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Key Points

e Microsurgical two-layered anastomosis to correct
vasal obstruction remains the gold standard.

* The role of vasal stenting in the era of microsurgical
two-layered anastomosis is limited.

* Biodegradable conduits to bridge segments of
obstructed vas deferens where a primary microsur-
gical two-layered anastomosis is impossible remain
investigational but hold significant long-term
promise.

15.1 Introduction

Surgical reconstruction of the vas deferens is performed to
remove an obstructive lesion that is present along its course.
Obstruction can exist at various parts of the vas deferens and
can be the result of a prior vasectomy, congenital anomaly,
inflammation secondary to a urogenital tract infection,
trauma, or a surgical misadventure during prior inguinal, pel-
vic, or scrotal surgery. While no official reporting system
exists in the United States to monitor the number of vasecto-
mies performed each year, a survey in 2002 estimated this to
be 526,501, which is approximately consistent with data
reported in 1991 and 1995 [1, 2]. An estimated 2-6% of all
men, and up to 11% of men aged 20-24 at the time of vasec-
tomy, request a vasectomy reversal [3]. It has been estimated
that between 30,000 and 80,000 vasectomy reversals are per-
formed annually in the United States, though as with vasec-
tomies, reporting requirements are not standardized so the
exact number is unknown [4].
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Congenital anomalies which can lead to obstruction of the
vas deferens include congenital absence of the vas deferens,
which is commonly associated with cystic fibrosis [5]. Partial
vasal agenesis and congenital prostatic cysts can also lead to
obstruction of the vas deferens [6, 7]. One example of a
genetic disorder which can lead to obstructive azoospermia
is Young’s syndrome, which is characterized by chronic
sinusitis and bronchiectasis as well as obstructive azoosper-
mia [8]. In Young’s syndrome, the obstruction usually occurs
at the junction of the caput to corpus epididymis due to
inspissated secretions. Inflammatory causes of obstruction
are rare in the antibiotic era but include tuberculous epididy-
mitis, gonorrheal urethritis progressing to obstructive epi-
didymitis, and chlamydial epididymitis [9].

The success of a vasectomy reversal depends on several
factors, only some of which can be controlled at the time of
surgery. Factors which are independent of the method of
reversal but which may influence subsequent conception
include age and fertility potential of the patient’s partner,
length of obstructive interval, presence of antisperm antibod-
ies, and high intravasal and epididymal pressure after the
original obstruction [10-13]. Some factors which influence
the success of the reversal are directly related to the tech-
nique chosen and include rate of stricture or scar develop-
ment and granuloma formation [14]. The most commonly
cited reason for these specific complications is an anastomo-
sis made under tension, devascularization of the wall of the
vas deferens, or a technical problem with the anastomosis
leading to sperm leakage [15].

The current gold standard to surgically correct an
obstructed vas deferens is a microscope-assisted two-layered
vasovasostomy, but this has not always been so [16, 17].
Given the complex and time-consuming nature of this opera-
tion, new surgical techniques including robotics, modifica-
tions, and tools are continuously being explored. Some of
these techniques include the use of fibrin glue, laser solder-
ing, absorbable and nonabsorbable stents, and artificial con-
duits with or without specific growth factors added [18]. This
chapter highlights the development of surgical grafting tech-
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niques for vasectomy reversal, including the use of stents and
grafts, as well as the current clinical application of these
devices and areas where further research is required.

15.2 Grafting Techniques
in Reconstruction of the Male

Reproductive Tract
15.2.1 Stents

As previously stated, several factors related to the success of
a vasectomy reversal can be controlled at the time of surgery.
From the 1950s to the mid-1970s, macrosurgical techniques
for vasovasostomy were common and accepted as the gold
standard. This technique allowed a primary anastomosis of
the vas deferens to be created but was plagued with, by
today’s standards, low patency and pregnancy rates.
According to a survey of the American Urological Association
(AUA) members published in 1973, members at that time
practicing vasovasostomy reported a 38% patency rate and a
19.5% pregnancy rate [19]. It should be remembered that the
microsurgical techniques which are common today were not
developed until the mid-1970s, and as such, stricture result-
ing in either partial or complete vasal obstruction was the
most pressing technical complication of that period. To
address this common complication, approximately 90% of
urologists performing vasovasostomies at that time employed
stents, with either silver wire or nylon suture being the most
commonly reported [19]. The reason for the widespread use
of stents can also be found in the 1973 AUA survey. Members
reported that the pregnancy rate for non-stented reversals
was significantly lower, at 10.9% compared to 19.9-26% for
stented procedures, depending on the stent used. Numerous
techniques had been developed in 1973 which maximized
both patency and pregnancy rates. The main variation
between these techniques was the use of loupes for magnifi-
cation and/or the use of stent [20].

