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ABSTRACT

Purpose: Microsurgical vasovasostomy and vasoepididymostomy remain technically challeng-
ing procedures. Refinements in technique have continually improved patency and pregnancy
rates for the 2 procedures in experienced hands. Advances in surgical robotics produced the Da
Vinci robot (Intuitive Surgical, Inc., Sunnyvale, California) with motion reduction and no tremor,
features that may improve outcomes in microsurgery. We report a randomized prospective study
of vasoepididymostomy and vasovasostomy using the Da Vinci robot in rats.

Materials and Methods: A total of 24 adult male Wistar rats underwent vasectomy through a
midline abdominal incision. Two weeks later the animals were randomized to microsurgical
multilayer vasovasostomy, longitudinal vasoepididymostomy or robotic vasovasostomy and va-
soepididymostomy groups. Outcomes measured included surgical time, complications, patency
and sperm granuloma formation at 9 weeks.

Results: Animals were sacrificed 9 weeks after microsurgery. There were no significant
differences in complications among the groups. Robotic vasovasostomy was significantly faster
than the conventional microsurgical technique (68.5 vs 102.5 minutes, p = 0.002). The robotic
and microsurgical vasoepididymostomy groups did not differ significantly in time. Patency rates
were 100% for the robotic vasovasostomy and vasoepididymostomy groups, and 90% in the
microsurgical vasovasostomy and vasoepididymostomy groups. These differences were not sig-
nificant. Sperm granulomas were found in 70% of microsurgical vasovasostomy anastomoses and
27% of robotic vasovasostomy anastomoses (p = 0.001). No significant difference in the sperm
granuloma rate was found between the robotic or microsurgical vasoepididymostomy groups
(42% and 50%, respectively, p = 0.37).

Conclusions: To our knowledge we report the first randomized prospective study using the
Da Vinci robot for microsurgery. We believe that the improved stability and motion reduction
during microsurgical suturing with the robot helped achieve excellent patency rates for vasova-
sostomy and vasoepididymostomy. The robot may also allow experienced microsurgeons to
perform microsurgical procedures in patients at remote locations where no experienced micro-
surgeons are available.
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More than 500,000 men undergo vasectomy in the United
States to effect permanent contraception yearly.! Of vasecto-
mized men 3% to 8% ultimately request reversal, usually as
a result of divorce and remarriage.2-3 Microsurgical vasova-
sostomy, initially described by Owen and Silber and subse-
quently modified, remains the most successful procedure to
restore patency to the vas deferens with return of sperm to
the ejaculate.*-6

The Vasovasostomy Study Group reported the largest se-
ries of outcomes with this technique.” Patency and pregnancy
rates varied directly with the obstructive interval. While the
overall patency rate was 86% and the pregnancy rate was
51.6%, results in men with obstruction for fewer than 3 years
were 97% patency with a 76% pregnancy rate. Others re-
ported similarly good results with a microsurgical approach
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to vasectomy reversal® and patency rates of 99.5% have been
reported for microsurgical vasovasostomy in humans.®

Approximately 10% of male infertility is due to nonvasec-
tomy related obstructive azoospermia. The majority of these
obstructions are epididymal. Microsurgical vasoepididymos-
tomy is required to restore sperm to the ejaculate in cases of
epididymal obstruction.6.10-13 Currently patency rates of
52% to 85% can be expected with a pregnancy rate of 11% to
56%.10.11,14-16 Degpite these excellent results the technical
demands and lengthy operative times preclude all except the
most experienced microsurgeons from routinely performing
this operation.

Recent advances in surgical robotics produced the Da
Vinci surgical robotic system. Rapidly this device was ap-
plied to the fields of general, vascular, cardiac, pediatric,
gynecologic and urologic surgery.l” The advantages of the
surgical robot include improved visibility with a
3-dimensional view, a comfortable and ergonomically su-
perior position during surgery, and increased degrees of
freedom of motion of instruments, which are especially
important for laparoscopic surgery. Another important ad-
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vantage of the robot is improved stability during suturing
as a result of the motion reduction feature in the robot.18
Specific to urology, the Da Vinci robot has been applied to
laparoscopic pyeloplasty and laparoscopic radical prosta-
tectomy with great success.1?:20 These reports demonstrate
the feasibility of the Da Vinci robot in aiding the perfor-
mance of complex reconstructive maneuvers during lapa-
roscopy.

