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Abstract Background. Congenital absence of the vas
deferens has been considered a virtually untreatable
cause of male sterility. Furthermore, sperm that have not
passed through at least the head of the epididymis have
been thought to be incapable of causing pregnancy. We
attempted to determine whether human sperm that had
never passed through the epididymis could fertilize eggs
in vitro and whether the technique could be used for men
with congenital absence of the vas deferens.

Methods. Twenty-eight men with congenital absence
of the vas deferens underwent microsurgical aspiration of
sperm from the epididymis and vasa efferentia for attempt-
ed in vitro fertilization of their wives' oocytes, with subse-
quent transfer of embryos. Thirty-two treatment cycles
were begun (four were repeat cycles).

Results. The most motile sperm were found in the

T has long been assumed that sperm must pass
through a certain length of the epididymis to ma-
ture, gain progressive motility, and become capable of
fertilization.* In some animal studies, surgical liga-
tion of the epididymis has allowed sperm to develop
motility without traveling the entire length of the epi-
didymis.”” Such sperm, however, have only rarely
been shown to fertilize eggs. The transport of sperm
through most of the epididymis has still been consid-
ered mandatory for fertilization.

In humans, transport through the epididymis has
been thought to take approximately 11 days.® This
concept was recently challenged by Johnson and
Varner, who demonstrated that the storage capacity
of the human epididymis is extremely limited and that
sperm are transported through it in approximately
two days.” Their finding is consistent with the possibil-
ity that human sperm may not require the same de-
gree of epididymal maturation as that of many ani-
mals. Fertility data on sperm obtained from the vasa
efferentia and proximal epididymis are needed to de-
termine whether epididymal transit is necessary for
fertilization.

Men with azoospermia due to congenital absence of
the vas deferens represent a good clinical model in
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proximal epididymis, at or near the vasa efferentia. Em-
bryos were obtained for transfer in 21 cases (66 percent).
Ninety-three embryos resulted from 352 mature oocytes
(fertilization rate, 26 percent). Clinical pregnancy was
achieved in 10 of the 32 treatment cycles (31 percent).
Seven women delivered normal infants, and three miscar-
ried. One of the seven live births was of twins. There
were six girls and two boys. When fewer than 10 eggs
were retrieved, no pregnancy occurred. When 10 or more
eggs were retrieved (20 cases), the pregnancy rate was
50 percent.

Conclusions. Sperm from the proximal caput epidi-
dymidis and even sperm from the vasa efferentia (which
have never passed through the epididymis) can fertilize
the human oocyte in vitro and result in pregnancy with live
birth. (N Engl J Med 1990; 323:1788-92.)

which to study the ability of sperm from different re-
gions of the epididymis to fertilize an oocyte and pro-
duce pregnancy. We have treated infertility in such
men by direct microsurgical aspiration of sperm from
the epididymis, combined with in vitro fertilization
and embryo transfer. We have studied a large number
of such cases to determine whether human testicular
sperm require transit through the epididymis to ma-
ture enough for fertilization and subsequent pregnan-
cy to occur and to determine whether the procedure is
sufficiently reproducible to become an acceptable
treatment.

METHODS

T'wenty-eight couples with primary infertility in which the cause
was azoospermia due to congenital absence of the vas deferens in
the male partner were treated by a combination of microsurgical
aspiration of sperm from the epididymis, in vitro fertilization, and
embryo transfer. Thirty-two treatment cycles were performed (four
of the couples underwent repeat cycles). Each cycle included four
phases: controlled ovarian hyperstimulation and transvaginal aspi-
ration of oocytes, microsurgical retrieval of sperm (Fig. 1), labora-
tory preparation of sperm and in vitro fertilization, and tubal or
uterine transfer of embryos.

Controlled Ovarian Hyperstimulation and Transvaginal
Oocyte Aspiration

All the wives were between 23 and 38 years of age. They had
regular menstrual cycles and normal tubal patency on hysterosal-
pingography, laparoscopy, or both in the six months preceding
ovarian stimulation. In order to synchronize the onset of their men-
ses for participation in a particular cycle, they received 10 mg of
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Figure 1. Aspiration of Epididymal and Rete Testis Fluid from the
Vasa Efferentia and Other Sites.