In the lexicon of the modern urologist, a stent most com-
monly refers to the hollow silicon tube that is used in the
ureter for treatment of either intrinsic or extrinsic ureteral
obstruction. A vasovasostomy stent, as it was originally used,
was quite different. A stent in that sense was any foreign
body, usually a piece of suture, the purpose of which was to
maintain patency of the lumen of the vas deferens during and
immediately after a macrosurgical (either with or without the
supplemental use of loupes) primary anastomosis of the vas
deferens. The simple goal of the stent was to prevent obstruc-
tion at the anastomosis site either because of a poorly placed
suture at the time of surgery or as prevention of stricture or
scar formation in the immediate postoperative period. In one
example of this technique, a short section of 2-0 nylon suture
is used as a stent to bridge the anastomosis, while 6-0 Prolene

is used to actually complete the anastomosis [21]. In this
technique, the nylon suture is removed before the operation
is completed, and its purpose is to ensure that the vas defer-
ens lumen remains patent during the procedure. In another
variation on this theme, described by Dorsey, a zero mono-
filament suture is fed through a hollow needle introduced
approximately 1 c¢cm proximal to the site of the intended
anastomosis [22]. This suture is then fed into the distal vas
deferens. The anastomosis is then completed using 6-0
Ethiflex, and the proximal end of the stenting suture is
brought through the scrotal skin and removed in 12—14 days.
The goal of this stent in this technique is to ensure patency of
the anastomotic site both during the procedure and in the
immediate postoperative healing period. The success rates of
these procedures were reported to be over 80% patency,
which contrasts with the success rates reported in the 1973
AUA survey.

Even with the improvement in both patency and preg-
nancy rates reported by clinicians using stents during vaso-
vasostomy, there were numerous known disadvantages of
stents, especially with the use of exteriorized stents such as
described by Dorsey [20]. The point of exit for the stent is a
theoretical source of infection as well as a location where
sperm can leave the lumen of the vas [20, 23]. Additionally,
the location where the exteriorized stent left the lumen of the
vas was identified in a publication by Fernandes as a com-
mon site of subsequent luminal obstruction (often instead of
the primary anastomosis itself) [24]. To avoid the problem of
an exteriorized stent, some groups have experimented with
absorbable intravasal suture as a stent to bridge the anasto-
mosis—the theoretical advantage being that these stents
would slowly dissolve, maintaining the patency of the anas-
tomosis both during the procedure itself and the postopera-
tive healing period without need to be removed. In one
experiment in a canine model, Montie et al. compared three
groups: no stent, a Dexon intravasal stent, and a chromic
intravasal stent [23]. Three to six months after the vasectomy
reversal procedure, retrograde vasography was used to iden-
tify patency rates. Both absorbable stent groups had higher
patency rates than the control (no stent) group, with the chro-
mic group having the highest overall patency at 70% vs. 60%
for the Dexon group and 50% for the no stent group. This
concept was tested in a human clinical model by Rowland
and colleagues a few years later, who found that intravasal
absorbable stents (using 3-0 chromic) had higher patency
rates than a group using exteriorized silkworm gut stents
(86% vs. 67%, respectively) [25].

