
with the only limitation being the fertility of the wife (18).

Evaluation of the Azoospermic Man

The diagnosis of obstructive versus nonobstructive azoospermia should really
be quite simple. However, it is sometimes approached in a confusing way that can
lead to misjudgments, such as performing a vasoepididymostomy on a patient
who has no obstruction or aspermretrieval blindly for nonobstructive azoospermia
when the problem is actually obstruction. If the diagnosis is obstructive azoosper-
mia, the management is quite different than for nonobstructive azoospermia.

A few simple principles avoid these difficulties and allow a proper preopera-
tive decision to be made: (1) If a testicle biopsy shows normal spermatogenesis
(and azoospermic), then obstruction is the cause of the azoospermia. Everything
else is superfluous. (2) If in addition, the vas deferens is palpable on physical
examination, then the patient is a candidate for surgical exploration and probable
vasoepididymostomy. All other data are irrelevant. (3) If the vas deferens is not
palpable on physical examination, then the obstruction is nonreparable, and
sperm retrieval with ICSI is required. In this case, no diagnostic testis biopsy is
warranted.

A vasogram should be performed only as part of an operative procedure for
correcting obstruction. It should not be used to make a diagnosis or to determine
the need for surgery. Performing a vasogram as an isolated diagnostic procedure
creates many problems. First, a scrotal exploration is not needed to ascertain that
the vas is present; that should be easily discernible by physical examination.
Second, unless performed as part of a careful microsurgical procedure, any
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injection or transection of the vas in performing a vasogram could result in
obstruction where originally there was none. Third, the vasogram data are not
necessary for preoperative planning. Most important, the test tells nothing about
the epididymis, which is the location of the usual site of obstruction. If the
diagnosis is obstruction, and a vas is present, then the most logical time to
perform a vasogram is at the time of a planned scrotal exploration and
vasoepididymostomy (to confirm that the vas empties distally into the ejacula-
tory duct and prostatic urethra). However, when the semen volume or fructose
is normal, it is certain that the ejaculatory duct is not blocked.

A normal follicle-stimulating hormone (FSH) does not necessarily indicate
normal spermatogenesis or obstruction. In fact, more commonly, a normal FSH
indicates maturation arrest and nonobstructive azoospermia. The serum FSH
level correlates most closely with the total number of spermatogonia, not with the
number of mature spermatids or sperm count (20-22). The most typical diagno-
sis for patients with azoospermia and a normal serum FSH level is maturation
arrest, not obstruction. FSH is usually in the normal range in cases of
nonobstructive azoospermia caused by maturation arrest because the total num-
ber of spermatogonia in these cases is normal. It is true that an elevated FSH level
usually relates to reduced spermatogenesis because of an overall deficiency in
the number of spermatogenic cells. This can be partial or complete Sertoli cell-
only syndrome or can just be caused by a reduced number of seminiferous tubules.
However, anelevated FSH can also be associated with only modest oligospermia
and is definitely not predictive of whether an azoospermic man will or will not
have  sperm present in the testis or at a testicular sperm extraction procedure
(TESE) (23,24). Thus, endocrine evaluations are only modestly helpful in the
diagnosis and management of azoospermia.

Semen volume and fructose are important to distinguish whether the seminal
vesicles are present or whether the ejaculatory duct is blocked. A normal fructose
or semen volume does not mean there is patency, but signifies that there is a
seminal vesicle present with no ejaculatory duct blockage. Men with CAV usu-
ally have absent fructose and low-semen volume. However, this is only because
in most cases, absence of the vas is accompanied also by absence of the seminal
vesicle.

Physical examination of the epididymis and testes, along with a history (or
lack thereof) of infection, can be very misleading. Testicles that produce a nor-
mal amount of sperm may be small, and those that produce no sperm (with
maturation arrest) may often be quite large. Similarly, historical data can be
confusing. At least half of our patients who were found to have epididymal
obstruction from inflammatory causes had no prior history of clinical epididymi-
tis. We assume that whatever infection caused their epididymal obstruction must
have been subclinical.
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In conclusion, most of the ancillary medical information that we routinely
consider in male fertility evaluation is irrelevant regarding whether or not the
patient has obstruction. The physical examination is only relevant in that if a vas
deferens is not palpable (i.e., CAV), and the semen vclume is less than 1.0 cc,
then no surgical anastomosis can be planned. Furthermore, normal spermatoge-
nesis can be assumed. With that exception, the history and physical examination,
serum FSH, leutinizing hormone (LH), testosterone levels, and vasography are
of little use in diagnosis.