Prior to this study the only published data exploring the
Da Vinci robot for urological microsurgery were the encour-
aging results of a small pilot study of suture placement for
vasovasostomy.2! To our knowledge there have been no prior
reports of robotic vasoepididymostomy. In our study we used
the Da Vinci to perform microsurgical vasovasostomy and
vasoepididymostomy. We hypothesized that the advantages
of motion reduction and the improved stability of suturing
would lead to results at least as good as or better than those
currently obtained using standard microsurgical techniques.
Furthermore, the robot may allow microsurgical reconstruc-
tion to be performed by an experienced microsurgeon at a
location remote from the patient.

MATERIALS AND METHODS

Animal selection. A total of 24 adult male Wistar rats were
housed in groups of 2 animals per cage. Weight ranged from
250 to 275 gm at the start of the study.

Creation of obstructive azoospermia animal model. Ani-
mals were anesthetized with a ketamine/xylazine mixture
(0.22 ml/100 gm animal weight). To achieve an obstructive
azoospermia animal model each animal underwent bilateral
vas occlusion through a lower midline incision with a small
hemostatic clip (Auto Suture Premium Surgiclip S-9.0’, Ethi-
con Corp., Greenwich, Connecticut) placed on the vas 1.5 cm
from the vasal-epididymal junction.2! After the procedure the
testes were carefully placed back into the scrotum and the
abdomen was closed with 3-zero absorbable sutures (Ethicon
chromic gut U213, Ethicon Corp.).

Standard microsurgical techniques. After 2 weeks of vas
occlusion the animals were randomized to undergo a micro-
surgical or a robotic procedure. In the microsurgical group
animals were further randomized to undergo multilayer va-
sovasostomy or longitudinal vasoepididymostomy. In the ro-
botic group animals were further randomized to undergo
robotic vasovasostomy or robotic vasoepididymostomy. All
microsurgical and robotic procedures were performed by one
of us (JS) using techniques previously described.22 The ani-
mals were anesthetized with a ketamine/xylazine mixture. A
midline abdominal incision was made through the old inci-
sion. The testes and vasa were delivered into the wound and
any adhesions were bluntly dissected. Standard microsurgi-
cal procedures were done with an OPMI1 Zeiss operating
microscope (Carl Zeiss, Oberkochen, Germany) providing 4 to
25X magnification.

Robotic microsurgical techniques. Our initial experience
with the robot involved familiarizing the operating surgeon
with the robot design and setup. The ergonomic design facil-
itates the fine hand-to-eye coordination required for precision
suture placement. The intuitive design allowed for rapid
acquisition of basic microsurgical skills with robotic hands.
Hand and foot pedal controls integrate seamlessly to allow
simultaneous camera and robotic hand control, similar to an
operating microscope for standard microsurgical vasovasos-
tomy and vasoepididymostomy (fig. 1). Initial exercises in-
volved placing sutures on a practice card with the robotic
hands. We then simulated suture placement in the vas lumen
and epididymal tubule with thin polyvinyl chloride tubing.
We also incised the tubing to simulate opening the tubule.

Standard Microsurgical Vasovasostomy: The testicular
and vasal ends were cut with microscissors and any sperm
granuloma found was dissected free and discarded. After the
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Fic. 1. Initial experience with robot involved familiarizing operating
surgeon with robot design and setup in laboratory (A) and some robotic
exercises involved placing sutures (B) on practice card with ro-
botic hand and foot coordination (C and D).

vasal ends were prepared they were placed in a Goldstein
microspike vas approximating clamp (ASSI, Long Island
City, New York). Under 16 to 25X magnifications conven-
tional sutured vasovasostomy with 4, 10-zero nylon mucosal
double armed sutures (Surgical Specialties, Reading, Penn-
sylvania) was performed. Eight to 12, 10-zero nylon muscular
sutures were then placed to support the anastomosis.

Standard Microsurgical Longitudinal Intussusception Vaso-
epididymostomy: The epididymis was examined under high
power to select a dilated epididymal tubule. After the vasal
end was prepared a single 9-zero suture was placed through
the vasal adventitia and the epididymal tunic to fix the vasal
end near the epididymal tubule selected. Under 16 to 25X
magnification the control group underwent longitudinal in-
tussusception pull-through vasoepididymostomy.23 Two 10-
zero nylon double armed sutures were placed parallel and
longitudinal into the epididymal tubule with the needles left
in. An opening was then made in the epididymal tubule. The
needles were pulled through and then placed inside out into
the vasal end. This maneuver intussuscepted the epididymal
tubule into the vas after the sutures were tied. Eight to 10,
10-zero nylon sutures were placed to approximate the epidi-
dymal tunic to the vasal muscle and adventitia (fig. 2, A and B).

