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A plastic tissue adhesive, trifluoroisopropyl 2-cyanoacrylate (Flucrylate TM, MBR4197), 
was tested for hemostatic efficacy in acute laparotomy experiments using a canine model 
of  acute bleeding gastric ulcer. An improved delivery system suitable for endoscopic use 
was developed. Hemostatic efficacy o f  the adhesive was tested in both briskly bleeding 
ulcers and in oozing ulcers after partial treatment with a heater probe. In pilot studies at 
laparotomy, primary and adjunctive cyanoacrylate therapy of  81 bleeding ulcers were 
evaluated in seven unheparinized foxhounds. Hemostasis was produced in 11% of  ulcers 
treated with cyanoacrylate alone and in 31% of  ulcers treated with cyanoacrylate as an 
adjunctive after partial heater-probe treatment; no sham-treated control ulcers stopped 
bleeding under the conditions of  the experiment. To evaluate Flucrylate TM using our stan- 
dard heparinized ulcer model, a randomized study was performed in six heparinized fox- 
hounds at laparotomy. Ulcers were randomized to treatment with cyanoacrylate alone, 
adjunctive cyanoacrylate, heater probe alone or untreated control. Sham-treated control 
ulcers or ulcers treated with cyanoacrylate alone did not stop bleeding; 42% of  ulcers 
treated with cyanoacrylate as an adjunctive stopped bleeding; all ulcers treated with a 
heater probe stopped bleeding. In this experimental model o f  acute bleeding gastric ulcer, 
trifluoroisopropyl 2-cyanoacrylate (Flucrylate r~t, MBR4197) did not stop severe bleeding 
and was unpredictable as an adjunctive treatment. 

The ideal endoscopic treatment for acute bleeding 
upper gastrointestinal lesions would be: (1) conve- 
nient and easy to use; (2) 100% effective in stopping 
bleeding; and (3) nontoxic and minimally injurious 
to the underlying tissue. Electrocoagulative tech- 
niques (1, 2), lasers (3-6), heater probes (7), hemo- 
static clips (8), and injection techniques (9) have all 
been considered for treatment of upper-gastrointes- 
tinal hemorrhage. Although some are better than 
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others, none of these techniques fulfills all three re- 
quirements for the ideal agent. 

Cyanoacrylate tissue glues adhere strongly to tis- 
sue and to virtually all other substances except Tef- 
lon or polyethylene. They can be applied from a dis- 
tance as an aerosol spray. Although cyanoacrylates 
are relatively nontoxic, the shorter-chain analogs 
cause local tissue necrosis (10-12), and some ana- 
logs occasionally cause fibrosarcomas and other tu- 
mors when embedded in rodent tissue (11, 13, 14). 
Application of cyanoacrylates to the surface of bleed- 
ing gastrointestinal lesions is technically possible 
and may prove to be permissable clinically if they 
can be shown to safely stop brisk bleeding. Layers 
of cyanoacrylate sprayed on bleeding lesions may 
fall off in time, but toxicity of degradation products 
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Fig 1. Schematic drawing of glue delivery system used in these 
studies. 

absorbed  f rom the gastrointes t inal  t ract  seems mini- 
mal (16). Tr i f luoroisopropyl  2 -cyanoac ry la t e  (Flu- 
cryla te  TM, MBR4197) aerosol izes  easily and poly-  
merizes  un i formly  in less than 10 sec;  it has shown  
minimal animal  toxici ty  (15). In  this s tudy,  we uti- 
lized a p rev ious ly  descr ibed  canine model  o f  acute  
bleeding gastr ic  ulcer  (16) to test  the efficacy o f  this 
c y a n o a c r y l a t e  t issue adhes ive  in s topping severe  
bleeding.  

MATERIALS AND METHODS 

Instrument Design. Trifluoroisopropyl 2-cyanoacrylate 
(Flucrylate TM, MBR4197) was supplied by the 3M Corpo- 
ration (3M Center, Minneapolis, Minnesota) in 10-ml 
aerosol push-button bottles as a 5% solution with 95% 
freon Propellant. 

The delivery system which we devised for these studies 
consists of a 2.4-mm OD flexible polyethylene catheter 
containing an inner tube of 1.2 mm OD within its lumen 
(Figure 1). Pressing the button on the pressurized bottle 
allows the cyanoacrylate with freon to flow through the 
inner catheter. Dry CO2 gas flows through the space be- 
tween the inner and outer tubing. The CO2 flow rate is 
adjustable and is activated by an electronic foot-pedal 
switch. The glue with its freon propellant mixes at the 
distal end of the catheter with the CO2. The Venturi effect 
caused by the rapid flow of CO2 around the tip of the inner 
catheter hastens glue exit and atomizes the glue so that it 
is delivered in a fine spray. COz alone is used to blow off 
obscuring blood from an ulcer prior to application of glue. 

