ROLE OF EPIDIDYMIS IN SPERM MATURATION

SHERMAN ]. SILBER, M.D.

St. Louis, Missouri

ABSTRACT— One hundred ninety patients with obstructive azoospermia caused by bilateral epi-
didymal blockage have been followed up for four years or longer after undergoing “specific tubule”
vasoepididymostomy. When anastomosis was required in the corpus epididymis, the “patency” rate
was 78 percent, and the overall pregnancy rate was 56 percent. The pregnancy rate for “patent”
cases was 72 percent, indicating that a high fertility rate can be obtained with sperm that have not
transited the full length of corpus epididymis. By contrast, with vasoepididymostomy to the caput
epididymis there was a 73 percent “patency” rate, but the overall pregnancy rate was only 31
percent. The pregnancy rate for “patent” cases was 43 percent. Sperm from the corpus epididymis
have a higher rate of fertility than sperm from the caput epididymis, but sperm from proximal areas
of the corpus have no less fertility than sperm from the distal corpus epididymis. The most remark-
able observation is that in almost half the cases sperm that have never journeyed beyond the caput

epididymis seem to be capable of causing pregnancy.

Because of advances in microsurgical tech-
niques, it is now possible to bypass most cases of
epididymal obstruction with a high incidence of
technical success.!® Whether or not sperm
which have not traversed all of the epididymis
are capable of fertilization in the human can be
ideally studied with this clinical model. In
every animal that has been studied, sperm from
the caput epididymis are only capable of weak
circular motion at most and are not able to fer-
tilize.* Sperm from the corpus epididymis can
occasionally fertilize, but the pregnancy rate is
low.

But few of these previous animal studies al-
lowed the sperm time to mature and thereby
possibly develop fertilizing capacity. Sperm
were simply aspirated from specific regions of
the epididymis and then promptly inseminated.
In studies where the epididymis was ligated to
determine if time alone could allow sperm mat-
uration, the obstructed environment was so
pathologic that no conclusions could be
reached.

In 1969 Orgebin-Crist* pointed out that we
did not know from any of these extensive studies
whether the factors governing the maturation
process of sperm are intrinsic to the sperm
themselves and just require time or sperm must

transit the whole length of the epididymis. It
was entirely possible that aging alone might
mature the sperm, and that sperm might not
need to pass through all of the epididymis to
develop the capacity to fertilize. But because of
these animal studies, and poor results in hu-
mans using non-microsurgical techniques, it
has always been assumed that epididymal
blockage carries a poor prognosis.®*

Material and Methods

Patient group

One hundred ninety consecutive patients
with bilateral epididymal obstruction who un-
derwent “specific tubule” vasoepididymostomy
have had four or more years of follow-up. One
hundred thirty-nine patients underwent bilat-
eral vasoepididymostomy to the corpus epididy-
mis, and 51 to the caput of the epididymis. The
cause of epididymal blockage was either con-
genital obstruction, smallpox, chlamydial or
gonorrheal epididymitis, or secondary blockage
caused by pressure buildup after vasectomy
(discovered at the time of vasectomy reversal).
The diagnosis of obstructive azoospermia in
nonvasectomy reversal cases was made by testi-
cle biopsy demonstrating quantitatively normal
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FIGURE 1.  Serial sectioning of epididymis until site

of proximal-most obstruction is bypassed.
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Ficure 2. “Specific tubule” anastomosis of vas
lumen to epididymis proximal to site of obstruction.
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spermatogenesis, a palpable vas deferens on
physical examination, normal semen volume,
and azoospermia.® No cases of obstructive oli-
gospermia are included in this series.

The localization of the site of the epididymal
obstruction was determined at the time of sur-
gery by proximal serial sectioning of the epidid-
ymis until normal sperm were found in the
fluid coming from the epididymal tubule. His-
tologic sections obtained in the process of tran-
secting proximally up the epididymis confirmed
the area of transition from no sperm in the epi-
didymal lumen to an epididymal lumen dilated
and packed with sperm.

