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USE OF TITANIUM KNOT PLACEMENT DEVICE (TK-5) TO
SECURE DORSAL VEIN COMPLEX DURING LAPAROSCOPIC
RADICAL PROSTATECTOMY AND CYSTOPROSTATECTOMY

SIDNEY C. ABREU, MAURICIO RUBINSTEIN, FREDERICO I. MESSIAS, RENATO S. ARGOLLO,
GLAUCO A. GUEDES, MARDHEM B. ARAÚJO, IRINEU RUBINSTEIN,

JOAÕ BATISTA G. CERQUEIRA, AND GILVAN N. FONSECA

ABSTRACT
ntroduction. We evaluated the feasibility and describe the surgical technique of using the Ti-Knot device
K-5 to secure the dorsal vein complex (DVC) during 20 consecutive cases of laparoscopic radical prosta-
ectomy and cystoprostatectomy.
echnical Considerations. Bloodless DVC ligation and transection was successfully achieved in 19
95.03%) of 20 cases. In only 1 case, venous bleeding occurred after DVC transection. However, in this case,
he two stitches used to ligate the DVC were tightly tied, and the bleeding probably occurred because the
titches were passed too superficially on the DVC. In another case, a third stitch had to be placed and tied
ith the aid of the Ti-Knot device because the second 2-0 Vicryl stitch placed at the DVC broke. In only 1 case
id we experience some degree of trouble with the knotting process because one of the ends of the Vicryl
uture slipped back into the abdominal cavity. The time to tie each suture with the Ti-Knot device, defined
fter the moment the needle was passed underneath the DVC to the moment the titanium knot was crimped
nd the Vicryl suture trimmed, was less than 1 minute (median 50 seconds, range 45 to 56) in all cases,
xcept the case described above. No cases of the Ti-Knot device misfiring or malfunction occurred in this
eries.
onclusions. In our experience, the Ti-Knot titanium knot placement device proved to be safe and efficient
uring laparoscopic ligation and control of the DVC. UROLOGY 67: 190–194, 2006. © 2006 Elsevier Inc.
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uring retropubic radical prostatectomy, abso-
lute control of venous bleeding from the dor-

al vein complex (DVC) is mandatory so that the
emainder of the procedure can be performed in a
loodless field.1 To achieve this ideal hemostasis,
he DVC is usually suture ligated before its transec-
ion with the aid of a right-angle clamp that is
lindly passed underneath the DVC to control it
ith a tie.2 Despite careful technique, the average
lood loss during open radical retropubic prosta-
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ectomy is 1000 mL, and hemorrhage from venous
tructures remains the most common intraopera-
ive problem of this intricate procedure.1

Conversely, during the laparoscopic counter-
art, precise placement of the DVC stitch is per-
ormed under clear and enhanced laparoscopic vi-
ualization. In addition, the tamponading effect of
he 15 mm Hg pressure carbon dioxide pneumo-
eritoneum significantly decreases venous bleed-
ng, which has been consistently reported to range
rom 322.5 to 488 mL in experienced hands.2,3

evertheless, the laparoscopic approach adds an-
ther layer of complexity to the task of tying a
ecure knot during DVC ligation because of such
ssues as diminished mechanical feedback, difficult

anipulation of the suture, a smaller range of mo-
ion, and the absence of normal binocular vision.4

herefore, laparoscopic DVC ligation may pose a
hallenge, especially for the novice laparoscopist,
nd venous bleeding may occur when the DVC

titch is loosened.

0090-4295/06/$32.00
doi:10.1016/j.urology.2005.07.047
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In an attempt to overcome the difficulty of knot
ying during DVC control, we have evaluated the
easibility and results of using the Ti-Knot device
TK-5, LSI Solutions, Victor, NY) to fasten and se-
ure the DVC expeditiously and safely during lapa-
oscopic radical prostatectomy (LRP) and laparo-
copic radical cystoprostatectomy (LRC).

MATERIAL AND METHODS

From August 2004 to April 2005, we used the Ti-Knot de-
ice to secure the DVC in 20 consecutive laparoscopic cases
ncluding 15 LRPs and 5 LRCs. Of the 20 cases, 18 (13 LRPs
nd 5 LRCs) were performed by one of us (S.C.A.) with some
rior experience with LRP and 2 (2 LRPs) were performed by
nother of us (M.R.) with no prior experience with LRP. All

IGURE 1. TK-5 Quick load Unit and TK-5 device: A, wi
, red lever; F, TK-5 device.

FIGURE 2. How to engage 2
RP and LRC cases were performed using the transperitoneal t

ROLOGY 67 (1), 2006
pproach, as described in detail elsewhere.2,3,5,6 We briefly de-
cribe the LRP technique, highlighting the relevant surgical steps
elated to DVC control that are similar during LRP and LRC.