Diagnostic Testicle Biopsy

The open technique for diagnostic testicle biopsy (which we recommend) is
very simple and should be a quick outpatient procedure under local anesthesia
(25). The spermatic cord is injected with about 6 mL of 0.5% marcaine
(bupivacaine) via a 25-gage needle just distal to the external inguinal ring. Then,
an additional 2 mL of 0.5% marcaine is injected over the anterior scrotal skin in
the area where a 1-cm incision is made down to the tunica albuginea. With this
method, a small “window” is created through which the testis can be visualized. Then
an incision is made in the tunica albuginea. A 1.5- to 1-cm long piece of testicular
tissue is excised and placed in Zenker’s (or Bouins) fixative with an atraumatic “no
touch” technique. This clinical proceedure is completely painless (except for the
initial injection of local anesthetic). The patient is able to get up and walk away
immediately afterward with no greater pain than if he had had a vasectomy.

Needle biopsy is another alternative, but it is no less painful than the open
biopsy as described previously, and the open biopsy always yields a sufficient
number of seminiferous tubules (>20 cross-sections) to perform an adequate
quantitative analysis. Needle biopsy cannot accomplish this unless performed
multiple times, which is then ironically more invasive than the open biopsy
technique.

The biopsy must be of adequate quality to determine (1) Does the patient have
normal spermatogenesis, and therefore obstruction, which might be amenable to
microsurgical repair? (2) If he has nonobstructive azoospermia, will the TESE
have a good or poor prognosis? Many testis biopsies are fixed incorrectly in
formalin or so traumatized as to create artifacts and absurd readings like “slough-
ing and disorganization™ that are not valid diagnoses (27,26-28). Testicle biopsy
has been used by most clinicians, including most pathologists, in a nonquanti-
tative manner only. This has severely limited its usefulness and has led to many
errors in interpretation (29-32).

A simplified quantitative evaluation of the testicle biopsy is based on the
normal histology and kinetics of spermatogenesis in humans (33). The rate or
speed of spermatogenesis in humans (or in any species) is constant for any
variety of sperm counts, whether high or low. Reduced sperm production is
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Fig. 1. An exponential curve that relates sperm count in the ejaculate to the average
number of mature spermatids seen in each seminiferous tubule. A threshold of three to
six mature spermatids per tubule has to be exceeded for sperm to appear in the ejaculate.
(From ref. 21.)

always caused by a lower number of sperm, not by a diminished rate of sperm
production. Therefore, the daily sperm quantity being produced in the ejaculate
by the testicle is reflected quite accurately by the testicle biopsy. Thus, testicle
biopsies of patients with both oligospermia and normal sperm counts have been
found to be predictive of mean sperm count in the ejaculate (2/,26-28,33-36).
For patients who are severely oligospermic after a vasovasostomy, a quantita-
tive testicle biopsy can thus clarify if partial blockage or just poor spermato-
genesis is causing the oligospermia (Fig. 1).

The quantitative testicle biopsy is evaluated as follows. At least 25 seminif-
erous tubules are included in the count from each testis. The mature spermatids
(oval-shaped cells with dark, densely stained chromatin) and large pachytene
spermatocytes are the easiest to count (Fig. 2A). These cells have the greatest
correlation with sperm count and are the easiest to recognize. All steps of sper-
matogenesis—from spermatogonia to leptotene, zygotene, and pachytene sper-
matocytes, and to early spermatids—may be observed, but the only clinically
important cells are the number of “mature spermatids” (i.e., condensed oval-
shaped sperm heads) counted in a minimum of 25 tubules and divided by the
number of tubules (Fig. 2A).
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Fig. 2. (A) The six stages of spermatogenesis in the human testicle. (From ref. 7.)

Pachytene spermatocytes represent the final preparation stage of the chromo-
somes for the first meiotic division. This is equivalent to the germinal vesicle
phase of the oocyte. Nearly all cases of maturation arrest in the testis are at this
stage of spermatogenesis, just before the first meiotic division. If spermatogen-
esis goes beyond this, mature (elongated) spermatids will always develop.

Using an exponential curve (Fig. 1), the number of mature spermatids per
tubule can be used to predict the anticipated sperm count. In the absence of
obstruction, the correlation is remarkably close. For example, when the patient
has 40 mature spermatids per tubule, the sperm count should be just under 60
million per cc; when there are 45 mature spermatids, the sperm count should be
just over 85 million. The patient with a sperm count of more than 3 million would
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Fig. 2. (B) Drawings of the progression stages of spermatogenesis in the rat seminiferous
tubule (a) and human seminiferous tubule (b). In most animals, there i1s a wave of sper-
matogenesis in an orderly manner down the seminiferous tubule. Howeverrin the human,
there is a mosaic arrangement of the six stages of spermatogenesis. (From ref. 7.)

be expected to have only 6 to 10 mature spermatids per tubule. When there are
less than three mature spermatids per tubule, the patient is virtually always
azoospermic.