In 1975, Silber reported the first use of microsurgical
vasovasostomy in humans [26]. His work, along with inde-
pendent work by Owen, led the way to the modern microsur-
gical two-layered anastomosis [26, 27]. From a historical
standpoint, it should be noted that it was Silber and his group
who found through histologic and electron microscopic work
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that stricture was more common than originally thought with
macrosurgical anastomosis techniques [28]. Silber also pop-
ularized the two-layered closure based on his observation
that this technique provided a better watertight mucosal
approximation given the common discrepancies between
proximal and distal luminal diameters of the vas deferens
[29]. The techniques developed by these investigators have
allowed the microsurgical two-layered vasovasostomy anas-
tomosis to become the gold standard for vasectomy reversal,
with success rates dependent on time since obstruction.
These success rates may be as high as 97% patency and 76%
pregnancy when the obstructive interval is less than 3 years
and 71% patency and 30% pregnancy after 15 years of
obstruction [13].

The reproducible success of this new technique resulted
in a dearth of research into alternative techniques for many
years. Even with its success, Silber’s microsurgical tech-
nique was not perfect. The downside was that microsurgical
anastomosis was a time-consuming operation best done by
surgeons with specialized training using expensive operating
microscopes. This prompted research into new techniques
that would simplify the technique while maintaining the high
patency and pregnancy rates. In 1989, Flam et al. reported
work in a rat model on a hollow, absorbable polyglycolic
acid tube [30]. In their experiment, they inserted a 10-mm-
long by 0.5-mm outer diameter hollow stent into the lumen
of the vas at the site of anastomosis on one side and com-
pleted the anastomosis with a single layer of suture
(Fig. 15.1). On the contralateral side, they performed stan-
dard microsurgical anastomosis. They showed a trend toward
improved patency in the stented vas deferens. Flam empha-
sized in his paper that sperm leakage at the site of the anas-
tomosis could lead to secondary stricture and should be
avoided. This work led to a clinical trial using absorbable
intravasal stents conducted by Rothman and colleagues in
1996 [31]. This randomized study compared conventional
two-layered microsurgical anastomosis to a modified
approach using an absorbable polyglycolic acid stent with-
out intraluminal sutures (Fig. 15.2). While the operative time
was significantly reduced in the stented group (118 min vs.
137 min), both the patency and the pregnancy rates were
lower in the stented groups (81% vs. 89% and 22% vs. 51%),
respectively), and the authors concluded that intravasal stents
should not be used.

More recently, Vrijhof et al. reported on a nonabsorbable
stent in a rabbit model [14]. They theorized that the absorb-
able nature of the previously reported stents allowed stric-
tures to develop at the site of the anastomosis once the stent
had dissolved and that a nonreactive nonabsorbable stent
would bypass this problem while simplifying the operation.
Their stent was made of a biocompatible material designed
to have both hydrophilic and hydrophobic characteristics.
The stent also had a transverse ridge which was designed to

Fig. 15.1 Hollow polyglycolic acid stent (0.5-mm outer diameter)
shown on a dime. (Used with permission from Flam et al. [30]. With
permission from Elsevier)

Fig. 15.2 Absorbable self-retaining polyglycolic acid stent

minimize migration from the anastomotic site (Fig. 15.3).
This group reported that all vasa were patent at the end of
their study (39-47 weeks) and that total sperm count was
higher in the stented group. No human data is available on
this type of stent.
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Fig. 15.3 Nonabsorbable polymeric stent with transverse ridge to
minimize migration. (Reprinted from Vrijhof et al. [14]. With permis-
sion from Elsevier)

In the era of cost-conscious medicine, especially when
many patients must pay out of pocket for vasectomy rever-
sals, further research into efforts that simplify the present
gold standard is appropriate with the caveat that patency and
pregnancy rates should not be compromised. It is important
to note that all of the absorbable and nonabsorbable stents
which have been used to date in human studies have been
well tolerated with no side effects and little to no inflamma-
tory response.

In summary, stents were investigated as a method to improve
patency rates in the era of macrosurgical vasovasostomy but
were eclipsed by the application of the operating microscope to
the field and the introduction of microsurgical two-layered
vasovasostomy. Efforts to improve and simplify the microsur-
gical operation using absorbable stents have not improved
overall patency or pregnancy rates. Recent efforts using nonab-
sorbable stents show promise in animal models but have not
been tested in humans so their utility remains unproven. The
ideal stent would, at a minimum, maintain the patency and
pregnancy rates achieved through a conventional two-layered
microsurgical anastomosis while decreasing the operative time,
training, and cost required to achieve these results.