Factors related to pregnancy and “patency”

Classic postoperative semen parameters (in-
cluding numerical count, morphology, percent
motility, quality of motility, velocity of motility,
and direction of motility) were ascertained at
intervals of three months to yearly. Many pa-
tients had as many as 10 to 15 semen analyses
performed, and the mean of the semen analyses
obtained after a leveling off of the rise after sur-
gery was used in tabulation. The area of the
epididymis, the degree of dilatation of the epi-
didymal tubule, volume of fluid efflux, and the
quality of sperm in the fluid proximal to the ob-
struction were recorded. The epididymis was
serially sectioned proximally until there was a
good volume of fluid efflux and a copious num-
ber of long-tailed sperm (whether motile or
non-motile) in the epididymal fluid. Postopera-
tive sperm count and directional motility were
related to pregnancy rate, mean time till preg-
nancy, and the level of the caput or corpus epi-
didymis (proximal, mid, or distal) at which the
anastomosis was performed.

Surgical technique

All vasoepididymostomies were performed
with the “specific tubule” technique we have
described, which involves an end-to-end anas-
tomosis of the inner lumen of the vas to the epi-
didymal tubule, mucosa-to-mucosa in a
leakproof fashion.!* Virtually all of the earlier
literature on vasoepididymostomy involved a
longitudinal cut through the epididymal tunic
and into the epididymal tubule which resulted
in a random cutting of the epididymal tubule in
many of its convolutions. This gave the appear-
ance of many tubules leaking sperm. Then the
vas would be sutured to that outer epididymal
tunic hoping that a fistula would form. Because
of the high rate of technical failure with that
methodology, reliable data on the fertility of
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TasLE I.  Lack of relation of postoperative
sperm count to pregnancy rate

Pregnant Not

Sperm Count (Per cc) (%) Pregnant
Azoospermic 0 (0) 30
Otol x 10° 2 (67) 1
1to5 x 10° 5 (63) 3
5to 10 x 108 11 (65) 6
10 to 20 x 10° 6 (50) 6
20 to 40 x 10° 17 (81) 4
40 x 108 32 (74) 11
Unknown 5 0
ToTtaLs 78 (56) 61

TasLE II.  Relation of percent directional sperm
motility and level of corpus epididymis to
pregnancy rate

Pregnant Not

Relationship (%) Pregnant
Directional motility (%)

0-19 13 (48) 14
20-39 18 (75) 6
40-60 19 (76) 6
60 22 (81) 5

Level of corpus epididymis
Proximal corpus 7 (88) 1
Mid corpus 17 (74) 6
Distal corpus 54 (71) 22

sperm from the epididymis have been difficult
to obtain.

With the “specific tubule” technique used in
this series, the epididymis was transected proxi-
mally until the point was reached where many
sperm were found (Figs. 1 and 2). Fluid at
every level was examined under a phase con-
trast microscope in the operating room for the
presence and quality of sperm. The anastomosis
of the vas to the epididymis was performed at
the transition point from no sperm to the point
where there was an abundant amount of sperm
in the fluid coming from the epididymal tu-
bule.

A 10-0 monofilament nylon suture is first
placed from outside to inside the tubule which
is leaking the sperm fluid. The first stitch is
then completed with an inside-to-outside stitch
in the vas mucosa. Usually four to five 10-0 ny-
lon interrupted sutures complete the leakproof
mucosal anastomosis, and then the outer mus-
cularis of the vas is separately sutured to the
outer epididymal tunic with 9-0 nylon inter-
rupted sutures.

Postoperatively, the patient is allowed to go
home a day later, but is restricted from most
activity (other than at home) for the first week,
and is allowed no heavy exertion or exercise for
four weeks. Because most patients come from
out of town, semen analyses were monitored
through local laboratories at varying intervals.

Results
Corpus epididymis
Of the 139 patients with four years’ follow-up
undergoing vasoepididymostomy to the corpus
epididymis, 109 (78 %) had sperm in the ejacu-
late postoperatively (Table I). Seventy eight
(56 %) achieved a successful intrauterine preg-

nancy with their wives. Thus, of those 109 pa-
tients who had technically “patent” results, 72
percent were able to achieve a normal preg-
nancy. There was no correlation between the
postoperative numerical sperm count and the
pregnancy rate, except to say that no azoosper-
mic patient impregnated his wife. But as long
as there was a “patent” result, the numerical
count was not significantly predictive of the
chances for the wife getting pregnant within
four years.

