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ABSTRACT

Biosurgical preparations designed to promote surgical hemostasis and tissue adhesion are being increasingly employed
across al surgical disciplines. Fibrin sealant isthe most widely studied and utilized biosurgical adjunct in urology. Com-
plex reconstructive, oncologic, and |aparoscopic genitourinary procedures are those most appropriate for sealant use. This
article detail s the diverse urologic applications of fibrin sealant in the management of genitourinary injuries, surgery, and

complications.
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INTRODUCTION

Although most applicationsare off-labdl, tis-
sue seal ants and hemostatic agents are being increas-
ingly employed across all surgical disciplines.
Biosurgical compounds can serve as adjunctsto pri-
mary surgical therapy or may assist in managing or
preventing surgical complications. In urology, hemo-
static agents and tissue sealants are finding increas-
ing roles in managing traumatic and iatrogenic uro-
logic injuries and promoting optimal wound healing.

Among the variety of hemostatic products
now available in the United States (Table-1), fibrin
sealant is the most widely utilized biosurgical agent
in urologic surgery. This article details the diverse
urologic applications of fibrin sealant for hemosta-
Sis, tissue adhesion, and urinary tract sealing.

FIBRIN SEALANT

Development
Mixtures of coagulation factors have been
used in surgery for amost a century, dating back to
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the use of afibrin emulsion by Bergel in 1909 to pro-
mote wound healing (1). Purified thrombin became
available in 1938, and was first combined with fi-
brinogen in 1944 to enhance adhesion of skin grafts
to burned soldiers (2). Although commercial fibrin
sealant has been widely used in Europe since the
1970's, concerns about possible vira transmission
limited sealant use in the United States until recently.
In 1998, Tissed® (Baxter Healthcare, Deerfield, I1-
linois) becamethefirst fibrin sealant approved by the
Food and Drug Administration (FDA) for use in the
United States.

Although thethree FDA approved indications
for fibrin sealant are reoperative cardiac surgery, co-
lon anastomosis, and treatment of splenic injury, fi-
brin sealants have been successfully employed in
countless numbers of non-urologic surgical applica
tions, including liver laceration, hepatic resection,
bowel and vascular anastomoses, enterocutaneous and
anorectal fistulae closure, cardiothoracic surgery, and
neurosurgery. A review in 2002 by Shekarriz & Stoller
(3) wasthefirst mgjor contemporary urological pub-
lication addressing the use of fibrin sealant in uro-
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Table 1 — Hemostatic agents and tissue adhesive available in the United Sates.

Hemostatic Agents

Component Brand Name M anufacturer
Fibrin sealant Tisseel VH ® Crosseal® Baxter Healthcare Omrix
Gelatin matrix thrombin FloSea® Baxter Healthcare
Thrombin Thrombin-JIMI® Jones Pharma

Gelatin sponge Gelfoam® Pharmacia Upjohn
Oxidized cellulose Surgicel® Ethicon

Collagen sponge Actifoam® CR Bard

Collagen fleece Avitene® CR Bard

Recombinant factor Vlla NovoSeven® Novo Nordisk A/S

Tissue Adhesives

Fibrin sealant Tisseel VH ® Crosseal® Baxter Healthcare Omrix
Polyethyleneglycol CoSed® Baxter Healthcare
Cyanoacrylate Dermabond® Ethicon

logic surgery, and an increasing number of urologi-
cal sealant applications have followed.

Composition

Fibrin sealant contains 2 major components
(thrombin and highly concentrated fibrinogen) which
replicate and augment the final stage of the coagula
tion cascade—the cleavage of fibrinogen into fibrin
by the action of thrombin—when mixed together. It

Fibrinogen

isimportant to note that the fibrinogen concentration
of sealant is supraphysiologic, 15 to 25 times higher
thanthat of circulating plasma. Theresultant clot tends
to form more rapidly and more reliably than normal.
Other key components of fibrin sealant are Factor
X111, which covalently crosslinks the fibrin polymer
to produce an insoluble fibrin coagulum, and an
antifibrinolytic agent which inhibits fibrinolysisthus
preserving the stable fibrin clot (Figure-1).

