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INTRODUCTION

To promote the appropriate use of new or emerging
technologies, the American Society for Gastrointes-
tinal Endoscopy Technology Committee has devel-
oped a series of status evaluation papers. This
process presents relevant information about these
technologies to practicing physicians for the educa-
tion and the care of their patients. In many cases,
data from randomized controlled trials are lacking
and only preliminary clinical studies are avail-
able. Practitioners should continue to monitor the
medical publications for subsequent data about
the efficacy, safety, societal, and economic aspects of
the technologies.

BACKGROUND

A variety of adhesive substances can be applied
locally during surgery or endoscopy for hemostasis,
wound closure, or fistula repair. The main classes of
tissue adhesives are cyanoacrylate glues, fibrin
glue, and thrombin. Cyanoacrylate glues are widely
used in GI endoscopy outside of the United States
for control of bleeding from gastric varices and, to
a much lesser degree, for hemostasis of bleeding
peptic ulceration and for closure of fistulas and
anastomotic leaks. Fibrin glue (fibrinogen and
thrombin) and thrombin have been used extensively
in all surgical disciplines for tissue adhesion; suture
support; hemostasis; wound care; and the sealing of
body cavities, including the subarachnoid space;
and endoscopically for the treatment of bleeding.
Another class of agents, polysaccharide gels, are
undergoing clinical trials for trauma-related, oper-
ative, and endoscopic hemostasis. This status
evaluation report will review the described uses of
cyanoacrylate glues, fibrin glue, and thrombin in GI
endoscopy.
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TECHNICAL CONSIDERATIONS
Cyanoacrylates

Cyanoacrylates are a class of synthetic glues that
rapidly solidify upon contact with weak bases, such
as water or blood.! A variety of cyanoacrylates are
used for superficial wound -closure.? N-butyl-2-
cyanoacrylate (Histoacryl; B Braun, Melsungen, Ger-
many) is the most commonly used cyanoacrylate glue
for GI applications. Another N-butyl-2-cyanoacrylate
(Glubran; GEM S.r.l.,, Viareggio, Italy) recently
has been approved for endoscopic use in Europe.
Neither Histoacryl nor Glubran are commercially
available in the United States. The only U.S. Food
and Drug Administration’s approved agent is 2-
octyl-cyanoacrylate (Dermabond; Ethicon, Inc.,
Somerville, N.J.), which has labeling indications for
wound closure but not for endoscopic applications.
This agent has a longer ester attached to the main
compound and, hence, polymerizes more slowly.

When injected intravascularly, N-butyl-2-cyano-
acrylate promptly solidifies, producing a cast of the
vessel. Subtotal occlusion is immediate, and total
occlusion occurs within hours.®>* Mild eosinophilic
inflammation is present at 24 hours, and limited
tissue reaction is present by day 7. In variceal
applications, the cast of glue extrudes into the lumen
after a week or two, generally without resultant
bleeding. The variceal lumen remains patent, and
variceal scarring or sclerosis is not evident.

One study compared the tissue effects of 2-octyl-
cyanoacrylate (Dermabond) to that of N-butyl-2-
cyanoacrylate (Histoacryl) in the auricular vein of
rabbits.* Both were used in a 1:1 mixture with
lipiodol. Polymerization of the octyl-cyanoacrylate
was somewhat slower, and occlusion of the vein
required larger volumes (0.5 vs. 0.2 mL) than with
the butyl-cyanoacrylate. Histologic effects at 4 hours,
24 hours, and 7 days were essentially the same. This
study concluded that higher volumes of Dermabond
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Figure 1. Schema of fibrinogen and thrombin interaction to
yield a mature “fibrin glue” clot. (Adapted from Dunn, Drugs
1999).

would be required to produce an equivalent intra-
variceal effect to that of Histoacryl and that further
studies are needed to determine the ideal dilutions
and the dose response for Dermabond injection.