15.2.2 Conduits

The preferred method to bypass an obstructed portion of the
vas deferens, regardless of the etiology of the obstruction, is
surgical excision or exclusion of the obstructed segment and

reanastomosis of the vas deferens using a microsurgical two-
layered anastomosis. The goal of the operation is a water-
tight, tension-free, widely patent anastomosis. As described
previously, numerous techniques have been suggested in an
attempt to simplify this procedure while preserving its
patency and pregnancy rates. The assumption in all of the
previously described techniques is that the vas deferens
could be sufficiently mobilized to allow a tension-free anas-
tomosis. Unfortunately, cases exist where, due to the physi-
cal length of the obstruction, the vas deferens cannot be
reconstructed in a watertight, tension-free manner. These
cases present a clinical challenge because the resulting
obstructive azoospermia is theoretically amenable to surgical
correction. Presently, the only reproductive option available
for these patients is surgical sperm retrieval. The technique
of retrieving sperm from either the testicle or epididymis has
been successfully reported in cases of obstructive azoosper-
mia that is not surgically correctable but must be coupled
with in vitro fertilization [32]. The hormonal manipulation,
surgical interventions, risk of multiple gestations, and
increased financial cost of in vitro fertilization make this
solution less than ideal and create an intriguing field of
research into reconstruction of the male reproductive tract.

Grafting of the male reproductive tract theoretically can
take one of three forms. The first option is to use transplanted
vas deferens with all of the complications, both technical and
immunological, associated with such a procedure. The sec-
ond option is to replace the obstructed segment of vas defer-
ens with a tubular structure, the sole purpose of which is to
simply allow passage of sperm in a distal direction. An anal-
ogous clinical problem can be found in vascular surgery
where surgeons often replace diseased segments of vessels
with either endogenous grafts such as the long saphenous
vein or exogenous grafts such as a Teflon-coated endovascu-
lar stent. The third option involves tissue engineering. Tissue
engineering as it applies to reconstruction of the male repro-
ductive system involves the concept of creating an artificial
conduit which serves as a scaffolding for the regrowth of the
vas deferens itself. In a different biological system, polymer
scaffoldings have been shown to facilitate peripheral nerve
regeneration in segments as long as 1 cm [33]. Regardless of
the method chosen to graft over the obstructed segment of
vas deferens, the goal is to reestablish continuity of the male
reproductive tract, allowing sperm to be present in the ejacu-
late and eliminating the need for assisted reproductive tech-
niques (ART). It should be noted that even small amounts of
ejaculated sperm could be a significant improvement, as this
may allow for less invasive forms of ART [34].

The first reported experiment on the use of grafts in
reconstruction of the male reproductive tract was by
Romero-Maroto and colleagues in 1989 [35]. This group
reported successfully autotransplanting a pediculated seg-
ment of vas deferens from one side to the contralateral in



15  Grafting Techniques for Vasectomy Reversal

2N

rabbits. They reported good patency rates, but no data on
pregnancies was noted. The clinical use of this technique is
likely limited, as these subjects would likely be candidates
for crossover vasovasostomies, a rare procedure with a high
reported success rate [36], and given the questionable feasi-
bility of harvesting a long vasal segment for reconstruction
of the contralateral side.

Regarding the second option for grafting the male repro-
ductive tract, Carringer et al. in 1995 reported patency rates
in rats after either a vasal or vascular graft obtained from
either the contralateral side of the same animal or from
female rats, respectively [37]. In this study, three different
lengths of grafts were used (0.5, 1.0, and 1.5 cm), corre-
sponding to approximately 10%, 20%, and 30% of the entire
vas deferens length. Patency was confirmed by direct exami-
nation of the graft 4 weeks postoperatively. The authors
found an overall patency rate of approximately 40% in both
surgical groups (vasal and vascular graft) with higher rates in
the shorter segments. Pregnancy rates were not evaluated.
No human clinical trials have been reported using either of
these techniques. Questions on long-term patency of exten-
sive artificial grafts remain unanswered, even in animal mod-
els, and should be further investigated.