There was, however, a relationship between
the occurrence of pregnancy and the postopera-
tive sperm motility in “patent” cases (Table II).
When less than 20 percent of the sperm exhib-
ited forward motility, the pregnancy rate in
“patent” cases was only 48 percent. However,
when over 20 percent of the sperm exhibited
forward motility, 78 percent impregnated their
wives. Increasing percentage of progressive
motility beyond 20 percent had no greater ef-
fect in increasing the likelihood of pregnancy.
More surprisingly the level (proximal, mid, or
distal) of the anastomosis at the corpus epididy-
mis had no effect on the pregnancy rate, and it
also had no effect on the percentage of direc-
tional motility (Table II).

The numerical sperm count was not related
to the level of the corpus epididymis at which
the anastomosis was performed, nor was tech-
nical success of the surgery (“patency”) related
to the level of the blockage. This is quite in con-
trast to caput epididymis cases where more
proximal anastomoses had a poorer technical
success rate.

The mean time till pregnancy was not af-
fected by the numerical postoperative sperm
count in “patent” cases. For sperm counts less
than 5 million sperm/cc, the mean time till
pregnancy was 6.7 months, and with counts
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greater than 40 million sperm/cc, the mean
time till pregnancy was 6.4 months.
Caput epididymis

With the small number of 51 cases involving
the caput epididymis, the “patency” rate was 73
percent; the pregnancy rate overall was only 31
percent; and thus the pregnancy rate with tech-
nically “patent” cases was 43 percent (16 of 37).
Thus, sperm from anywhere along the corpus
epididymis were more likely to be fertile than
sperm from the caput epididymis. Further-
more, overall higher sperm counts and motility
were obtained with anastomosis at the corpus
epididymis than the caput epididymis reflecting
the greater technical difficulty with caput epi-
didymis anastomosis. The remarkable finding,
however, was that among those with patent re-
sults to the caput epididymis (where sperm
were not able to transit through the corpus or
tail at all) almost half were able to get their
wives pregnant.

Comment

The fact that when a technically successful
anastomosis to anywhere along the corpus epi-
didymis is achieved, almost 72 percent of the
wives get pregnant with a mean time to concep-
tion of six months, clarifies the issue that sperm
do not necessarily have to traverse the entire
corpus or cauda epididymis in the human to
achieve fertilizing capacity. The issue of why
such good pregnancy rates were achieved needs
to be addressed. First, it is clear that with caput
epididymis anastomosis, the pregnancy rates
are considerably lower than with corpus epidid-
ymis anastomosis. Thus, there is still some bene-
fit for sperm to have traversed at least the caput
into the corpus epididymis. But the remarkable
finding is that there is no further improvement
either in motility or pregnancy rate for anasto-
moses that are more distal in the corpus. Any-
where along the corpus, the chances for preg-
nancy are equivalent.

The lower pregnancy rates in previous clini-
cal series most probably relate to a number of
factors. First, it is apparent that anastomosis to
the caput epididymis carries a lower success
rate, and many previous “macro” approaches to
vasoepididymostomy were automatically per-
formed in all patients to the caput.>® Second,
most previous clinical series have not only been
“macro” approaches rather than microsurgical,
but they made no attempt to obtain a specific
tubule anastomosis. Rather a fistula was

created, which may have led to lower “pat-
ency” rates, and poorer sperm motility in the
cases that were “patent.””?® It is fascinating that
the numerical sperm count had no impact on
pregnancy rate, but sperm motility did. This
goes along with many clinical studies which
demonstrate low sperm counts in a high per-
centage of normal fertile males.

In 1969 Orgebin-Crist* asked the key ques-
tion of whether the factors governing the matu-
ration process of sperm are intrinsic to the
sperm or do they reside in the epididymis.
Many experiments were performed to ligate
various regions of the epididymis to see if aging
alone matures the sperm, or if sperm need to
pass through specific regions of the epididymis
to mature. These epididymal ligation experi-
ments all caused dilatation and epithelial dis-
ruption which could hurt the maturation of ca-
put sperm so retained. These experiments could
not allow for the deleterious effects of the liga-
tion experiment on the activity of the duct
epithelium.10-15

Thus in 1969 Orgebin-Crist still posed the
question of whether or not sperm that have not
progressed completely through the epididymis
are capable of fertilization.* Orgebin-Crist sug-
gested the possibility that sperm could mature
in the vas deferens without the need of travers-
ing the full length of the epididymis. A vasoepi-
didymostomy model, in which sperm had never
traversed the full length of epididymis, might
possibly allow sperm to mature on their own in
the vas deferens. Later Bedford' speculated
that although the potential of the vas deferens
for sperm maturation is unknown, it is possible
that the corpus and cauda regions of the epidid-
ymis are not required for maturation of human
spermatozoa.