Mixing cyanoacrylate glues with the lipid soluble
contrast agent lipiodol enhances radiopacity and
retards the rate of solidification, thereby facilitating
endoscopic administration via needle injection, while
reducing the risk of inadvertent adherence to cath-
eters and endoscopes. Various mixtures of Histoacryl
and lipiodol have been advised, ranging from 1:1 to
1:1.6.! Over-dilution may increase the risk of embo-
lization before the glue can solidify at the time of
injection. Glubran polymerizes a little more slowly
and, thus, does not require the use of lipiodol for
injection. Varied dilutions of Dermabond and lipiodol
have not been studied.

Fibrin glue and thrombin

Thrombin promotes the conversion of fibrinogen to
fibrin, producing a local fibrin clot. Thrombin injected
alone for hemostasis relies on the local presence and
functionality of the patient’s own fibrinogen and
other products in the coagulation cascade to promote
clotting. Formulations of fibrin glue contain two
separate constituent component solutions, a sub-
strate containing highly purified freeze-dried human
fibrinogen and factor XIII and a starter solution
containing human thrombin, which are admixed
during administration. The thrombin component
typically contains calcium and an antifibrinolytic
agent (e.g., aprotinen) to prevent rapid fibrinolysis.
The component solutions are reconstituted in two
separate syringes with sterile water immediately

328 GASTROINTESTINAL ENDOSCOPY

before use. When mixed, these agents form a cell-free
clot by mimicking the terminal phase of the physio-
logic clotting cascades, in which thrombin cleaves
fibrinogen, yielding soluble fibrin monomers, which
assemble first into loosely aggregated fibrils by
hydrogen bonding and then into a stronger cross-
linked fibrin polymer by covalent bonding. Thrombin
also activates factor XIII, which, in the presence of
calcium, facilitates the covalent bonding of the fibrin
polymer (Fig. 1).> The speed of formation and the
character of the clot vary among proprietary and
locally produced fibrin glues, depending upon the
relative concentrations of the components. Commer-
cial preparations tend to be more highly purified and,
hence, more predictable, stronger, and more durable
than local blood-bank preparations. Fibrin glue is
fully resorbed by macrophages and fibroblasts within
2 weeks of application.®

Fibrin glue is available from two commercial
sources in the United States. Tisseel (Baxter, West-
lake Village, Calif.) and Hemaseel (Hemacure,
Sarasota, Fla.) are approved for topical application
and sealing of anastomoses in cardiovascular and
colorectal surgery. Nevertheless, fibrin glue is used
in many other surgical specialties. While fibrin glues
have been used in Europe for endoscopic hemostasis
in bleeding ulcers and varices, in the United States,
product labeling does not endorse intravascular
injection.

Bovine thrombin, from varied commercial sources,
has been used to enhance local clot formation via its
effect on innate fibrinogen. It is approved for
application in dry form or as a spray after re-
constitution in sterile water or saline solution. While
bovine thrombin has been used with some success,
safety concerns relating to antibody development to
factor V, anaphylaxis, and bovine spongiform en-
cephalopathy, and the putative risk of Creutzfeldt-
Jakob disease have tempered enthusiasm for this
compound. Human-derived thrombin is available
commercially and from local blood bank sources.

EFFICACY AND COMPARISON TO AVAILABLE
TECHNOLOGIES
Cyanoacrylates for bleeding

There are several randomized controlled trials
comparing use of cyanoacrylates (Histoacryl) to other
therapies for treatment of esophageal varices.””
Taken together, they demonstrate equivalency for
arrest of acute bleeding and equivalency or superi-
ority for prevention of recurrent bleeding with use of
cyanoacrylate, with or without concurrent sclero-
therapy, vs. treatment with traditional sclerosants
alone.
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The only randomized controlled trial of cyano-
acrylate injection for gastric varices reported higher
rates of initial hemostasis, a lower recurrent bleed-
ing rate, lower treatment-induced ulcer bleeding,
lower blood transfusion requirements, and lower
mortality with butyl-cyanoacrylate than with serial
banding.'® There are no randomized prospective
trials comparing cyanoacrylate injection with com-
monly used sclerosing agents for gastric varices. A
prospective non-randomized trial’! and numerous
large case series report that Histoacryl injection
controls acute gastric variceal bleeding in over 90% of
patients and that serial treatment yields reduced
recurrent bleeding and achieved obliteration in 70%
to0 90% of patients.'*1® Based on these data, injection
of cyanoacrylate has been widely adopted for treat-
ment of bleeding gastric varices outside of the United
States.