Robotic Microsurgical Vasovasostomy: Robotic vasovasos-
tomy was performed in a manner identical to that of the
control group. Briefly, the vasa were prepared under an OPI1
Zeiss operating microscope and the 2 cut vasal ends were
placed in a vas approximating clamp. After the anastomosis
was set up under the operating microscope the animal was
transferred to the Da Vinci surgical robot field for microsur-
gical anastomosis (fig. 3). The anastomosis was performed
using 4, 10-zero double armed fishhook needles for the mu-
cosa, which were placed with the Da Vinci surgical robot (fig.
4). All suture placement and tying were performed with the
Da Vinci robot. After all 4 sutures were tied 8 to 12, 10-zero
muscular sutures were placed to support the anastomosis,
again using the Da Vinci surgical robot. The sutures were cut
by an assistant wearing surgical loupes. After the anastomo-
sis was completed on 1 side the testicle was returned to the
scrotum on that side and the contralateral side was prepared
under the Zeiss operating microscope. Identical robotic anas-
tomosis was performed.

Robotic Microsurgical Longitudinal Intussusception Vaso-
epididymostomy: As in the control group, an epididymal tu-
bule was selected under the Zeiss operating microscope and
the vasal end was secured to the epididymal tunic with a
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Fic. 2. Standard microsurgical longitudinal intussusception vaso-
epididymostomy. Two 10-zero nylon double armed sutures were
placed parallel and longitudinal into epididymal tubule (A and B)
with needles left in. Opening was made in epididymal tubule. Nee-
dles were pulled through and placed inside out into vasal end (C),
which intussuscepted epididymal tubule into vas after sutures were
tied. Eight to 10, 10-zero nylon sutures were made to approximate
epididymal tunic to vasal muscle and adventitia (D).

Fic. 3. Animal was transferred to surgical robot field for micro-
surgical anastomosis.

single 9-zero nylon suture. After preparation of the animal
under the Zeiss operating microscope longitudinal intussus-
ception pull-through vasoepididymostomy was done with 2,
10-zero nylon double armed sutures placed parallel and lon-
gitudinal into the epididymal tubule. They were then placed
inside out into the vasal end using the Da Vinci robot. Eight
to 10, 10-zero nylon serial sutures were placed to reinforce
the anastomosis from epididymal tunic to vasal muscle and
adventitia, again placed with the robot. All anastomosis su-
ture placement and tying were performed with the robot.
Sutures were cut by the assistant with the aid of operating
loupes. After the anastomosis was completed on 1 side the
testicle was returned to the scrotum on 1 side and the con-
tralateral side was prepared under the Zeiss operating micro-
scope. Identical robotic anastomosis was performed (fig. 5).
Wound closure. A single side was completed prior to the
performance of the second anastomosis. After bilateral vaso-
vasostomies the testicles were returned to the scrotum. The
abdominal musculature was reapproximated with 4-zero
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Double armed 10-0 sutures
placed inside out

Fic. 4. Robotic microsurgical vasovasostomy. All suture place-
ment and tying were performed with microsurgical robotic instru-
ments. After all 4 sutures were tied 8 to 10, 10-zero muscular sutures
were placed to support anastomosis using surgical robot. Ten-zero
double armed needle was placed into vas lumen (A) and muscularis
layer was completed with 6 to 8, 10-zero sutures (B).

10-0 double-armed
needle

g

Fiac. 5. Robotic microsurgical longitudinal intussusception vaso-
epididymostomy. Pull-through vasoepididymostomy was done with
2, 10-zero nylon double armed sutures placed parallel and longitu-
dinal into epididymal tubule (A), and then placed inside out into
vasal end using robot (B).

chromic catgut (Ethicon Corp.) and the skin was closed with
clips (Baxter International, Deerfield, Illinois).

Assessment of anastomoses. The animals were sacrificed 9
weeks after surgery. The anastomotic sites were inspected
for the presence of adhesions, scarring and sperm granulo-
mas (fig. 6). The presence and size in ml of the longest
dimension of sperm granulomas were recorded.