If sperm were absent or their motility was poor in the most distal
portion of the epididymal tubule, aspirations were performed at
successively more proximal points until progressive motility
was observed.

norethindrone acetate for 9 to 37 days. The onset of menses oc-
curred in all the women between two and four days after the discon-
tinuation of norethindrone acetate.”

The women then underwent controlled ovarian hyperstimulation
with a combination of leuprolide acetate (1 mg every 24 hours,
given by subcutaneous injection; Lupron, TAP Pharmaceuticals,
Chicago), urofollitropin (150 TU per day; Metrodin, Serono Labo-
ratories, Randolph, Mass.), anid menotropins (150 IU per day; Per-
gonal, Serono).

Follicular development was monitored by daily vaginal ultra-
sound examinations (Model RT 3600, General Electric Medical
Systems, Milwaukee) and serum estradiol measurements, and the
length of administration of urofollitropin and menotropins was de-
termined accordingly. A dose of 10,000 IU of chorionic gonadotro-
pin (Profasi, Serono) was administered by intramuscular injection
when two of the largest follicles had reached a diameter of 18 to 20
mm and the serum estradiol level had reached at least 734 pmol per
liter per mature follicle.

The retrieval of oocytes was performed transvaginally with ul-
trasound guidance, 36 hours after the injection of chorionic go-
nadotropin.

Microsurgical Retrieval of Sperm

After the oocytes had been aspirated from the wife, the husband
underwent scrotal exploration. The contents of the scrotum were
exposed through an incision of approximately 2 cm, the tunica
vaginalis was opened, and the epididymis and testicle were exposed.
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At a magnification of 10 to 40 under an operating microscope, the
epididymal tunic was incised to expose the epididymal tubule in
the most distal portion (Fig. 1). Interstitial tissue was then re-
moved from the epididymal tubule, and a 1-to-2-mm longitudinal
incision was made with microscissors. A number 22 Medicut needle
(Sherwood Medical, St. Louis) on a tuberculin syringe was used
to aspirate the fluid flowing from the opening in the epididymal
tubule directly. Careful hemostasis was achieved with microbipolar
forceps, and care was taken to avoid contaminating the specimen
with blood. The total volume of aspirate varied from about 50 to
500 pl.

Aspirated epididymal fluid was immediately taken to the adja-
cent laboratory, diluted in HEPES-buffered medium, and an ali-
quot examined for the presence of sperm and the percent and qual-
ity of motility of the sperm. If sperm were absent or their motility
was poor, aspirations were performed at successively more proximal
regions (up to the straight portion of the vasa efferentia) until pro-
gressively motile sperm were seen. The quantity and quality of
motility in the various regions of the epididymis were noted. In
cases in which a vasa efferentia tubule was opened microsurgically,
direct squeezing of the testicle resulted in a brisk flow of rete testis
fluid. The fluid sampled from the vasa efferentia thus appeared to be
not epididymal fluid but rete testis fluid (Fig. 1).

Sperm motility was graded with a O-through-4 system. Grade
0 sperm had no motility. Grade | sperm vibrated in place, with no
forward progression. Grade 2 sperm had slow forward progression
with poor linearity. Grade 3 sperm had forward progression with
good linearity but low velocity. Grade 4 sperm had good linearity as
well as rapid velocity.

The average operating time was two to three hours but decreased
with experience. Once all sperm were aspirated, the opening
in the proximal epididymal tubule or vasa efferentia tubule
was closed with 10-0 nylon interrupted sutures to avoid com-
plicating subsequent sperm aspirations by scar reaction. The
tunica vaginalis of the testis was closed with 4-0 Vieryl inter-
rupted sutures after filling with heparin-treated saline. The scro-
tum was closed with 3-0 Vieryl interrupted intracuticular su-
tures. Drains left in each scrotal sac were removed the next day.
All the men had minimal pain after the operation and were dis-
charged the following day.