The lack of a suitable allograft in humans for vasal recon-
struction has led to research on the potential for biocompat-
ible degradable polymer scaffolding for tissue engineering.
As mentioned earlier, this model has been successfully
applied to the clinical problem of peripheral nerve regenera-
tion [33]. Additions to this technology, including micro-
patterned (grooved) inner lumens as well as target-specific
growth factors, can increase the efficacy of this technology
[38, 39]. The vas deferens is a good target for investigation
because it has been shown to undergo spontaneous recanali-
zation at the site of vasectomy [40].

Further evidence that may support tissue engineering of
the vas deferens is the demonstration of elevated levels of
selected growth factors at the vasectomy site in an animal

Fig. 15.5 (a) Evidence of microrecanalization at the midpoint of a 0.5-
cm poly-(d,l-lactide) (PDLA) graft (magnification x40). Bar=1 mm.
(b) Microcanal at the midpoint of a 0.5-cm PDLA graft (magnification
x200) Bar=0.5 mm. (¢) Microcanal at the interface zone of a 0.5-cm

model. Previous examination of vasectomy sites in rats using
real-time polymerase chain reaction, enzyme-linked immu-
nosorbent assay, and histopathological analysis demonstrated
a 12-fold increase in platelet-derived growth factor beta and a
ninefold increase in transforming growth factor beta [41].

Using the peripheral nerve regeneration model as a guide,
biodegradable conduits made of d,l-lactide were studied for
reconstruction of the reproductive tract in a rat model [42].
Biodegradable conduits with micro-patterned grooves on the
inner surface were implanted in 47 rats following vasectomy
(Fig. 15.4, scanning electron microscopy image). At 8 weeks
postimplantation of the conduits, no evidence of recanaliza-
tion was found. However, at 12 weeks, evidence of recanali-
zation was noted in three of the remaining rats, with one
showing a microcanal spanning the entire 0.5-cm conduit
and the other two showing distinct epithelialized vas defer-
ens microcanals at the conduit edges (Fig. 15.5) [42].

Fig. 15.4 Scanning electron microscope image of PDLA conduit.
Bar=200 pm. (Reprinted from Simons et al. [42]. With permission
from Creative Commons License 4.0: https://creativecommons.org/
licenses/by-nc-sa/4.0/)

N

PDLA graft (magnification x40). Bar=1 mm. All panels: white arrows
microcanals, black arrows graft. (Reprinted from Simons et al. [42].
With permission from Creative Commons License 4.0: https://creative-
commons.org/licenses/by-nc-sa/4.0/)
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Following the demonstration of microrecanalization of the
vas deferens in this biodegradable graft model, attempts were
made to identify ways to maximize this response (unpub-
lished data). Based on the identification of elevated growth
factor levels at the site of vasectomy, the effect of local mic-
roparticle-delivered growth factors on the rate of vasal recan-
alization in a biodegradable conduit model was examined.
Delivering growth factors to a specific location in the body
over a sustained period of time is not a simple task. Effective
supplementation of growth factors selectively at the site of the
grafted vas deferens may be compromised by the fact that the
ability of growth factors to perform their function depends on
their tertiary structure, which is susceptible to degradation if
it is not protected from the local environment. Thus, delivery
of a locally sustained concentration of growth factors requires
the use of microspheres. The goal of a microsphere is to
sequester the biologically active molecule and allow a con-
trolled, sustained release of the molecule. The exact timing of
the sustained release is a function of the characteristics of the
microsphere into which it is placed. With these considerations
in mind, a poly-(d,l-lactide) material was chosen for con-
struction of the microspheres. As the biodegradable conduits
used in this study were constructed of the identical material,
noncovalent binding was assumed to keep the microspheres
near the conduit. Reconstruction of surgically induced vasal
gaps using biodegradable conduits soaked in microspheres
containing TGF-beta and PDGF revealed an increase in the
number of new microcanals in the graft but not in their length
at 12 weeks postoperatively.