Patency evaluations. Anastomotic patency was assessed
functionally and mechanically.23 The distal vas was transected
and the presence or absence of vasal fluid was noted. Fluid
was then examined microscopically to assess for the pres-
ence or absence of motile sperm. Mechanical patency was
then assessed by isolating the whole vas proximal and
distal to the anastomosis (fig. 7). Methylene blue diluted
with saline was gently injected into the distal vas and the
flow of fluid was examined under the microscope. If meth-
ylene blue was observed intraluminally distal to the anas-
tomosis under the microscope, the anastomosis was
deemed patent.
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Fic. 6. At 9 weeks anastomotic sites were inspected for adhesions,
scarring and sperm granulomas.

Motile Sperm

Functional Patency

Mechanical Patency

FiG. 7. Anastomotic patency was assessed functionally and me-
chanically. Distal vas was transected and presence or absence of
vasal fluid was noted. Functional test was examined microscopically
to assess presence or absence of motile sperm in distal end of vasal
fluid (A). Retrograde methylene blue vasogram demonstrates me-
chanical patency of anastomosis (B). Dye flowed freely through anas-
tomosis and filled epididymal tubules in retrograde fashion.

RESULTS

All animals survived surgery. In 1 animal in the robotic
vasovasostomy group the epididymis was completely re-
placed by sperm granuloma after vasectomy. No epididymal
tubule could be isolated to perform vasoepididymostomy. One
animal in each of the vasovasostomy and vasoepididymos-
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tomy standard groups died postoperatively. Autopsy exami-
nation 3 and 4 days after the procedure revealed intact anas-
tomoses with the likely cause of death unrelated to the
anastomosis. Patency results in these animals were excluded
from analysis. Therefore, the standard groups had 10, the
robot vasovasostomy group had 11, and the robotic vasoepididy-
mostomy group had 12 anastomoses available for analysis.

At microsurgical reconstruction the average weight of an-
imals was 446 gm in the standard vasovasostomy group vs
414 gm in the robotic group (p = 0.12) and 392 gm in the
standard vasoepididymostomy group vs 435 gm in the robotic
group (p = 0.15). Eight sides in the standard vasovasostomy
group had sperm granulomas vs only 1 in the robotic group
(p = 0.03, see table). Four sides in the standard vs 3 in the
robotic vasoepididymostomy groups had sperm granulomas
upon reversal (p = 0.4).

Da Vinci robot vasovasostomy was significantly more rapid
than the standard microsurgical technique. Mean surgical time
was 102.5 minutes in the standard vasovastomy group and 68.5
minutes in the robotic vasovastomy group (p = 0.002, see table).
After correcting for the animal in which only 1 was performed
the mean time was 74 minutes in the robotic group (p = 0.003
vs standard vasovasostomy). The time difference between stan-
dard microsurgical and robotic vasoepididymostomy was not
significant, although the robotic group was more rapid. The
mean time for standard vs robotic vasoepididymostomy was
107.3 vs 90.3 minutes (p = 0.29). The number of sutures placed
was the same for microsurgical and robotic vasovasostomy, and
for microsurgical and robotic vasoepididymostomy.

The animals were sacrificed 9 weeks after microsurgical
reconstruction. The table lists results. Vasovasostomy was
successful in 90% of standard vasovasostomy animals and in
100% of Da Vinci robot vasovasostomy animals, which was
not statistically significantly different (p = 0.23). Similar
results were observed in the vasoepididymostomy groups
with 90% of standard longitudinal vasoepididymostomy ani-
mals having patent anastomoses and 100% of Da Vinci robot
vasoepididymostomy animals having patent anastomoses.
This difference was also not statistically significantly differ-
ent (p = 0.16).

Sperm granulomas were found in 70% of standard vs 27%
of Da Vinci robot completed vasovasostomy anastomoses
(p = 0.001). There was no statistically significant difference
between sperm granulomas for standard vs Da Vinci robot
vasoepididymostomy (50% vs 42%, p = 0.37).

DISCUSSION

To our knowledge our results represent the first random-
ized trial comparing standard microsurgical vasovasostomy
and vasoepididymostomy to Da Vinci robot assisted proce-
dures. We performed identical vasovasostomy or vasoepi-
didymostomy whether using the standard microsurgical or
robotic technique. Pre-anastomosis preparation of the vas
was the same and anastomoses were constructed in the same
fashion.