Activated Thrombin

v

Fibrin Monomers

v

Fibrin Monofilaments

in

Factor XIII

Stable Fibrin Clot

Figure 1 — Mechanism of action of liquid fibrin sealant in recapitulating the terminal portion of the coagulation cascade.
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Tisseel® (Baxter Healthcare, Deerfield, Illi-
nois) and Crosseal® (Omrix Biopharmaceuticals, Ltd,
Israel) are the two fibrin sealants currently marketed
inthe United States. Tisseel ® containsbovine aprotinin
asits antifibrinolytic agent. Aprotinin is a serine pro-
tease inhibitor derived from bovine lung that worksto
limit fibrinolysis by inhibiting plasmin, kallikrein, and
trypsin. Crossed utilizes only human-derived proteins
by including tranexamic acid as its antifibrinolytic
agent instead of bovine aprotinin. Tranexamic acid is
asynthetic anal ogue of the amino acid lysineand com-
petesfor lysine binding sites on plasminogen and plas-
min, preventing binding to fibrin and inhibiting fi-
brinolysis (4).

Safety

All approved fibrin sealant preparations uti-
lize acombination of donor screening, serum testing
and retesting after 90 days storage, and a two-step
vapor heating process to ensure viral safety (5,6).
These steps are highly effective in ensuring viral
safety and, to our knowledge, there are in 2005 still
no reported transmissions of blood-borneviral patho-
gens associated with the use of FDA approved fibrin
sealants (5). One parvovirus B19 transmissioninvolv-
ing anon-FDA approved fibrin sealant was reported
from Japan, but most adults have preexisting anti-
bodiesto thisvirusand theinfectionisusually aself-
limited diarrhea (7).

Delivery Methods

Fibrin sealants are administered using adual -
chamber delivery system in which one chamber con-
taining fibrinogen and factor XI1I is admixed with
the other chamber containing thrombin directly at the
site of application using a“Y” adaptor, alowing an
immediate conversion of fibrinogen to fibrin as the
solutions exit the syringe. Dual lumen catheters en-
sure smooth, rapid sealant delivery, and a variety of
specialized catheters and cannulae are available for
endoscopic, |aparoscopic, and open surgical applica-
tion. We have also successfully used a dual lumen
peripheraly inserted central catheter (PICC) linefor
percutaneous transrenal application (8). Polymeriza-
tion into the biocompatible fibrin clot is completed
within 3 minutes (9), and the clot isgradually broken
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down and removed from the site by macrophages
within 2-4 weeks, eventually becoming histopatho-
logically invisible, without fibrosis or foreign-body
reaction (10).

UROLOGICAL APPLICATIONS

Commercia fibrin sealant is employed for
three major reasonsin urologic surgery - as a hemo-
static agent, a urinary tract sealant, and/or a tissue
adhesive. A list of the most common urological ap-
plications is presented in Table-2. Fibrin sealant’s
unigue properties as ahemostatic agent, urinary tract
sealant, and tissue adhesive make it an effective ad-
junct for managing complex urologic injury and pro-
moting wound healing in the genitourinary tract.

Table 2 —Urological applications of fibrin sealant.

|. Hemostasis

Partial nephrectomy

Open

L aparoscopic (13-16)

Percutaneous nephrolithotomy (22)
Management of splenicinjury (23)
Hemophilia and other coagul opathy (24)
Circumcision (25)

Hemorrhagic cystitis (27)

[I. Urinary Tract Sealant

L aparoscopic and open pyeloplasty (31-34)
Ureteral anastomoses (31-34)

Urethral reconstruction (37)

Simple retropubic prostatectomy (35)

Radical retropubic prostatectomy (36)

Bladder injury (24)

Lymphadenectomy (38,39)

Percutaneous nephrolithotomy tract closure (22)

I11. Tissue Adhesion

Fournier’s gangrene reconstruction (41,42)
Fistula closure (24,45,46)

Skin grafting (42)

Complex urethroplasty (37)
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Hemostasis

Partial Nephrectomy

Fibrin sealant has been used since 1979 in
open partial nephrectomy (11). The recent advent
of minimally invasive techniques for nephron spar-
ing surgery has resulted in widespread fibrin seal -
ant use during laparoscopic partial nephrectomy to-
day (12-15). A recent survey of 193 members of
the World Congress of Endourology discovered
68% of surgeons routinely utilized fibrin sealant
to assist with hemostasis during laparoscopic par-
tial nephrectomy (16). Application of fibrin sealant
to the cut surface of the renal parenchymal wound
after segmental vascular and collecting system su-
ture ligation during partial nephrectomy enhances
hemostasis. The fibrin sealant layer can then be sup-
ported by a gelatin or collagen bolster, which is ef-
fectively glued into the renal defect by holding
manual pressure on the bolster “sandwich”. In vivo
testing of fibrin sealant in a porcine model of open
partial nephrectomy demonstrated supra-physiol ogi-
cal sealing pressures of the renal parenchymal vas-
culature (mean 378 mm Hg) and collecting system
(mean 166 mm Hg) compared to unsealed controls
(17).