Frequently, patients undergo vasoepididymostomy inappropriately because
the pathology report is incorrectly read as “normal spermatogenesis.” Such read-
ings are usually not quantitative, but are instead qualitative impressions that
tubules are filled with spermatocytes and have some mature sperm. When the
biopsy shows thick tubules with a large amount of spermatocytes but only two
or three mature spermatids per tubule, obstruction is not the cause of the patient’s
azoospermia. Such patients require TESE with ICSI for nonobstructive azoosper-
mia owing to incomplete maturation arrest.

Considerable unnecessary confusion exists about the interpretation and count-
ing of mature spermatids in the testis biopsy. The mature spermatid always has
a tail, but it is rarely seen on histological section. This is because the sperm head
is 4 p wide and likely to be in the cut of the microtome’s thin section, but the
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sperm tail is less than 1 win thickness and is unlikely to be seen in this cut section.
Therefore, when viewing a histologic section, the spermatids will appear to be
without tails, despite the fact that with TESE, they will appear just like sperm.

Some clinicians have attempted to use the serum FSH level to monitor the
amount of spermatogenesis. They might mistakenly assume that a normal FSH
level in an azoospermic patient would indicate obstruction. Unfortunately, this
correlation is very poor (20). Patients with azoospermia casued by maturation
arrest have a normal FSH level. The FSH level correlates more closely with total
number of spermatogonia and testicular volume, not with the number of mature
sperm.

Ironically, it is the scattered mosaic arrangement of the various spermatoge-
nesis stages in the human seminiferous tubule (as opposed to the orderly wave
moving across the tubule in most other species) that makes quantifying the
human testicular biopsy so simple. In rats, a cut through any particular seminif-
erous tubule shows only one particular stage (Fig. 2B). In humans, a cut through
any area of the testicle reveals a scattered array of all the stages. Thus, in humans
(unlike most other animals), it requires only 25 seminiferous tubules from any
location in the testis for a good statistical sample of the total range of spermato-
genesis in the entire testicle.

SPERM RETRIEVAL AND INTRACYTOPLASMIC SPERM
INJECTION FOR OBSTRUCTIVE AZOOSPERMIA

CBVAD occurs in about 1% of infertile couples (37). Until the last 12 yr, it
was a frustrating and dismal problem with very poor prognosis for treatment.
Since the first successful use of epididymal sperm aspiration and in vitro fertili-
zation (IVF) for CBVAD was reported, ICSI has now made it possible for all
these men to have children (/8,37—42). In fact, with ICSI, the pregnancy rate with
microsurgical epididymal sperm retrieval (MESA)} is only related to female fac-
tors (18,41,43).

A simple “window” scrotal exploration under local anesthesia (just like for
diagnostic testis biopsy) is performed on the same day that the female undergoes
oocyte aspiration. Alternatively, MESA does not have to be coordinated with
ICSI cycles. Frozen epididymal sperm provides results with 1CSI no different
than fresh. Under x10 to x40 magnification with an operating microscope, a 0.5-mm
incision is made with microscissors into the epididymal tunic to expose the
tubules in the most proximal portion of the congenitally blind-ending epididy-
mis. Sperm are aspirated with a micropipet (0.7 mm/22 mm; Cook Urological,
Spencer, IN) on a tuberculin syringe directly from the opening in the epididymal
tubule. The specimens are immediately diluted in HEPES-buffered Earle’s
medium, and a tiny portion is examined for motility and quality of progression.
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Proximai Caput

Vasa Efferenti
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Fig. 3. A depiction of microsurgical epididymal sperm aspiration beginning at the distal
corpus (A) and moving proximally to the distal caput, proximal caput, and the vasa
efferentia (B—D). With obstructive azoospermia, there is an inversion of the usual physi-
ological location of greatest and least sperm motility. With obstruction, the most motile
sperm are always the most proximal. Because of senescence, distal sperm are the least
motile. (From ref. 77.)

If sperm motility is absent or poor, another 0.5-mm incision is made more proxi-
mally. Sperm are obtained from successively more proximal regions until pro-
gressive motility is found (Fig. 3).