One study compared secondary prophylaxis via
complete obliteration by using endoscopic injection of
Histoacryl with long-term propranolol administra-
tion to prevent recurrent bleeding in patients with
esophagogastric varices.?° Early and late recurrent
bleeding and early and overall deaths were equiva-
lent; however, Histoacryl use was associated with
a higher incidence of complications.

In the only randomized controlled trial of cyano-
acrylate glue injection for hemostasis in gastroduo-
denal ulcer bleeding, Histoacryl and hypertonic
saline solution injection®' yielded equivalent rates
of hemostasis, with the exception of a decreased
recurrent bleeding rate in the subset of patients with
active arterial bleeding treated with cyanoacrylate.
However, two patients treated with Histoacryl de-
veloped systemic embolization, one of whom died.

Fibrin glue/thrombin for bleeding

Thrombin injection has been reported to be
significantly better than no endoscopic therapy for
bleeding gastroduodenal ulcers.?? Several random-
ized controlled trials have compared injection of
fibrin glue/thrombin, with other hemostatic modali-
ties or injectable agents for treatment of bleeding
gastroduodenal ulcers. However, these trials have
considerable variability in treatment parameters
and measured outcomes, and none evaluated the
addition of fibrin glue to currently standard multi-
modality treatment when using epinephrine injec-
tion plus contact thermal probes, making blanket
comparison difficult. Taken on the whole, these
studies reported equivalent or greater efficacy with
use of fibrin glue or thrombin injection compared
with the study alternatives.?*3! Notable among
these trials, fibrin glue was evaluated in the largest
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trial ever conducted in the endoscopic treatment of
upper-GI bleeding: 850 patients with active bleeding
or a non-bleeding visible vessel at endoscopy were
randomly assigned in an open-label, multicenter trial
to single injection therapy with polidocanol, single
application of fibrin glue, or daily fibrin glue until the
visible vessel disappeared and the ulcer floor was
clear or covered with hematin.?* All patients received
pretreatment with epinephrine. The patients who
received multiple applications of fibrin sealant had
significantly less recurrent bleeding than the polido-
canol group (15% vs. 23%) and had fewer acute
treatment failures (8% vs. 13%). The single fibrin
glue treatment was not significantly better than the
single polidocanol therapy. Secondary outcomes such
as transfusions, surgeries, and deaths were not
significantly different among the treatment groups.
A potential but unproven benefit of thrombin and
fibrin glue may be a decrease in the marked tissue
injury caused by thermal devices and sclerosants.??
They also may promote collagen deposition and
healing of ulcers.

Fibrin glue has been injected for arrest of variceal
bleeding®®3* with marginal results. Thrombin also
has been evaluated for use in endoscopic hemostasis
of variceal bleeding. In a randomized trial in patients
with acute esophageal variceal bleeding, sclerother-
apy with ethanolamine plus human thrombin vs.
sclerotherapy with ethanolamine alone yielded
equivalent outcomes for all clinically important end
points, including bleeding, coagulopathy, and mor-
tality.® Two papers report retrospective experience
with thrombin for bleeding gastric varices; acute
hemostasis was achieved in 49 of 52 (94%) and in 9
of 12 (75%) of patients.?®*” Recurrent bleeding occur-
red in 18% of 52 patients and 25% of 12 patients, with
8% overall bleeding related mortality in both groups.

There is a case report describing the effective use
of fibrin glue in the endoscopic management of post-
sphincterotomy bleeding in two cases.>®

Miscellaneous clotting preparations for bleeding

Diffuse bleeding from intraluminal cancers often
responds poorly to endoscopic therapy.?® Soweid
et al.** reported formation of an adherent coagulum
and successful hemostasis in a patient with diffuse
bleeding from a vascular cancer involving the rectum
by topical application of 200 mL fresh frozen plasma
plus 200 mL of saline solution containing 8000 U of
bovine thrombin plus 8 mL of 10% calcium chloride.
Another report described successful treatment of two
patients with bleeding metastatic lesions in the
upper GI tract by using a proprietary collagen-fibrin
sealant (CoStasis Surgical Hemostat; Cohesion Inc.,
Palo Alto, Calif.).*! In this system, a buffered calcium
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chloride solution that contains bovine collagen and
thrombin is combined during application with a bed-
side preparation of autologous platelet-rich plasma.