The lack of difference in results is not surprising. Previous
reports have documented a greater than 90% patency rate for

Outcome of standard vs robotic vasovasostomy and standard vs robotic vasoepididymostomy by overall patency, surgical time and
sperm granuloma

Surgical Technique Anaslii);oses Oper(ar::;\;les)’l‘ me Percent Patency Pzigﬁlﬁ I:s;m

Vasovasostomy:

Standard 10 102.5 90 70

Robotic 11 68.5 100 27

p Value (chi-square for comparison) 0.002 0.23 0.001
Vasoepididymostomy:

Standard 10 107.3 90 50

Robotic 12 90.3 100 42

p Value (chi-square for comparison) 0.29 0.16 0.37
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vasovasostomy in laboratory and clinical studies. Prior stud-
ies from our laboratory and others also showed greater than
90% patency rates for vasoepididymostomy.16.2¢ Therefore,
the 90% patency rates in our control microsurgical groups
were expected.

While there was no significant difference between the con-
trol and Da Vinci robot groups, our study was not powered to
detect this degree of difference. Since the patency rates of
microsurgical vasovasostomy and vasoepididymostomy were
high, we would have needed to include at least 10 additional
anastomoses per group to power the study adequately to
detect significant differences of this magnitude. Neverthe-
less, the robotic groups had 100% patency compared to 90%
for the microsurgical groups.

The benefits of the surgical robot for microsurgery are the
enhanced control of suturing and the elimination of tremor.
While the magnification of the robotic camera (10 to 15X) is
not as high as that of the Zeiss operating microscope (up to
25X), enhanced control with motion reduction compensated
for this difference.

While patency was not statistically different between the
groups and sperm granuloma rates were not different in the
vasoepididymostomy groups, robotic vasovasostomy had a
significantly lower sperm granuloma rate than the standard
microsurgical group. This result was likely due to the im-
proved precision of suture placement with the robotic instru-
ments, resulting in a more watertight anastomosis. Minimal
handling of the tissue with the robotic graspers is advised
because of the lack of tactile feedback. It decreases tissue
trauma and we believe that it may improve patency. We
believe that the improved precision of the robot allows more
rapid suture placement and tying than with a microsurgical
approach. With the robot there is little difference between
placing sutures with the left or right hand, which also facil-
itates suturing.

The benefits achieved with the surgical robot were ac-
quired with a short learning curve. Prior to this study robotic
training was performed during a 6-hour period, consisting of
suture placement and tying on a practice card and through
plastic tubing. After this brief inanimate exposure and after
performing the microsurgical procedures robotic vasectomy
reversals were performed. We believe that the experience
gained by doing the standard microsurgical techniques first
accounts for some of the difference in time observed for mi-
crosurgical vs robotic vasovasostomy. In the operating room
with human patients the robotic setup may add time to the
procedure. However, since this operation is open, we believe
that setup would be shorter than for a laparoscopic proce-
dure.

A major difficulty that we noted when performing robotic
surgery was the suboptimal instrumentation available for
the surgical robot. These instruments are not ideally
suited for delicate microsurgery. The needle driver cur-
rently available is designed for the smallest vascular su-
tures commonly used in cardiac surgery, that is a 7-zero
suture. In our study we used 10-zero sutures for anasto-
moses. A true microneedle holder for 10-zero suture would
have made the robotic procedure easier and possibly more
effective. The lack of tactile feedback was also a drawback
to using the robot. During the initial learning phase with
the robot several sutures were broken after placement and
tying on the practice card. After we discovered that visual
cues were crucial to the outcome of suturing and we adapted to
this situation we did not break any sutures in the robotic group
during the vasovasostomy and vasoepididymostomy proce-
dures. With practice adapting to the robot was not difficult.

CONCLUSIONS

To our knowledge we report the first prospective, ran-
domized trial exploring the Da Vinci robot for microsur-
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gery. We believe that the improved stability and motion
reduction during microsurgical suturing with the Da Vinci
robot helped us to achieve excellent patency rates for va-
sovasostomy and vasoepididymostomy. The robot will also
allow experienced microsurgeons to perform the procedure
in patients at remote locations where no experienced mi-
crosurgeons are available. The future for robotic vasova-
sostomy and vasoepididymostomy may include telerobotic
surgery, which will allow experienced microsurgeons to
perform challenging anastomoses on patients in remote
locations. Furthermore, proctoring will be much easier
because an experienced surgeon can observe and aid re-
motely in the performance of a procedure by a less experi-
enced microsurgeon.
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