Motile sperm are usually not obtained until the most proximal portion of the
caput epididymis or vasa efferentia is reached, which is the opposite of what
would be found in a normal nonobstructed epididymis. In the obstructed epididy-
mis, the most recently produced sperm are the most proximal and are therefore
the most viable and motile. The distal epididymal sperm are the most senescent
and clearly nonviable. Once the area of motile sperm is found, an aliquot of
epididymal fluid is used for ICSI, and the remainder is frozen.

There are virtually no cases of obstructive azoospermia that cannot be suc-
cessfully treated with sperm retrieval methods and ICSI as long as the female
does not have insurmountable problems. For obstructive azoospermia, we prefer
to use epididymal sperm, although testicular sperm works just as well. The
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advantage of epididymal sperm as a first choice is that it freezes easily and
represents a simple, clean, easy, and indefinite supply of sperm for the laboratory
without need for future invasive procedures.

There have been many trivial debates over how best to collect epididymal or
testicular sperm from azoospermic patients for ICSI. What works best in the
reader’s own particular setting can be decided, but our preference is as follows.
For obstructive azoospermia, there is typically some epididymis present regard-
less how severe the congenital defect. In these instances, we prefer MESA. All
of our sperm retrievals are done under local anesthesia without sedation. Although
the approach is microsurgical and careful, itis an outpatient procedure performed
with minimal postoperative discomfort.

The spermatic cord is first grasped between thumb and forefinger by the
urclogist and, similarly to testis biopsy, the cord is then infiltrated with several
ccof 0.5% marcaine. This produces anesthesia of the testicle and epididymis, but
not the scrotum. Then, several cc of 0.5% marcaine are used to infiltrate the
anterior scrotal skin with a 25-gage needle along a proposed 1- to 2-cm incision
line. Once the tunica vaginalis is entered, the epididymis and testicle are exposed
and brought into the field of an operating microscope. Indeed, the patient can
watch the entire procedure on a video monitor and should be wide awake and
comfortable. The advantage of epididymal sperm retrieval performed in this way
is the large number of the most motile sperm that can be readily obtained from
the most proximal duct and frozen for an unlimited amount of future ICSI cycles.

Often, there is only one specific area of the proximal epididymis where motile
sperm can be retrieved, and this can be found more easily through microsurgery
than via a blind-needle stick (which, in truth, is a more painful than this micro-
surgical MESA procedure).

Animportant warning is that fornonobstructive azoospermia: epididymal sperm
can never be retrieved because the walls are collapsed. Nonetheless, for
nonobstructive azoospermia, an open testicular biopsy performed under the micro-
scope can still be accomplished in the same manner under the same type of local
anesthetic with the patient wide awake and minimal postoperative discomfort.

TESTICULAR SPERM EXTRACTION
FOR NONOBSTRUCTIVE AZOOSPERMIA

Shortly after introducing sperm retrieval for obstructive azoospermia, we
made the observation that even in men with the most severe spermatogenic
defects (causing complete azoospermia), there were frequently a very minute
number of sperm sparsely present in an extensive testicular biopsy, and these
occasional testicular sperm could be used for ICS1(/9,27,22 42-44). We coined
this procedure “testicular sperm extraction” or TESE. This approach was based



Testis Biopsy and Infertility 225

e

Fig. 4. A histologic section of testicle biopsy in a patient with Sertoli-cell only, elevated
follicle-stimulating hormone, and occasional tubules with normal spermatogenesis.
Upper right-hand tubule exhibits normal spermatogenesis, but all the other tubules are
Sertoli cell-only (From ref. 50.)

on quantitative studies of spermatogenesis dating back to the late 1970s
(27,28,34-36). Examination of the testicular histology of azoospermic,
oligospermic, and normospermic men shows that the number of sperm in the
ejaculate is directly correlated to the number of mature spermatids found quan-
titatively in the testis. The average mature spermatid count per tubule in a large
amount of tubules is predictive of the sperm count in the ejaculate. Intriguingly,
the majority of patients with complete azoospermia have a few mature sperma-
tids in their testis histology (Fig. 4).

These studies of quantitative spermatogenesis in the late 1970s and early
1980s gave the theoretical basis for our efforts to extract sperm, however few,
from men with azoospermia caused by Sertoli cell-only or maturation arrest and
to use these sperm for ICSI (45). An extremely diminished quantity of sperm
production in the testis will result in the absolute absence of sperm in the ejacu-
late, even though there is some sperm being produced in the testicle. A minimal
threshold of sperm production is necessary before any sperm can actually spill
over into the ejaculate. Thus, severe oligospermia, which is readily treated with
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Non-Obstructive Azoospermia Normal Spermatogenesis Non-Obstructive Azoospermia
(One in 20 tubules have sperm) (All tubules have sperm) (One in 100 tubules have sperm

Fig. 5. Various degrees of azoospermia. Normal spermatogenesis {center drawing) is
associated with obstructive azoospermia. With nonobstructive azoospermia, the testicu-
lar sperm extraction process may be as easy as in the drawing depicted on the left or very
difficult as depicted in the drawing on the right.