Preliminary Studies. The optimal method of applying 
Flucrylate TM evolved from preliminary laparotomy ex- 
periments on dogs under general anesthesia. The fundal 
gland mucosa was exposed via gastrotomy. To assess ad- 
hesiveness Flucrylate TM was applied to normal, abraded, 
or thermally coagulated mucosa. The glue was also ap- 
plied to standardized experimental ulcers made with a 
modified suction biopsy instrument--the "ulcer  mak- 
er" (16). The glue was used both as primary therapy 

for briskly bleeding ulcers and as secondary adjunctive 
treatment after bleeding had been slowed to an ooze with 
a heater probe. We included the treatment category of 
cyanoacrylate glue after partial heater-probe therapy to 
test whether the glue could stop residual ooze after partial 
treatment with a modality known to be effective (7). 
Bleeding experimental ulcers were treated in heparinized 
and unheparinized animals to evaluate the effect of hepa- 
rin on glue hemostasis. The CO2 flow rate and the dis- 
tance of the glue delivery catheter from the mucosa were 
varied to determine the most effective method of applying 
the glue, 

Final Study. The ability of Flucrylate TM to stop bleeding 
from acute experimental gastric ulcers (16) was evaluated 
at laparotomy in heparinized foxhounds. Intravenous 
pentobarbital anesthesia and endotracheal intubation 
were used. After surgical hemostasis the dogs were given 
intravenous heparin, 200 units/kg initially and 100 units/ 
kg one hour later. Core temperature, vital signs, and fluid 
status were monitored in a controlled-environment oper- 
ating chamber. In each experiment a long anterior gas- 
trotomy exposed the fundal gland mucosa. 

Standard-sized acute gastric ulcers were made in fundal 
gland mucosa with the ulcer maker. After its creation, 
each ulcer's initial bleeding rate was quantified by collect- 
ing the blood lost in a preweighed glass beaker for the first 
3 rain. Ulcers were then categorized by their initial bleed- 
ing rate as mild (<1 cc/min), moderate (1-2 cc/min) or 
severe (>2 cc/min). Within each bleeding category, treat- 
ment  was r andomized  to one of  four  groups:  cy- 
anoacrylate glue alone, heater probe alone, adjunctive cy- 
anoacrylate treatment after partial heater-probe treat- 
ment ,  or  sham-t rea ted  cont ro l .  Exper iments  were 
terminated when splanchnic vasoconstriction w a s  ob- 
served. This endpoint was determined clinically by gas- 
tric muCosal cyanosis or by diminished bleeding volume 
(two mildly bleeding ulcers in succession) after more than 
one hour's surgery. 

in Ulcers randomized to glue alone, a jet of CO2 
(flow = 100 cc/sec; pressure = 60 psi) was used to re- 
move obscuring blood and to dry the ulcer. Flucrylate TM 

with freon was then sprayed on the ulcer in a 1-sec burst 
using a jet of COz. If bleeding continued, the ulcers were 
treated immediately with an additional 1-sec application 
of glue. Ulcers randomized to heater probe alone were 
treated with multiple 1-sec applications of the 3.2-mm-di- 
ameter heater probe at 150~ until bleeding stopped 
(maximum number of applications = 25). Ulcer bleeding 
that persisted after the above two treatments was quan- 
tified for minutes 6-9 after the ulcer's creation. 

Ulcers randomized to adjunctive treatment with Flu- 
cryiate TM were first partially treated with the heater probe 
until the blood flow from the ulcer had slowed to an ooze. 
Blood flow was then quantified for 1 rain, following which 
cyanoacrylate therapy was applied as described above. A 
final 3-min blood collection was made from those lesions 
continuing to bleed after the second treatment interval. 

Control ulcers were sham treated with ten 1-sec appli- 
cations of the cold heater probe ( -23 ~ C) for the first 
treatment period. Bleeding was then quantified for 1 rain. 
For the second treatment period two 1-sec bursts of CO2 
gas (flow -~ 100 cc/sec; force = 60 psi) plus freon propel- 
lant without Flucrylate TM were applied. Bleeding was 
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Fig 2. Summary of experimental design. 

quantified for a final 3 min after the second treatment peri- 
od. 