Sperm Preparation and in Vitro Fertilization

Microsurgically aspirated sperm were immediately diluted with
HEPES-buffered human tubal fluid (Irvine Scientific, Santa Ana,
Calif.), examined for motility and morphologic features, and centri-
fuged at 200X g for 10 minutes. Pellets were suspended in 0.3 ml of
medium and layered on a discontinuous Percoll gradient (“mini-
Percoll”) consisting of 0.3 ml each of 50, 70, and 95 percent isotonic
Percoll (Pharmacia, Uppsala, Sweden).” The gradient was centri-
fuged at 400X g for 45 minutes. After centrifugation the 95 percent
Percoll layer was removed, washed twice, and resuspended in cul-
ture tubes with 1 ml of human tubal fluid and 10 percent fetal-calf
serum. No other special procedures were performed on the sperm.
Oocytes were added to the culture tubes containing sperm and
incubated for 13 to 15 hours at 37°C in a humidified atmosphere of
5 percent carbon dioxide and air. After incubation, the oocytes were
examined for signs of fertilization, indicated by the presence of two
pronuclei, and were transferred to fresh growth medium (human
tubal fluid) for another 30 to 36 hours. Fertilization was considered
confirmed only if cleavage occurred. Embryos were transferred at
the two-to-four-cell stage of development. No micromanipulation of
the eggs was used. Although donor sperm was available as backup
in one case, none of the in vitro procedures in this study involved
donor sperm.

Embryo Transfer

Embryos were transferred to the fallopian tubes or uterus accord-
ing to the quantity and quality of embryos developed in vitro.'*"!
Two embryos from the first insemination was the minimum neces-
sary to perform a tubal transfer. Embryos were transferred to
the fallopian tubes through a 3-cm Pfannenstiel minilaparotomy in
15 cases. In a Tomcat catheter (Sherwood Medical), one to five
embryos (total volume, 20 ul) were transferred 2.5 cm inside
each fallopian tube through the fimbriated end. The entire sur-
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gical procedure lasted less than 30 minutes. The women were
discharged the next day, and recovery was uneventful in all cases.
In five women, embryos were placed in the uterus in the conven-
tional fashion, with a Frydman catheter. All the women received
progesterone in oil (25 mg per day, given intramuscularly) from
the day of the transfer until the day of the pregnancy test (14
days after the transfer), or for 56 days if the pregnancy test was
positive.

REesuLTs

Rates of Fertilization and Pregnancy

Table 1 is a detailed summary of the results of each
cycle. Four of the 32 cycles were repeats after an initial
failure. Table 2 shows the overall rates of fertilization
and pregnancy. The overall pregnancy rate was 31
percent (10 of 32 cycles). Seven of the women de-
livered healthy babies. One of the seven births was of
twins. There were six girls and two boys. Three of the
four repeat cycles resulted in pregnancy and live birth.
Twenty-one of the 32 cycles (66 percent) produced at
least one cleaving embryo.

On the basis of routine sperm indexes, it was not
possible to determine the cases in which fertilization
would occur, except that more than 10 percent motil-
ity was clearly required. No further analysis of the
sperm data we obtained predicted fertilization. Most
predictive of success was the number of eggs retrieved
from the wife. When fewer than 10 were retrieved,
there were no pregnancies. When 10 or more eggs
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Table 2. Rates of Fertilization and Pregnancy.

VARIABLE No. (%)
Patient cycles 32 —
Pregnancies 1031
Miscarriages 330
Women with live births 7 (22)*
Mature oocytes 352 —
Embryos 93 (26)
Cycles producing at least 1 embryo 21 (66)
Cycles producing 2 embryos 12 (38)
Pregnancy rate per transfer 10/21 (48)
Pregnancy rate per tubal transfer of 2 embryos 9/12 (75)

Pregnancy rate when <10 eggs retrieved 0/12
Pregnancy rate when at least 10 eggs retrieved 10/20 (50)

*One delivery was of twin girls; there were thus eight babies altogether. The percentage was
calculated in terms of the total number of treatment cycles.

were retrieved, 10 of 20 women (50 percent) became
pregnant. In cycles in which more than two embryos
were produced, the pregnancy rate per tubal transfer
was 75 percent (9 of 12).