ICSI, is just a quantitative variant of azoospermia where more than three mature
spermatids per tubule are found in the testis. There is some minute presence of
spermatogenesis is in 60% of azoospermic men (Fig. 5). However, the amount
of spermatogenesis present in these men is below the threshold (three mature
spermatids per tubule) necessary for these few sperm to spill over into the ejacu-
late (21).

The initial approach to TESE for nonobstructive azoospermia was very crude,
often involving numerous extensive biopsies from multiple areas of the testis
until sperm were located. Legitimate concerns were raised. (1) How is the couple
to be counseled for IVF and ICSI (with all that it entails for the female) when there
is only a 55 to 60% chance that any sperm will be found? (2) Can the success or
failure of sperm retrieval be predicted? (3) In cases of severely compromised
testes, should the couple be assured that multiple repeat procedures will result in
successful sperm retrievals in future cycles? (4) Is it possible simply to freeze
unused sperm derived from a TESE procedure without diminishing the results,
thereby avoiding the necessity of timing the female’s stimulation cycle to the
male’s sperm retrieval?

Although it is clear that effective results can often be obtained with thawed
testicular sperm for cases of obstructive azoospermia, frozen sperm from the
testicle in the most severe nonobstructive azoospermia cases will not give aresult
equivalent to that of fresh sperm. Therefore, our two major goals were to deter-
mine (1) whether a prior diagnostic biopsy or any other test could predict the
success or failure of a future TESE, and (2) whether or not a TESE technique
could be used that would be harmless and relatively painless, so as not to com-
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promise future attempts at fresh sperm retrieval? In fact, a small prior diagnostic
testis biopsy is quite predictive of the likelihood of finding sperm in a TESE
procedure in 90% of cases (27). But in 10% of cases, prior diagnostic testis
biopsy is not predictive. Our solution to this dilemma is a microsurgical approach
to testicular sperm extraction (micro-TESE).

MICROSURGICAL TESTICULAR SPERM EXTRACTION

When extensive multiple biopsies from every area of the testis are performed
to find sufficient sperm for TESE, much testicular damage can result and may
limit “successful” patients to only one attempt (23—24 ). An effort to limit damage
by using multiple needle sticks rather than open biopsy to obtain sperm for ICSI
is just as invasive and quite risky as well (46). Furthermore, controlled studies
have shown that for difficult cases of nonobstructive azoospermia where sper-
matogenesis is very meager, needle biopsy is much less likely to find the rare foci
of spermatogenesis than open biopsy (47,48).

We studied the distribution of spermatogenesis in azoospermic men and have
outlined a microsurgical approach to TESE that minimizes tissue loss and pain
and maximizes the chance of finding sperm. Knowledge of the distribution of
spermatogenesis and microsurgical technique helps to prevent testicular damage
and postoperative pain, making multiple repeat TESE procedures (if needed)
safe and reliable (21,26).

Unnecessary confusion exists with testicular sperm, mature spermatids, and
round spermatids. Sperm tails are seldom seen on histology, and only the thicker
sperm head shows up in thin sections, and usually only an oval-shaped head is
observed. Mature spermatids at TESE are no different in appearance than sperm.
The solution in cases with no sperm seen on TESE is not to look for “round
spermatids” (49,50). We never see round spermatids in the absence of mature
spermatids, which at TESE are what appear to be sperm (Fig. 6A-C) (49-51).
The solution is to search for the few sperm that are sparsely and diffusely present.

Technique

All microsurgical TESE cases are performed under local anesthesia. Just
like for MESA or for diagnostic testis biopsy, the procedure is truly painless.
The tunica vaginalis is opened and the testicle is exteriorized. The operating
microscope is then used under %16 to x40 magnification. After microdissection
and evaluation of tubular dilation, a tiny microscopic removal of single dilated
tubules can often be employed to retrieve large numbers of sperm.