Following the total observation period of nine minutes, 
any ulcers still bleeding were stopped with the heater 
probe in order to minimize total blood loss. The experi- 
mental design is summarized in Figure 2. 

While using Flucrylate TM the investigators and their as- 
sistants wore goggles and industrial-grade face masks 
supplied by the 3M Company. Working without these 
protective devices resulted in subjective ocular and/or 
respiratory irritation. 

At the conclusion of each experiment, the animal was 
sacrificed and the stomach removed. The stomach was 
pinned out on a paraffin slab and fixed in Hollande's solu- 
tion for 24-48 hr. The ulcers were then removed, embed- 
ded in a paraffin-piccolyte mixture, sectioned at 4-6 txm, 
and stained with hematoxylin-eosin-Aleian blue for his- 
tological examination. 

RESULTS 

Preliminary Studies 
Flucrylate T M  did not adhere to normal mucosa, 

but it did adhere to muc0sa injured by abrasion or 
the heater probe. When sprayed on acutely bleeding 
ulcers, the glue stuck to the base of the ulcer better 
than to its rim. 

The glue delivery system was evaluated in acute- 
ly bleeding ulcers in both heparinized and unhepari- 
nized dogs. The duration of glue application was 
varied from I to 13 sec and the pressure of CO2 from 
25 to 80 psi. A CO2jet of 60 psi (~100 cc/sec) with 1- 
sec bursts of Flucrylate T M  was chosen because it 
produced a consistently uniform glue layer without 
causing separation of the gastric wall. At a CO2 
pregsure of 80 psi, Flucrylate T M  was sprayed in a 
thin uniform layer, but the force of the CO2 gas dis- 
sected the gastric mucosa from the submucosa, de- 
positing the glue in the deep layers of the gastric 
wall. Longer Flucrylate T M  applications resulted in 
thick layers  that  cracked after polymer iza t ion .  
Shorter applications did not deposit an adequate 
amount of glue for adherence. Low-pressure CO2 
(<60 psi) produced a nonuniform layer of glue. 

Flucrylate T M  was sprayed varying distances from 
acute ulcers. A 2- to 3-cm circle of glue could be 
reproducibly applied when the catheter tip was held 
1-2 cm from the surface of the mucosal defect. 

Pilot studies of the hemostatic effect of Flucryl- 
ate T M  on bleeding experimental gastric ulcers in four 
heparinized mongrel dogs showed continued oozing 
of blood from beneath the layer of glue. To assess 
the effect of heparinization on Flucrylate T M  hemo- 
stasis, 81 ulcers were made at laparotomy in seven 
unheparinized foxhounds (20-27 kg). After an initial 
1-min bleeding quantification, treatment was ran- 
domized to FlucrylatC TM alone, adjunctive Flucryl- 
ate T M  therapy after partial heater-probe coagu- 
lation, or unt rea ted  control .  Five of 44 ulcers 
treated with glue alone stopped bleeding for the ob- 
servation period of up to 5 min; 5 of 16 adjunctively 
treated ulcers stopped bleeding; 0 of 21 untreated 
controls stopped bleeding. The difference in ulcer 
hemostasis between either treatment group and un- 
treated control was not statistically significant 
(P > 0.05, Fisher's exact test). Selected lesions 
were studied histologically as described above. 

Fina ! Study 
Forty-eight ulcers were made in six heparinized 

foxhounds (23.6-26.5 kg). Initial bleeding rate was 
mild in 23, moderate in 19, and severe in six. 

The 7 sham-treated control ulcers continued to 
bleed with a spontaneous decrease in bleeding rate 
of 66 _ 17% (mean _+ SD) from the first 3 rain to the 
final 3 min. All 17 ulcers randomized to treatment 
with the heater probe stopped bleeding completely 
after a mean of 12 (range 6-21) 1-sec applications at 
150 ~ C. 

None of the 12 ulcers treated with cyanoacrylate 
glue alone completely stopped bleeding despite a re- 
duction in bleeding rate of 82 _ 20% (mean - so) 
(Table 1). After glue application blood collections 
were often incomplete because there was oozing 
from multiple sites along the perimeter of the glue 
circle. 
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TABLE 1. MEAN RATE OF BLEEDING (ML/MIN) 

Initial Final* Decrease (%) 

Sham-treated control 1.12 0.38 66 
Range 0.36-1.65 0.14-0.59 

Heater probe alone 1.20 0 100 
Range 0.24-3.34 

Cyanoacrylate alone 1.14 0.20 82 
Range 0.37-1.95 0.01-1.06 

*Minutes 6-9 after the ulcer's creation. 