After circumferential mobilization of the bladder, control of
he superficial dorsal vein, and exposure of the puboprostatic
igaments and the endopelvic fascia on either side, the prostate
s retracted tautly, and the endopelvic fascia is bilaterally in-
ised distally up to the lateral-most puboprostatic ligament,
hich is not divided. Subsequently, the Foley catheter is re-
laced by an 18F metallic urethral sound, and, to avoid inad-
ertent transgression of the urethra by the needle and suture,
he assistant pushes down the metallic sound, displacing the
rethra posteriorly. A 70-cm-long, 2-0 Vicryl stitch with a
T-1 needle is placed in a backhand manner from the right to

he left side, distal to the prostatic apex, between the DVC and
he urethra. The needle is then grasped on the left side of the
rostatic apex and retrieved outside the abdominal cavity

are; B, titanium knot; C, suture hole; D, curved handle;

icryl suture to TK-5 device.
re sn
hrough the right-hand working port. Extracorporeally, the
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eedle is detached from the suture and both ends are passed
hrough the wire snare of the TK-5 Quick load Unit, which is
lready engaged to the Ti-Knot device (Fig. 1). The curved
andle of the TK-5 Quick load Unit is rotated out of the suture
ole at the tip of the Ti-Knot device. Subsequently, the wire
nare and the 2-0 Vicryl suture are completely pulled out of
he tip of the Ti-Knot device (Fig. 2). The ends of the suture
re grasped with a Kelly clamp to pull the slack from the
uture. The Ti-Knot device is then advanced over the taut
uture back into the abdominal cavity through the right-hand
orking port. Intracorporeally, the surgeon further advances

he Ti-Knot device with one hand to the vicinity of the DVC,
hus apposing its tip against the tissue that will be ligated.
ubsequently, the surgeon applied tension on the Vicryl su-
ure by pulling the Kelly clamp cephalad with the other hand,
hus snugging down the DVC. The red lever of the Ti-Knot
evice is squeezed, thus simultaneously crimping the titanium
not and trimming the Vicryl suture. The excess suture is
ulled away, the red lever is pushed forward to release the
itanium knot, and the instrument is removed from the trocar
nd reloaded. The entire process is repeated again because we
outinely place two stitches across the DVC in an attempt to
chieve safe ligation (Fig. 3). Next, the anterior and posterior
ladder neck are divided, the vas deferens and seminal vesicles
re dissected, and the neurovascular bundles are released. At
his point, a laparoscopic Allis clamp is used to grasp the
ransected base of the prostate with significant cephalad trac-
ion, placing the urethra and DVC on stretch. Subsequently,
-hook electrocautery is used to divide the DVC meticulously

FIGURE 3. Second knot app
long the curvature of the apex of the prostate. k

92
RESULTS

Bloodless DVC ligation and transection was suc-
essfully achieved in 19 (95.0%) of 20 cases. Only
n 1 patient (patient 9 in this series) did venous
leeding occur after DVC transection. However, in
hat case, the two stitches used to ligate the DVC
ere tightly tied. Therefore, we believe that the
leeding resulted because both stitches were
assed too superficially on the DVC, and hence did
ot completely control all the venous structures in
he Santorini plexus. Nonetheless, the degree of
emorrhage coming from the DVC was not signif-

cant, and it was readily controlled by placing an-
ther stitch (2-0 Vicryl, CT-1 needle) around the
ransected dorsal vein, which was tied convention-
lly with laparoscopic needle holders. In another
ase (patient 1 in this series), a third stitch had to
e placed and tied with the aid of the Ti-Knot de-
ice because the second 2-0 Vicryl stitch placed at
he DVC broke before full crimping. This perhaps
ccurred because we applied excessive tension to
he suture during this first case. In only 1 case did
e experience some degree of trouble with the

to DVC to secure it reliably.
notting process. In that case, after the needle was

UROLOGY 67 (1), 2006
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etrieved outside the abdominal cavity and de-
ached from the Vicryl suture, one of the suture
nds slipped back into the trocar, thus precluding
ts passage through the snare. To overcome this,
he end of the suture that remained outside the
bdomen was gradually pulled until the other end
ame out of the trocar’s shaft into the abdominal
avity. Next, a laparoscopic clamp was inserted
hrough the right-hand working port, the end of
he suture was grasped and retrieved outside the
ody through this same port, and the Ti-Knot was
pplied. The time to tie each suture with the Ti-Knot
evice, defined after the moment that the needle was
assed underneath the DVC to the moment the tita-
ium knot was crimped and the Vicryl suture
rimmed, was less than 1 minute in all cases (median
0 seconds, range 45 to 56) except in the case de-
cribed above. No cases of the Ti-Knot device misfir-
ng or malfunction occurred in this series.