However, large strips of tissue (no greater than the total amount of tissue that
would have been removed in the conventional “blind” TESE technique) can be
excised if necessary with no damage to blood supply and no pressure atrophy. The
tunica albuginea is closed with 9-0 nylon interrupted sutures after meticulous hemo-
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Fig. 6. (A) Drawings of the stages of spermiogenesis after the second meiotic division has
occurred. Prior to the formation of the tail, the round spermatid can always be recognized
by the prominent acrosomal vesicle (1a). As the acrosomal vesicle recedes, the tail begins
to form. (From ref. 51.)

stasis with microbipolar forceps (Figs. 7 and 8). This prevents any increase in
intratesticular pressure, resulting in minimal pain and absence of subsequent atrophy.

Of the total cases subjected to microsurgical TESE for nonobstructive
azoospermia, about 60% yield sperm sufficient for ICSI. In Sertoli cell-only,
microsurgical dissection often (but not always) allows the removal of only a
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Fig. 6. (B) Electron micrograph of a section of human spermatogenesis demonstrating
pale “type A’ spermatogonia, Sertoli cell nuclei, pachytene spermatocytes, early round
spermatids with acrosomal vesicle, and mature spermatids with an oval dark-staining
head. (From ref. 51.)
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Fig. 6. (C) Diagrammatic depiction of Fig. 6B with labeling of the specific cells involved
in spermatogenesis. (From ref. 51.)

small amount of testicular tissue to find this sperm because normal tubules are
full in thickness, and Sertoli cell-only tubules are usually thin and empty. In
maturation arrest, a larger amount of testicular tissue usually has to be removed
because all tubules are normal size, and the foci of spermatogenesis are not easily
discernible. Nonetheless, even in those microsurgical cases where relatively
large amounts of tissue have to be removed, minimal damage is incurred with
micro-TESE because blood supply is not interrupted; microscopic bleeders are
meticulously coagulated; and the tunica albuginea is not encroached because of
the closure with 9-0 nylon interrupted stitches. Consequently, there is no increase
in intratesticular pressure, no testicular damage, and minimal pain (Figs. 7 and 8).
Our direct mapping provides evidence for a diffuse, rather than regional,
distribution of spermatogenesis in nonobstructive azoospermia (2/,26-28). Fur-
thermore, the variation in sparseness of spermatogenesis, verified by observation
of contiguous strips of testicular tissue, explains why a single random biopsy
may or may not yield sperm. Also explained is how, removal of small amounts
of tissue blindly with a needle, yeilds sperm in most cases with obstructive
azoospermia, but does not work for nonobstructive azoospermia (Fig. 5). Micro-
surgery under the operating microscope trivializes any testicular damage.
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Fig. 7. A single large testicular incision for a testicular sperm extraction procedure under
the operating microscope results in minimal to no testicular damage, minimal-to-no
postoperative pain, and an ability to analyze each specific seminiferous tubule for the
presence of spermatogenesis. (From ref. 26.)

The formidable testicular deterioration that has been observed with overly aggres-
sive TESE procedures is caused by either direct interference with microvascular
supply of the seminiferous tubules or, even more commonly, increased intratesticular
pressure because of minor amounts of bleeding within the enclosed tunica albuginea.
The tunica albugineais a very nonflexible enclosure. A small degree of intratesticular
bleeding causes a noticeable increase in intratesticular pressure, which can be readily
observed by those doing conventional, multiple-testicle biopsy samplings for TESE.
Furthermore, the closure of open biopsies with the usual nonmicrosurgical suture,
particularly in a running manner with conventional TESE, further compromises the
intratesticular volume and thereby adds to the increased pressure (Figs. 7,8).

CHROMOSOMAL ERRORS, EMBRYO QUALITY,
AND PREGNANCY RATES FOR INTRACYTOPLASMIC SPERM
INJECTION WITH TESTICULAR SPERM

Early studies demonstrated that the major determinant of success with ICSI
was not the quality or origin of the sperm, but instead the age and fertility of the
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Fig. 8. Microsurgical closure of the tunica albigunea of the testes after a microsurgical
testicular sperm extraction procedure results in no increase in intratesticular pressure and
subsequently no loss of testicular function. (From ref. 26.)

wife (18,19,41-43,52,53). However, a detailed review of delivery rates with
ICSIincouples with varying degrees of severity of spermatogenic defect, as well
as fluoresence in situ hybridization (FISH) studies of both sperm and embryos
derived from this sperm, indicates that sperm may also have an impact on ICSI
results.