Relation of Epididymal Level to Sperm Motility and
Fertilization

Progressively motile sperm were found in 20 of the
32 procedures (62 percent) in the 28 men. However,
the percent motility and the number of rapidly motile

Table 1. Summary of Fertilization and Pregnancy Results.*

PATIENT AGE OF No. OF MATURE No. oF ToTAL SPERM
CycLe No. Wire QoCYTES EmBRYOS RETRIEVED
yr x10™*
1 37 28 6 —
2 26 24 15 —_
3 34 7 2 —
4 33 3 2 Very low
5 22 20 0 —
6 29 6 1 1.68
7 24 0 26.0
8 31 3 0 9.4
9 36 4 1 —
10 s 13 2 16.4
11 30 9 2 —
12 26 11 0 e
13t 37 20 9 —
14 38 13 0 Very low
15 32 11 0 -
16 26 2 1 —
17 35 2 0 —
PRE POST
18 26 14 4 — 10.2
19 25 8 0 590 —
20 28 12 5 248 53
21 33 11 2 372 34
22 35 10 3 —_ 0.48
23% 22 14 0 13.7 6.9
24 26 6 0 —_ 13.0
25 31 10 7 474 97
26§ 35 25 3 37.8 109
279 26 10 8 119.0 34.0
28 37 10 5 101.2 10.2
29 40 11 9 348 38
30 34 11 5 — 470
31 24 12 0 31.0 11.5
32 40 4 1 — 1.1

Emeryo
Momiuiry PROGRESSION TRANSFER OutcoME
%
—- 1-2 Tubal Pregnant, miscarried
— 1-2 Tubal Pregnant, girl born
5 1 Uterine —
10 1 Tubal —
0 0 — —
10 1 Uterine —
10 1-2 —_ —_
20 1 — —
— — Uterine —
20 1 Tubal —
—_ — Tubal .-
20 1 - _
2 1-2 Tubal Pregnant, girl born
5 1 — —
10 1-2 e -
1 1 Uterine —
5 1 - —_
PRE  POST PRE  POST
10 10 -2 3-4 Tubal -
1 1 1 1 — —
15 20 1 2 Tubal Pregnant, miscarried
1010 -2 1-2 Tubal Pregnant, girl bon
0 60 1-2 3 Tubal —
1 1 1 1 _— —_
5 2 1 2 —_ —_
30 60 1-2 3-4 Tubal Pregnant, boy born
10 30 1-2 2-3 Tubal Pregnant, boy bom
20 30 1-2 1=2 Tubal Pregnant, twin girls born
10 20 2 2 Tubal Pregnant, girl born
30 60 2-3  3-4 Tubal Pregnant, miscarried
1 10 | 1-2 Tubal —
10 30 1 1-2 — -
110 | 1-2 Uterine -

*Pre and post denote number of sperm, percent motility, and progression before and after preparation with Percoll. Before cycle 18, such data were not available.

tRepeat of cycle 1. $Repeat of cycle 5.

§Repeat of cycle 10. YRepeat of cycle 12.
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Table 3. Relation between Pregnancy Rate and Site from Which
Sperm with Progressive Motility Were Recovered.

CycLEs wiTH SPERM  CYCLES WITH AT

SITE OF ASPIRATION WITH PROGRESSIVE Least | EcG CYCLES WITH
FoR IVF* CYCLES Moty FERTILIZED PREGNANCY
no. (%) no. no. (%)
Vasa efferentia 10 (31) 6 5 (50) 4 (40)
Proximal caput 14 (44) 9 9 (64) 3@2n
Distal caput 5(16) 2 2 (40) 2 (40)
Corpus 39 3 1(33) 1(33)

*Most distal site in which motile sperm were present. IVF denotes in vitro fentilization.

sperm were always low. Table 3 shows that the sperm
with the greatest motility were found most proximally.
The most distal site from which progressively motile
sperm were recovered was the corpus epididymidis
(3 of 32 procedures [9 percent]). In all the other cases,
progressively motile sperm were not recovered from
the distal epididymis; it was in the caput or in rete
testis fluid from the vasa efferentia that the motility
was greatest.

In the 10 procedures in which sperm were obtained
exclusively from rete testis fluid from the vasa efferen-
tia, fertilization was achieved in 5 (50 percent) and
pregnancy in 4 (40 percent). All but one pregnancy
occurred with sperm from either the caput epididymi-
dis or vasa efferentia rete testis fluid. Rates of fertiliza-
tion and pregnancy were similar whatever the most
distal site from which motile sperm were obtained.