Renal Trauma

In 1989, Kram and colleagues first reported
fibrin sealant use in 14 patients with traumatic renal
injuries. renal salvage was achieved in al caseswith
no postoperative infection, delayed hemorrhage, or
urinoma formation (18). In 2004, our laboratory re-
ported the effective use of FDA-approved fibrin seal -
ant in central porcine rena stab wounds when used
in conjunction with a bolster of absorbable gelatin
sponge or microfibrillar collagen (19). Though not
yet commercially available, the absorbable fibrin ad-
hesive bandage (AFAB), asimilar product consisting
of dry fibrin sealant on a polyglactin mesh backing
developed in conjunction with the American Red
Cross, significantly reduced bleeding in addition to
operative and ischemic times in repair of porcine
model s of lower renal pole amputation (20) and grade
IV rena stab wounds (21).
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Miscellaneous Hemostatic Applications

Noller et al. reported no hemorrhagic com-
plications in 10 consecutive renal units treated with
fibrin sealant-assisted tubel ess percutaneous nephroli-
thotomy (PCNL) (22). The instillation of 2 to 3 mL
of fibrin sealant into the parenchymal defect is per-
formed as the sheath isremoved at the conclusion of
PCNL in lieu of nephrostomy drainage. Postopera-
tive computed tomography has confirmed the absence
of perirenal hematomas in these “tubeless’ proce-
dures.

We have found that intraoperative splenic
injury during left nephrectomy iseasily managed with
direct application of fibrin sealant to the bleeding
parenchyma, thereby promoting prompt hemostasis
and avoiding the need for splenectomy (23). Fibrin
sealant has also been successfully used to control
“medical” bleeding caused by warfarin use or other
coagulopathies during urologic surgical procedures
(24,25). Other urologic hemostatic applications in-
clude sealing the oral mucosal donor site during buc-
cal graft urethroplasty (26) and cystoscopic applica
tion of fibrin sealant after fulguration to provide he-
mostasisin refractory radiation-induced hemorrhagic
cystitis after supravesical urinary diversion (27).

Urinary Tract Sealant

A variety of non-urological studies has sug-
gested the increased strength of sealed anastomoses.
Skin sutures supported by a layer of fibrin sealant
provided watertight anastomoses immediately after
surgery and withstood significantly higher hydrostatic
pressures than non-sealed anastomoses (28). Han et
al. noted that microvascular sutured anastomoses sup-
ported by fibrin sealant had enhanced re-
endotheliazation (29), and Park et al. reported signifi-
cantly increased tensile strength in sealed skin clo-
sure versus controls (30).

Ureteral Anastomosis

Kram and colleagues first reported the suc-
cessful use of fibrin sealant as a bolster over the su-
ture line for ureteral anastomosis in 1989 (18). We
have found fibrin sealant to be a useful adjunct in
managing a variety of ureteral injuries, both iatro-
genic and traumatic, and have frequently performed
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“drain-free” sealed repairs. Between 2001 and 2003,
10 patients underwent definitive management of ure-
teral injury at our institution. Our experience has
shown that sealant effectively prevents ureteral uri-
nary extravasation and has not been associated with
postoperative infection, leak, or scar formation (Fig-
ure-2). We believe that a sealed, stented ureteral re-
pair is prudent in cases where a transabdominal ap-
proach has been performed because transabdominal
drains are avoided. We also fed it isimportant to ap-

Figure 2 — A) Sab wound to right flank with medial perirenal
contrast material extravasation on preoper ative trauma computed
tomography (CT). A4 cmlaceration to theright renal pelviswas
successfully repaired using 5-0 PDS suture with the application
of a bolster of 5 cc of fibrin sealant over the suture lineto rein-
force urinary tract seal. No drain was placed. B) Postoperative
CT image obtained 72 hours|later demonstrates drain-freeintact
repair over ureteral stent without evidence of extravasation or
urinoma.
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ply the sealant as a means of “suture support” by re-
inforcing standard suture lines, not in lieu of careful
suture repair.

The increasing performance of |aparoscopic
rena reconstruction surgery may lead to increased
sealant use. Fibrin sealant has been shown to suc-
cessfully support approximating suturesin aporcine
model of laparoscopic ureteral anastomoses (31) and
hasimproved radiographic outcomes compared tofree
needle suturing and laser weld closure (32). A vari-
ety of studies have shown fibrin sealant to be effec-
tive as a bolster for laparoscopic pyeloplasty or col-
lecting system repair (33), and satisfactory drainage
has been confirmed by radiologic imaging at one to
two years (34).