FISH analysis of embryos from ICSI cycles for nonobstructive azoospermia
(requiring TESE) vs ICSI cycles for oligospermia demonstrates that embryos
derived from TESE have a significantly higher rate of chromosome mosaicism
(54). In our initial research describing this phenomenon, ICSI cycles with ejacu-
lated sperm produced 830 embryos: 41.8% were normal, 26.2% were aneuploid,
and 26.5% were mosaic. In contrast, ICSI cycles with TESE for nonobstructive
azoospermia produced 100 embryos: only 22% were normal, 17% were aneup-
loid, and 53% were mosaic. The difference in mosaicism rates between the two
groups was highly significant (p < 0.001). Most mosaic embryos were chaotic.
We continue to find a higher number of chromosomally abnormal embryos
derived from TESE cases with severe spermatogenic deficiency. Sperm derived
from TESE for nonobstructive azoospermia probably have a higher rate of com-
prised or immature centrosome structures, and this may be the cause of increased
rates of chaotic chromosome errors in the subsequently derived embryos. None-
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theless, for oligospermia, the rate of chromosome abnormalities found in embryos
produced by ICSI is similar to that found with conventional IVF. Thus, ICSI itself
does not appear to be a teratogenic (55,56). It is only the severity of spermato-
genic defect, not the ICSI procedure itself, that causes this increase in chromo-
somal errors.

A slightly lower clinical pregnancy rate has been found for testicular sperm
derived from men with nonobstructive vs obstructive azoospermia (57). Also, a
slightly increased incidence of chromosomal anomalies is found in ICSI off-
spring when compared to a normal newborn population (58-63). Additionally,
there is an increased incidence of abnormalities found in peripheral lymphocytes
of males who require ICSI (64-69). Even if the infertile male is chromosomally
normal in his peripheral lymphocytes, meiotic disruption still generates higher
rates of sperm chromosome abnormalities (70). Thus, these few sperm in TESE
cases have a higher rate of chromosomal errors.

In fact, we have observed a higher percentage of aneuploidy in testicular
sperm from men with nonobstructive azoospermia (21%) than in ejaculated
sperm from men with oligospermia (11%). However, this increased aneup-
loidy in the testicular sperm of azoospermic men cannot easily explain the
dramatic increase in chaotic chromosomal abnormalities of TESE embryos.
For this reason, we suspect other sperm abnormalities may be the cause. Most
FISH studies on sperm of infertile males have found higher rates of aneuploidy
than in fertile males (71). However, with the exception of the most severe
defects in spermatogenesis requiring TESE, the increase in sperm sex chromo-
somal abnormalities was very small and not correlated with an increase in
spontaneous abortions of neonatal abnormalities (72). However, it does likely
explain the slight, but definite, increase in sex chromosomal anomalies indi-
cated in ICSI offspring (61).

Although most chromosomal studies of the sperm of infertile men had focused
on aneuploidy, chromosomal abnormalities in human embryos are not limited to
aneuploidy (73). In younger women, the most common abnormality in cleavage-
stage embryos is mosaicism, not aneuploidy (74,75 ). These mosaic embryos can
reach blastocyst stage, but still do not result in viable offspring (73,76,77). Dif-
ferent mosaic types have been described in cleavage-stage embryos, and possible
mechanisms that produce mosaicism have been proposed (56,78-80). Occasion-
ally, an infertile male in multiple IVF cycles produces mostly chaotic mosaics,
but when donor sperm is used, produces normal embryos (8/). Significantly,
chaotic mosaic embryos are more likely to be of poor quality in appearance than
aneuploid embryos, which usually look quite normal. Therefore, the increase in
chromosomal abnormalities (chaotic) in TESE embryos results in a higher inci-
dence of poor-quality embryo appearance. This is different from the simple
aneuploidy found to be increased in embryos from older women, and which can
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appear quite deceptively normal. Therefore, the chromosomal abnormalities
associated with TESE sperm can be deleted with standard embryo morphology
assessment, and do not lead to birth defects or increased miscarriages but do lead
to slightly lower pregnancy implantation rates.

Early chromosomal studies of embryos obtained after conventional IVF vs
ICSI (in cases of moderate oligospermia) have shown no difference in the inci-
dence of chromosomal abnormalities (55,56). However, there have been grow-
ing concerns regarding possible chromosomal anomalies in ICSI offspring of
men with the most severe spermatogenic defects. Consistently, there has been a
0.8% to 1% incidence of sex chromosomal anomalies in ICSI offspring in com-
parison to a population norm of 0.14% to 0.2% (59,6/—66). These newborns
would appear normal at birth, and the sex chromosomal anomaly (most fre-
quently Klinefelter’s) would not be identified without a prenatal karyotype.
Autosomal aneuploidies in this population were no different than what would be
expected based on maternal age in a non-ICSI population (61 ). Perhaps a more
alarming problem in ICSI-produced neonatal karyotypes was the 0.36% inci-
dence of de novo-balanced translocations in comparison to the normal newborn
population of 0.07% (61). Additionally, there was a 0.92% incidence of inherited
translocations transmitted via ICSI from the father. Of those inherited transloca-
tions, 10% were unbalanced. Thus, the total incidence of chromosomal aberra-
tions in the ICSI population was 2.5%.