Cyanoacrylates for fistulas

Several published case series have described the
use of cyanoacrylate glues for closure of intractable
enterocutaneous fistulas*?** however, this ap-
proach has not been critically evaluated nor widely

adopted.

Fibrin glue for fistulas

Only a single randomized trial has evaluated the
use of fibrin glue for closure of enterocutaneous fis-
tulas.*® Among 13 patients with persistent low-
output fistulas after 2 to 4 weeks of conservative
therapy with parenteral nutrition, 6 treated with
instillation of 15 mL of fibrin glue closed within 4
days (mean 2 days), while 7 treated with continued
conservative therapy closed only after 13 days (p <
0.01). Numerous case series report achieving prompt
closure with use of fibrin glue for enterocutaneous,**"
50 anorectal,’*2 and tracheo-esophageal®® fistulas;
esophageal perforations®®; and leaking esophago-
enteral anastomoses.”® Patients with Crohn’s dis-
ease generally respond less well. Several reports
describe apparently advantageous use of trans-
cutaneous fistuloscopy by using small-caliber instru-
ments for delivery of the fibrin clot after clarification
of complex anatomy and removal of exacerbating
lesions, such as retained sutures.?*8

SAFETY

Complications associated with injection of cyano-
acrylate glue for treatment of bleeding lesions
include embolic events and equipment damage. Life-
threatening complications have included episodes of
abdominal, pulmonary, and intracerebral emboliza-
tion and infarction.?%® In one study, cyanoacrylate
injection of gastric varices yielded a 30% bacteremia
rate, compared with a 6% rate among cirrhotics
undergoing endoscopy for non-variceal bleeding.®°
The infectious agents correlated closely with those
cultured from the accessory channels of the endo-
scopes. Instrument damage has included adhesion of
the endoscope, adhesion of the needle with the varix,
and obstruction of the injection catheter.!

Injection therapy with fibrin glue/thrombin is
generally well tolerated. Previously reported compli-
cations related to its administration, including
anaphylaxis, have been attributed primarily to the
former use of bovine thrombin and aprotinen.”®
Antibodies against fibrinogen, factor V, and throm-
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bin, in particular, and have led to serious coagu-
lopathies and bleeding.”* The conversion to human
thrombin in fibrin glue preparations has significantly
reduced but not fully abolished these reactions.”® A
complication, common to all blood components, is the
potential transmission of an infectious disease, even
from screened and tested blood. There has been one
reported case of HIV transmission from fibrin
sealant.”® In addition to the patient, health care
workers in the operating room may theoretically be
exposed to an infectious disease risk when sealant is
applied in an aerosolized form. Inadvertent intra-
arterial injection of fibrin glue or thrombin may risk
systemic embolization.”

Air embolization and death have occurred during
fistuloscopy with injection of both cyanoacrylate and
fibrin glues. This has been attributed to over-
insufflation within the fistula track, caused by either
fistuloscopy technique or use of a pressurized pneu-
matic spray system within the endoscope.’® When
treating aerodigestive fistulas from the GI end, there
is a risk for tracheobronchial accumulation and
airway plugging from overflow of excessive volumes
of glue.

EASE OF USE

For cyanoacrylates, preparation and convenient
arrangement of equipment and glue components
before therapy is important for safe and efficient use.
Extra personnel should be available to assist with
the patient, the endoscope, the glue preparation, and
the glue injection. Extra needle catheters should be
available for the potential occurrence of needle
occlusion by glue. Lipiodol is used to prime the
interior of the injection needle catheter, the interior
of the endoscope channel, and the tip of the endo-
scope. Lubricant gels or silicone also can be used to
protect the endoscope and the accessory channel
from accidental adhesion. Staff and patients should
use protective eyewear or have their eyes draped
during preparation and injection. The cyanoacry-
lates should be stored refrigerated at 2°C to 4°C.