Prostatectomy

Drain-free ssimple retropubic prostatectomy
has been successfully performed in over 25 casesin
our institution, and we have demonstrated a faster
return to regular diet and shortened hospital stay when
compared with conventional simple prostatectomy
(35). Again, we believe it is important to apply the
sealant outsidethe urinary tract, over the sutured pro-
static capsular closure, to ensure that the fibrin clot
doesnot occlude urinary catheter drainage. Similarly,
Diner et al. reported in 2004 that a significant de-
crease in postoperative drain output was hoted in 16
patients following radical retropubic prostatectomy
when 5 cc of fibrin sealant was applied to the suture
line of the urethrovesical anastomosis (36). Earlier
drain removal should facilitate a more expedient re-
covery and earlier discharge from the hospital |ead-
ing to cost savings.

Urethroplasty

Fibrin sealant appears to allow earlier cath-
eter removal, improved patient satisfaction, and en-
hanced wound healing after pendul ous urethropl asty
(37). In our experience of applying fibrin sealant
directly over a suture line of 5-zero polydiaxanone
during pendul ous urethroplasty in 18 patients, acom-
pletely healed anastomosis was confirmed by void-
ing cystourethrography (VCUG) performed 1 week
postoperatively in 83% of patients; all 18 patients
demonstrated compl ete healing within 14 days, com-
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pared to 8% of patientsin the control group who had
persistent extravasation at 21 days postoperatively (p
< 0.05). Pendulous urethral reconstruction seems to
be uniquely well-suited for sealant use because the
superficial nature of the urethrain this location does
not provide the robust surrounding spongy tissuesthat
are routinely found in the bulbar urethra (Figure-3).

Complication Management

Fibrin sealant appearsto promotethe success-
ful transvaginal management of iatrogenic cystotomy
sustained during transvaginal hysterectomy. We ob-
served that direct transvaginal fibrin sealant injec-
tion functionswell as abolster interposition over the
cystotomy repair, thus preventing the additional time
and morbidity required for abdominal bladder repair
or tissue interposition with aMartius or omental flap
(24). Fibrin sealant has also been utilized to prevent
lymphocele formation after lymphadenectomy (38).
Used as a sclerosant after percutaneous drainage of
postoperative lymphoceles in rena transplantation,
instillation of fibrin sealant achieved complete reso-
lution of the lymphocele in 75% of patients without
the need for open surgical management (39). Percu-
taneous transrenal application of 5 cc of fibrin seal-
ant across arefractory calyceal urinary leak second-
ary to gunshot wound has proven effectivein sealing
refractory collecting system injury (8).

suture line of pendul ous urethroplasty. Redundant tunica dartos
pedicleis glued in place over sutureline.
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Tissue Adhesion

Tissue Planes

Thefibrin polymer resulting from fibrin seal -
ant application facilitates wound healing by increas-
ing tissue plane adherence, thus eliminating dead
space, accel erating revascularization, reducing hem-
orrhage, preventing seroma, and minimizing inflam-
mation (40).

Tissue sealant properties of fibrin sealant
have been applied to reduce air leaks and
bronchopleural fistulae after pulmonary resection and
decortication, secure skin graftsin reconstructive and
burn surgery, and occlude chronic enterocutaneous
and anorectal fistulous tracts.

Fibrin sealant is now routinely used at our
ingtitution during complex urethroplasty, especially
cases requiring panurethral reconstruction (Figure-
4). The scrotum is completely bivalved to provide
wide access to the underlying diseased urethra, and
the scrotal wings are glued together with sealant af-
ter urethral repair to prevent edema and hematoma.
Similar efficacy has been reported in 17 patients un-
dergoing complex genital reconstructive surgery such
as spit-thickness skin grafting and thigh flap surgery
for Fournier’s gangrene sequel ae and invasive penile
cancer: 94% of patients recovered without infection,
seroma, hematoma, or other complications (Figure-
5) (41,42).