In an effort to further optimize the conditions for vasal
recanalization, methods to increase the vascularity of the
reconstructed vas deferens were investigated, based on an
observation suggesting that neovascularization increased
with time at the conduit to vasal border (unpublished data).
To bolster this neovascularization and potentially increase
the rate of recanalization, the effect of oral sildenafil citrate
on recanalization in the biodegradable graft model was
examined. Sildenafil citrate is a type 5 phosphodiesterase
inhibitor that has been shown to promote neovascularization
in other systems [43]. Rats received a daily dose of 5 mg/kg
of oral sildenafil citrate following reconstruction of the vas
deferens with a biodegradable graft. At 16 weeks, the rats on
sildenafil citrate had a significantly increased number of
microcanals (29 vs. 4) though the average length of the
canals was constant at 2 mm. This observation was con-
firmed by an increase in staining for CD31, an endothelial
marker. An ongoing study involves combining both oral
sildenafil citrate with increasing the local concentration of
TGF-beta and platelet-derived growth factors via micro-
spheres. Areas of future research into this field include exam-
ining different substrates of which the conduit itself is
composed and embedding the growth factors directly into
the conduit to maximize local concentration.

15.2.3 Autografts

In addition to the earlier studies of allografts, vascular auto-
grafts, and vascularized (pediculated) vasal autografts for
vasal reconstruction, more recent research has been con-
ducted on the possible utilization of non-vascularized vas
deferens autografts.

Kadioglu et al. [44] evaluated the possible utilization of a
non-vascularized vas deferens autograft in a rat model. In
this study, segments of isolated vas deferens, 2.5 cm in
length, were used as bilateral autografts in 15 rats. Each
autograft was implanted between the two transected ends of
vas deferens using end-to-end anastomosis. Unlike the ear-
lier study by Carringer [37], this study also assessed preg-
nancy outcomes. Fertility, sperm motility, and graft survival
were evaluated and compared with a control group. After
3 months, 9 of the 15 (60%) rats were able to breed success-
fully and 24 (80%) vas grafts were patent and viable. Large
granulomata were reported to be present at the proximal
anastomosis sites in six (20%) autografts that failed.
Unilateral minimal fluid leakage was reported in six (20%)
of the proximal (testicular end) anastomosis sites in those
rats that were able to breed. On semen analysis, forward
motility was noted in 76% of sperm in the experimental
group, compared to 78% in the control group (p > 0.05). The
authors of this study concluded that vas deferens autograft
can be successfully performed in a rat model with subse-
quent breeding capability [44].

However, these results were contradicted by a study by
Nasir et al. that compared different autogenous graft materi-
als for reconstruction of large segment vas deferens defect in
arat model. In this study, vas deferens, artery, and vein grafts
were used to reconstruct 30% and 50% defects of the total
vas deferens length. No patency was found in any of the
grafts [45].

In addition to avoiding immunological difficulties, the
utilization of isolated, non-vascularized vas deferens auto-
grafts may also allow more flexibility in the possible location
of the implantation site along the reproductive tract, which
might be limited when vascularized (pediculated) vasal
grafts are used. More research would be required regarding
the possible implementation of this technique for the recon-
struction of long vas deferens defects.

15.3 Conclusions

Grafting of the male reproductive tract is an exciting new
area of tissue engineering which may allow natural concep-
tion for patients with significant lengths of obstructed vas
deferens. While stents had a significant and important role in
increasing patency and pregnancy rates in the pre-
microsurgical era, their role in the modern era of microsurgi-
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cal two-layered anastomosis remains to be defined. To date,
if the vasal obstruction is amenable to a primary watertight,
tension-free anastomosis, microsurgical non-stented tech-
niques remain the gold standard. Cases where a tension-free
anastomosis is not possible because of the physical length of
the obstruction remain problematic, but further research into
autografts and tissue engineering in the form of implantable
conduits holds much promise.

15.4 Review Criteria

An extensive search of studies examining grafting techniques
for vasectomy reversal was performed using search engines
such as ScienceDirect, OVID, Google Scholar, PubMed, and
MEDLINE. The start and end dates for these searches were
1973 and January 2019, respectively. The overall strategy for
study identification and data extraction was based on the fol-
lowing keywords: “grafting techniques,” “obstruction of vas
deferens,” “vasectomy reversal,” “epididymal obstruction,”
“partial vasal agenesis,” and ‘“vas deferens autograft.”
Articles published in languages other than English were also
considered. Data that were solely published in conference or
meeting proceedings, websites, or books were not included.
Websites and book chapter citations provide conceptual con-

tent only.
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