It is the sperm of infertile men that is the source of this low, but definite
increase in chromosomal abnormalities of ICSI offspring, instead of the ICSI
procedure itself (55). Since 1994, many studies have been reported on the chro-
mosomal analysis of spermatozoa by FISH (73,74,85-94). A great deal of con-
troversy was generated by these studies about the percentages of aneuploid sperm
in infertile men. Although there seems to be a mathematically and statistically
significant increase in sperm aneuploidy from infertile men, these differences
were so slight to subsequently negate a major biological impact (95). However,
there have been several conflicting studies (Levron et al., Martin et al., and
Palermo et al.) of the sperm found in the testes of men with nonobstructive
azoospermia (97-94). Our data confirm no significant increase in sperm aneu-
ploidy with oligospermia, but about twice the rate of sperm aneuploidy in
nonobstructive azoospermia.

It is known that aneuploidy of embryos is not closely associated or correlated
with embryo morphology. As women age and the rates of aneuploidy increase,
abnormalities in embryo morphology do notincrease (56). However, mosaicism,
chaotic mosaicism, and polyploidy are associated with an increase in morpho-
logic abnormalities in the embryos and do not increase with age. Aneuploidy
appears to rise with maternal age and is related to defects in the egg, but mosa-
icism and chaotic mosaicism may be linked more to defects in the sperm and can
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result in a high percentage of chaotic mosaic embryos derived from ICSI with
nonobstructive azoospermia.

The high rate of mosaic embryos observed as a result of TESE-ICSI may be
more related to defects in the sperm centriole than to a higher incidence of
numerical chromosome abnormalities. Our TESE-ICSI-derived embryos had no
greater incidence of aneuploidy than ICSI with ejaculated sperm from men with
higher sperm-production rates. However, a dramatically increased rate of mosaic
errors was found in these embryos because of abnormal mitosis, which could be
related to defects in the sperm centriole (96). Similarly, an early report on MES A-
ICSI for obstructive azoospermia in which distal (senescent) epididymal sperm
were utilized demonstrated an inexplicably high miscarriage rate despite the
young age of the female partners (97). This phenomenon might also be explained
by defects in embryo cleavage associated with centriole dysfunction (98,99).
Thus, the most severe degrees of spermatogenic defect, resulting in nonobstruc-
tive azoospermia and requiring TESE, or even senescent nonmotile sperm from
distal epididymis, may result in a higher frequency of chromosomal abnormali-
ties. But those abnormalities may be more related to errors in mitosis during early
cleavage of the embryo than to sperm aneuploidy.

Present data points to a male origin of chaotic embryos. Because the first
mitotic divisions are controlled by the spermatozoon centrosome {/00), this may
result in abnormal chromosome distribution among sister cells. For instance,
dispermic embryos have high rates of first mitotic mosaicism that appear as
chaotic mosaics, and they are produced by an abnormal number of male centri-
oles (no haploids and two polyspermics) or suboptimal centriole function (/0/—
103). Sperm integrity is clearly necessary for normal mitotic division and early
embryonic development (104).

Alternatively, another possible explanation is that the higher incidence of
autosomal aneuploidy in these TESE-derived sperm might possibly result in
initially aneuploid zygotes. Then, the chaotic mosaicism in the subsequent blas-
tomere could be a result of a cellular attempt during early embryo cleavage for
mitotic correction of the initial aneuploidy. However, that would not explain the
absence of this phenomenon in aging aneuploid eggs.

Severe spermatogenic defects, as in nonobstructive azoospermia, may result
in a higher percentage of mosaic and chaotic mosaic embryos, causing less
efficient implantation and live birth rates. The live birth rate for TESE with non-
obstructive azoospermia is slightly lower than for obstructive azoospermia (nor-
mal spermatogenesis). ICSI for nonobstructive azoospermia is also associated
with poorer embryo quality (corresponding to the increased incidence of chro-
mosomal mosaicism) and lower live birth rates. Thus, despite the dramatic suc-
cess of TESE-ICSI for azoospermic men with severe spermatogenic defects, the
results are nonetheless adversely affected by sperm factors in these severe cases.
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However, the negative impact of sperm factors is only modest (causing mosa-
icism) when compared to the negative impact of the female’s age (causing aneu-
ploidy).
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