Urinary Tract Fistulae

In addition to sealing tissue planes, fibrin seal-
ant promotes closure of urinary fistulae by promot-
ing the local proliferation of fibroblasts and subse-
guent replacement by connectivetissue, allowing for
occlusion of the fistulous tract (6). The fibrin poly-
mer promotes the ingrowth of fibroblasts during
wound healing and aninflux of immunecellsisstimu-
lated in a paracrine fashion (43). The complex inter-
action of neutrophils, macrophages, and fibroblasts
provides the basis of wound contraction and remod-
eling necessary for healthy wound healing. The re-
cent application of the Vacuum Assisted Closure®
(VAC®, Kinetic Concepts, Inc., San Antonio, Texas)
devicein closing larger complex woundsis believed
to function through similar cellular mechanisms (44).
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Figure 4 — Panurethral reconstruction. A) Preoperative retro-
grade urethrogram shows extensive urethral stricture. B) Penile
base, scrotum, and perineum are completely bivalved, thus al-
lowing excellent exposure for urethral reconstruction. Buccal
grafts were required in this case to reconstruct a 17 cm defect.
Fibrin sealant is applied as a bolster to the suture linesand asa
tissue adhesive to glue the scrotal wings back together with good
hemostasis. C) Application of fibrin sealant to glue scrotal wings
together after urethral reconstruction. D) Postoperative result
after scrotum is glued and sutured back together shows no ec-
chymosis, edema, or drain requirement.
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Figure5 — Successful Fournier’s gangrene reconstruction as-
sisted by fibrin sealant. A) Genital wound after initial debride-
ment for extensive perirectal necrotizing infection with extensive
scrotal involvement. B) Lateral view of same patient after sec-
ond debridement showing application of aerosolized fibrin seal-
ant sprayed under local tissue flaps to enhance adherence, he-
mostasis, and promote wound healing. C) Final appearance im-
mediately after secondary debridement shows surrounding skin
flaps mobilized to shrink the tissue defect, glued into place with
fibrin sealant. Catheter isin presacral cavity in area where ne-
crotic rectum had previously been. D) Final appearance after
wound vac assisted closure 2 months postoperatively. No grafts
or additional skin flaps were used to provide skin coverage. Tes-
tes are still buried in thigh pouches.

Moritaand Tokue reported the successful clo-
sure of aradiation-induced vesicovaginal fistulawith
the endoscopic injection of fibrin sealant in combi-
nation with bovine collagen (45). Three serial injec-
tions of fibrin sealant allowed for compl ete continence
in the case of an ureterocutaneous fistula following
cadaveric kidney transplantation (46). We reported



Fibrin Sealant in Urology

the successful definitive treatment of 6 cases of
vesicocutaneous and urethrocutaneous fistulae by
sealing thetract with the direct injection of 5 cc com-
mercial fibrin sealant in conjunction with open or en-
doscopic fulguration (24) (Figure-6). We have not
found sealant to be effective in vesicovaginal fistula,
however, and thisis probably because these fistulas
are too short and broad compared with the long, thin
fistulastypically found extending from the lower uri-
nary tract in males.

SAFETY CONSIDERATIONS

Fibrin sealant should not be placed into large
blood vesselsdueto therisk for potential thromboem-
bolism. Repeat use of bovine thrombin preparations,
which also contain bovine factor V, can induce the
formation of antibodies that cross-react with human
factor V and lead to a coagulopathic state (47).
Pavlovich reported the postoperative devel opment of
coagul opathy dueto repeat exposureto bovinethrom-
bin during partia nephrectomy (48). The use of bo-
vine-derived proteins carries a risk of allergic reac-
tion upon re-exposure to the material, although bo-
vine aprotinin (found in fibrin sealant) is much less
immunogenic than thrombin (49).The reported inci-
dence of hypersensitivity to intravenous aprotinin
approaches 10%; thus, fibrin sealant containing bo-
vine protein products should be used with caution in
patients previously exposed to aprotinin (50).

CONCLUSIONS

Hemostatic agents and tissue seal ants should
not be viewed asareplacement for conventiona sound
surgical judgment or technique, but rather as comple-
mentary adjuncts to improve surgical outcome. Fi-
brin sealant offers an effective adjunct for hemosta-
sis, reinforcement of urinary tract closure, and adhe-
sion of tissue planes. Numerous reports in virtually
all surgica disciplines have confirmed the reliable
enhancement of wound healing promoted by fibrin
sealant. Future development of novel biotherapeutic
material swill continueto provide urologistswith safe,

139

Figure 6 — A) Cystoscopic injection via dual lumen catheter
with“ Y’ adapter isone of several available devicesfor applica-
tion of fibrin sealant. B) In this case, sealant was delivered
cystoscopically to close a urethrocutaneous fistula after endo-
scopic fulguration.
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reliable agents for managing challenging urogenital
injuries and complications.
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