DiscussioN

Congenital absence of the vas deferens accounts for
10 percent or more of the cases of noniatrogenic
obstructive azoospermia and has generally been con-
sidered an untreatable cause of male infertility.'*'
Men with this condition have been shown on testicu-
lar biopsy to have adequate spermatogenesis and
are theoretically producing sperm capable of fertil-
izing an oocyte. Yet treatment has been very dis-
appointing.'*'®

We turned our attention to the possibility of using
direct microsurgical aspiration of sperm from the
vasa efferentia or epididymis combined with in vitro
fertilization. Such an approach had previously met
with disappointing results. No pregnancy had been
reported with this approach to congenital absence of
the vas deferens, although a single pregnancy was re-
ported from Australia in a case involving a failed re-
versal of a vasectomy.'?* The fertilizations and preg-
nancies that occurred in the wives of the men in our
series, with sperm aspirated from the proximal epi-
didymis and vasa efferentia, thus represent a strong
departure from previous experience. The reasons for
this difference may include the following: the early
Australian work retrieved a small number of eggs as
compared with the number that can be obtained with
modern stimulation protocols involving gonadotro-
pin-releasing—hormone agonists; we used “fresher”
sperm from the most proximal regions of the epididy-
mis; we transferred embryos to the fallopian tubes
rather than the uterus, which produces a higher rate
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of implantation than standard in vitro fertilization;
and we used the “mini-Percoll” method of sperm prep-
aration rather than standard “swim-up” or simple
wash techniques.'""

The most striking finding in the retrieval of sperm
from a chronically obstructed epididymis was the in-
version of the pattern of motility one would expect in a
nonobstructed epididymis. Sperm in the distal regions
of an obstructed epididymis had the weakest motility,
and sperm in the proximal regions had the strongest.
One may speculate that the distal sperm are aging,
and the more recently produced proximal sperm have
had time to mature on their own. In fact, the chief
problem in fertilization with these sperm is aging rath-
er than immaturity.

This finding should not be as surprising as it may
seem. In a large series of men undergoing vasoepidid-
ymostomy for noncongenital obstructive azoospermia,
sampling of sperm from various levels of the epi-
didymis has consistently demonstrated that highly
progressive motile sperm can usually be found in the
most proximal region of the epididymis, even though
only poorly motile or nonmotile sperm are found in the
distal epididymis.?' Krylov and Borovikov have made
similar observations in the Soviet Union.** The phe-
nomenon has prompted us to change our approach in
deciding the level at which to perform a vasoepididy-
mal anastomosis.

There is strong experimental support for this con-
cept, dating as far back as 1930 with Young’s studies
in guinea pigs.” Young ligated the epididymis at
various levels and examined the proximal sperm that
had been trapped for various periods of time. Con-
trary to expectation, the more distal sperm had the
poorest motility and the more proximal sperm the
best. He concluded that in the obstructed epididymis
the more distal sperm are senescent, whereas the more
proximal sperm have had time to mature despite not
having passed through the epididymis. Our study
in humans confirms Young’s original studies in ani-
mals — some elements of sperm maturation are in-
trinsic in nature.

Clinical studies with vasoepididymostomy in hu-
mans have demonstrated equivalent rates of pregnan-
cy whether the sperm pass through a long or short
length of the corpus epididymidis.*'** Even when
sperm have only passed through a portion of the cap-
ut, there have been reasonable rates of pregnancy. In
fact, two pregnancies have been documented (with
proved paternity) after end-to-end anastomosis of the
vas deferens to the vasa efferentia, with normal motile
sperm found in the postoperative ejaculate. It was
therefore suggested that sperm do not require transit
through the epididymis in order to fertilize an oo-
cyte.” The present series offers direct proof of this
concept.

The cost per cycle of the procedure is about twice
that of standard in vitro fertilization. Because of the
higher implantation rate, transfer of the embryos to
the fallopian tube is preferable to transfer to the uterus
in cases in which fertilization is so difficult to achieve,
but this surgery is more expensive.'™'" Also, the aspi-
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ration procedure in the man involves microsurgery
and general anesthesia. Although the procedure is
clearly repeatable (probably many times), cost may
therefore become an important restriction.

Finally, the interpretation of these findings must be
limited in certain respects. The fertilizing capacity of
sperm in various regions of an obstructed epididymis
is not likely to be the same as that in a nonobstructed
epididymis. The pattern of motility of sperm under
obstructive conditions is clearly the inverse of that
previously described for nonobstructed conditions.?*?’
Furthermore, although transit of the sperm through
the epididymis is not necessary for fertilization, our
results do not rule out the possibility that retrograde
epididymal secretions may still support or be neces-
sary for sperm maturation.
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