The fact that sperm which could not have
travelled through the entire length of corpus or
cauda epididymis were capable of fertilization,
indicates that a full journey through the epidid-
ymis is not required for maturation of sperm
sufficient to allow pregnancy. Furthermore, the
fact that pregnancy occurred in almost half of
the patent cases to the caput indicates that tran-
sit beyond the head of the epididymis is not an
absolute requirement for sperm to attain fertil-
izing capacity. However, it is apparent that
these sperm do have limited fertilizing capacity
since the pregnancy rate for caput sperm is still
lower than that following vasovasostomy or va-
soepididymostomy to the corpus epididy-
mis'2.3.lﬁ

50 UROLOGY / JANUARY 1989 / VOLUME XXXIII, NUMBER 1



224 South Woods Mill
Suite 730
St. Louis, Missouri 63017

References

1. Silber SJ: Microscopic vasoepididymostomy: specific mi-
croanastomosis to the epididymal tubule. Fertil Steril 30: 565
(1978).

2. Silber SJ: Microsurgery for vasectomy reversal and vasoepi-
didymostomy, Urology 23: 505 (1984).

3. Silber SJ: Diagnosis and treament of obstructive azoosper-
mia, in Santen R], and Swerdloff RS (Eds): Reproductive Dys-
function, New York, Marcel Dekker, 1986, pp 479-517.

4. Orgebin-Crist MC: Studies of the function of the epididy-
mis, Biol Reprod 1: 155 (1969).

5. Hanley HC: The surgery of male subfertility, Ann R Coll
Surg 17: 159 (1955).

6. Hotchkiss RS: Surgical treatment of infertility in the male,
in Campbell MF, and Harrison JH (Eds): Urology, ed 3, Philadel-
phia, W.B. Saunders Co., 1970, p 671.

7. Amelar RD, and Dubin L: Commentary on epididymal
vasostomy, vasovasostomy and testicular biopsy, in Current
Operative Urology, New York, Harper and Row, 1975, pp 1181-
1185.

8. Schoysman R, and Drouart JM: Progres récents dans la

UROLOGY / JANUARY 1989 /

chirurgie de la stérilité masculine et feminine, Acta Chir Belg 71:
261 (1972).

9. Silber SJ, and Rodriguez-Rigau LJ: Quantitative analysis of
testicle biopsy: determination of partial obstruction and predic-
tion of sperm count after surgery for obstruction, Fertil Steril 36:
480 (1981).

10. Orgebin-Crist MC: Sperm maturation in rabbit epididy-
mis, Nature 216: 816 (1967).

11. Glover TD: Some aspects of function in the epididymis:
experimental occlusion of the epididymis in the rabbit, Int ] Fertil
14: 215 (1969).

12. Gaddum P, and Glover TD: Some reactions of rabbit sper-
matozoa to ligation of the epididymis, ] Reprod Fertil 9: 119
(1965).

13. Paufler SK, and Foote RH: Morphology, motility and fer-
tility in spermatozoa recovered from different areas of ligated
rabbit epididymis, ] Reprod Fertil 17: 125 (1968).

14. Bedford JM: Development of the fertilizing ability of sper-
matozoa in the epididymis of the rabbit, ] Exp Zool 162: 319
(1966).

15. Gaddum P: Sperm maturation in the male reproductive
tract: development of motility, Anat Rec 161: 471 (1969).

16. Silber S], and Cohen RS: Pregnancy after vasovasostomy
for vasectomy reversal: a study of factors affecting long-term re-
turn of fertility in 282 patients followed for ten vears, Submitted
for publication.

VOLUME XXXIII, NUMBER 1 51