When used for injection therapy of GI bleeding, the
high viscosity of lipiodol requires the use of 2-mL
syringes for injection. Individual injections are
limited to volumes of 0.5 to 1.0 mL to minimize the
risk of embolization. Steps for access, injection, and
withdrawal from the lesion should be highly stan-
dardized. They include the following: care to avoid
gravity dependent contamination of the endoscope,
efficient tissue or variceal puncture, infusion of 1 cc of
saline solution to ensure intravenous location (for
variceal applications), injection of 0.5 to 1 cc of glue-
lipiodol mixture, prompt subsequent injection of
a volume of lipiodol or sterile water equivalent to
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Table 1. CPT codes and RVU values for
common endoscopic procedures with and
without addition of injection therapy

Medicare APC

Procedure CPT RVU professional facility
Esophagoscopy: diagnostic 43200 9.67  $110.85  $471.22
Esophagoscopy: injection 43201 6.65  $138.17  $471.22
EGD: diagnostic 43235 837  $142.81  $471.22
EGD: injection 43236 17.76 $172.16 $471.22
Colonoscopy: diagnostic 45378 11.93  $217.52  $499.85
Colon: injection 45381 10.56 $242.45 $499.85

CPT, Current procedural terminology; RVU, relative value
units; APC, ambulatory procedure codes.

the dead space of the injection catheter, withdrawal
of the needle catheter from the tissue, and continued
flushing of water between variceal injections.’

Fibrin clot preparations may be dripped, injected,
sprayed, or applied soaked in pledgets or sheets of
absorbable gelatin sponge (Gelfoam; Pharmacia
Corp., Peapack, N.J.). Because of the rapidity of clot
formation, injection of the two major components
usually is performed either sequentially or via
a double-plunger syringe, which provides mixing
while the agents are injected. Double-lumen injection
needle catheters, which facilitate mixing just at the
time of tissue entry, also are available for endoscopic
applications. Premature clotting can occlude injec-
tion catheters, particularly single-channel varieties.
There is no risk to the endoscope from contact with
the fibrin clot.

FINANCIAL CONSIDERATIONS

Pharmacy costs for the commercially available
fibrin glue available in the United states (Tisseel
VH) vary by institution but are in the range of
$82.00 per mL. Tisseel VH is packaged in 1-mL
($82), 2-mL ($164), and 5-mL ($410) kits, along with
a dual-plunger syringe. Use of autologous or non-
commercial monosource fibrin glue incurs significant
blood banking costs for local manufacture and pre-
paration. Thrombin comes in several forms. A vial of
powder costs $163.00, a 5000-unit vial costs $55.00,
and a 20,000-unit kit for application costs $175.00.
Dermabond cyanoacrylate costs $238.80 per box of 12
ampules, altogether yielding approximately 5 mL of
solution. Lipiodol is available from several vendors.
Typical cost is $135.76 for a box of two 10-mL vials.
Endoscopic applications of biologic or synthetic
glues also may require use of a dual-plunger syringe
and single- or dual-channel injection needles ($25-
$50).

VOLUME 60, NO. 3, 2004

Injection of fibrin glue, or any other substance,
is billed by using current procedural terminology
(CPT) codes linked to the underlying procedure
(Table 1); however, multiple therapies for a single
lesion or problem cannot be billed concurrently.
Hence, billing for injection plus thermal coagulation
or clipping would only be reimbursed for the single
highest charge modality.

SUMMARY

Synthetic and biologic tissue glues have been used
for control of bleeding and closure of fistulas and
anastomotic leaks. GI endoscopic applications of
cyanoacrylate and fibrin glues are considered “off-
label” uses. Embolization and death have been
reported with cyanoacrylate injection for hemostasis.
Embolization also can occur from intravascular
injection of thrombin or fibrin glue. Fibrin glue/
thrombin can induce antibody formation with sub-
sequent coagulopathy; however, this is a rare event
with use of human-source blood products. There are
insufficient data to support routine endoscopic use of
the available preparations of cyanoacrylate, fibrin
glue, and thrombin in clinical practice.
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