COMMENT

Suturing and knot tying are basic skills for sur-
eons. However, performing these tasks laparo-
copically can be a tedious, time-consuming en-
eavor associated with much frustration. This
ifficulty is largely related to the restricted working
pace, limited degree of freedom, and hand-eye co-
rdination problems resulting from disconnection
etween the visual and motor axes of the operator.7
upporting this, Crosthwaite and colleagues8 re-
orted that intracorporeal knot tying task effi-
iency of experienced surgeons decreased about
0% when the exercise was performed under an
ndoscopic view compared with direct vision.
lso, Pattaras and colleagues9 reported times of
ore than 5 minutes to securely tie a laparoscopic

not of five half-hitches, which would not be tol-
rated in open surgery. Furthermore, laparoscopi-
ally formed knots may be weaker than those tied by
and and can have a slippage rate of up to 44%.10,11

In an attempt to facilitate laparoscopic suture
nd knot tying, needle drivers and knot tying de-
ices have been created. In this study, we evaluated
he feasibility of using the TK-5 titanium knot
lacement device to secure the DVC during LRP
nd LRC. This device applies a reliable and strong
itanium knot to fasten the DVC stitch together
echanically, which was illustrated in our study

y the 95.0% successful ligation rate of the DVC,
esulting in virtually no bleeding in 19 of 20 cases
n its transection. Moreover, this device allows for
n expeditious knot tying process, with 97.5% of
he knots (40 of 41) tied in less than 1 minute in
ur study. Notwithstanding that the DVC can be
eliably secured with knots applied with conven-
ional laparoscopic needle drivers, this would cer-

ainly require meticulous technique and practice. a

ROLOGY 67 (1), 2006
n particular, because the first half knot on the
VC stitch usually needs to be double or triple

ooped, thus increasing the contact surface and
riction of the treads and allowing the holding
orce of the initial half knot to be just enough to

aintain the DVC structures tightly together while
he subsequent half knots are tied. The latter in-
olves rolling the suture material two to three
imes around the needle driver, requiring a degree
f expertise and concentration.4 In contrast, the
K-5 titanium knot placement device facilitates
xquisite finger-tip tension of the suture, allowing
dequate apposition of the vascular structures.
his was illustrated in the study of Joseph and col-

eagues12 that demonstrated that the Ti-Knot de-
ice is capable of occluding the renal arteries to
ressures that exceed 800 mm Hg with no leak,
quivalent to standard hand ties under supraphysi-
logic conditions.12

Three caveats are worth highlighting. First, be-
ore actually firing the titanium knot, it is crucial to
elax the urethral metallic sound fully, avoiding
ny posterior displacement of the urethra, which
ould result in a loose stitch. Second, if bleeding
ccurred during DVC transection, the tamponade
ffect of the carbon dioxide pneumoperitoneum
sually minimizes the degree of hemorrhage, al-

owing placement of another stitch around the
ransected dorsal vein. Third, after the DVC struc-
ures (closure site) are pulled together, only mild
o moderate tension is needed to maintain appro-
riate tissue apposition during knot crimping.
hus, the suture tension should be minimized dur-

ng squeezing of the red lever to avoid the suture
reaking, similar to what we observed during our
nitial case.

Concerns related to the use of nonabsorbable
aterials, such as placement of the titanium knot

lose to the urethra, might not be an issue. This is
ecause the actual suture used to secure the DVC is
ade of absorbable material and the titanium knot

s positioned away from the inner surface of the
rethra, which is separated from the titanium knot
y the bulk of the squeezed DVC. Moreover, in the
are event that the titanium knot actually migrates
nto the urethra, it is very likely that it would be
emoved endoscopically or would be easily elimi-
ated by the urinary stream. Furthermore, because
f its corrosive resistant nature, low toxicity, and
xcellent tissue and fluid biocompatibility, tita-
ium has been safely used in a variety of urologic
blative and reconstructive procedures, including
ladder cuff resection during laparoscopic nephro-
reterectomy, laparoscopic pelvioplasty, and open
nd laparoscopic neobladder construction.13–16

he endoscopic gastrointestinal anastomosis sta-
ler, which delivers multiple titanium staples, has

lready been used for ligation, division, and sta-
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ling of the DVC during open retropubic radical
rostatectomy, as described by Gould and Borer in
996.17 Moreover, in 3 of 5 patients who under-
ent LRC, cystoscopy was performed in the sec-
nd postoperative month (to remove the double-J
tents) without any signs of TK-5 knot protrusion
nto the urethra.

Finally, although we believe that the TK-5 knot
ctually helps with the DVC knot-tying task, pre-
ise placement of the DVC stitch is paramount to
chieve safe ligation of the venous complex. More-
ver, one (especially the novice laparoscopist)
hould not underestimate the value of practicing to
ecure the DVC safely using free-hand suturing
nd knot tying techniques exclusively. The addi-
ional costs related to the use of this disposable
evice were not evaluated in this study, but could
ertainly preclude the widespread use of it.

CONCLUSIONS

In our experience, the TK-5 titanium knot place-
ent device proved to be safe and efficient during

aparoscopic ligation and control of the DVC. DVC
notting was an easy and rapid task using the TK-5
not-tying device. We believe that less experienced
urgeons and surgeons in training would benefit
he most from the use of this device.
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