In the 12 ulcers randomized to adjunctive Flu- 
crylate T M  treatment, partial heater-probe coagu- 
lation slowed the rate of hemorrhage from a mean of 
1.26 cc/min (range 0.9 to 3.16 cc/min) to a mean of 
0.19 cc/min (range 0.10-0.73 cc/min). When these 
partially treated ulcers were treated with Flucryl- 
a tC M, five of 12 stopped bleeding. The rate of bleed- 
ing after partial heater-probe treatment did not pre- 
dict which ulcers would stop bleeding when sprayed 
with glue. 

Heater-probe treatment was superior to either 
sham treatment (P < 0.02, Fisher's exact test) or to 
cyanoacrylate alone (P = 0.001, Fisher's exact 
test), but not to cyanoacrylate following partial 
heater probe coagulation (P > 0.05, Fisher's exact 
test) (Table 2). 

Pathology 
Gross examinat ion of all g lue- t rea ted lesions 

showed a white crust of polymerized cyanoacrylate 
covering the ulcer; adherence to the ulcer rim was 

irregular in lesions treated with the tissue glue 
alone. Adherence of glue to the rim of ulcers partial- 
ly treated with the heater probe was more uniform. 
Flucrylate T M  adhered to part of the ulcer base, but 
persistent bleeding beneath the glue layer often pro- 
duced a bubble of blood which raised the layer of 
glue above the ulcer base. 

Microscopically, four of the five ulcers that 
stopped bleeding in heparinized dogs after adjunc- 
tive t rea tment  with cyanoac ry la t e  t issue glue 
showed evidence of continued bleeding beneath the 
glue layer: hemorrhage could be seen under intact 
elevated mucosa, suggesting continued ulcer bleed- 
ing with dissection of blood along the path of 
least resistance (Figure 3). There was no micro- 
scopic evidence of Flucrylate T M  below the sub- 
mucosa and no acute damage to the muscularis ex- 
terna in glue-treated lesions. Glue-treated ulcers 
from unheparinized and heparinized animals were 
identical in appearance. Sham-treated ulcers and 
heater-probe-treated lesions were indistinguishable 
from those reported elsewhere (7, 16). 

DISCUSSION 

Alkyl 2-cyanoacrylate plastic tissue adhesives 
were developed in the 1950s for use in battlefield 
trauma. The structure of the parent molecule is 
shown in Figure 4. The first cyanoacrylates used, 
the methyl and N-butyl derivatives, provided ade- 
quate hemostasis for wounds of the liver (17), blood 

Fig 3. Acute experimental ulcer after cyanoacrylate treatment. A dark irregular glue layer (arrows) covers a 
pool of blood (B) accumulating beneath it and dissecting under the surrounding mucosa (H & E Alcian blue, 
x9.2). 
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TABLE 2. ULCER HEMOSTASIS 

Treatment group # Hemostasis/ # treated 

Heater probe 17/17 
Cyanoacrylate alone 0/12 
Adjunctive cyanoacrylate 5/12 
Sham-treated control 0/7 

C ~ N  

H2C 
\ 

~ 
C --0 - -  

o// 
Fig 4. C y a n o a c r y l a t e  m o n o m e r .  

vessels (18, 20), hollow viscera (19), kidney (20), 
and skin (21). Unfortunately, the methyl deriva- 
tives broke down quickly to irritating compounds 
which produced unacceptable tissue inflammation 
and necros is  (10-12). The longer alkyl 2-cy- 
anoacrylate side-chain derivatives are easier to ap- 
ply, less irritating, and more effective in stopping 
bleeding (10, 17, 22-24). However,  before consid- 
ering widespread clinical use of tissue glues, it must 
be determined whether glue residues remain em- 
bedded chronically in the gastric wall and whether 
they are carcinogenic. 

Flucrylate TM (MBR4197) is the trifluoroisopropyl 
homolog of  the alkyl 2 -cyanoacry la tes  with a 
branched fluorinated side chain. In preliminary 
studies this substance has been shown to stop 
bleeding fol lowing dental  ext rac t ions  (13). The 
mechanism of action of the cyanoacrylates is not 
fully understood, but hemostasis may occur by me- 
chanical tamponade of bleeding lesions. Because of 
this characteristic, we hoped that cyanoacrylate tis- 
sue adhesives might stop hemorrhage when applied 
endoscopically to bleeding ulcers. The theoretical 
advantages of tissue glues are that they do not ther- 
mally injure tissue beneath the ulcer as do other he- 
mostatic methods, and they can be applied as a 
spray without touching the lesion and without pre- 
cise targeting. 

In our canine model of acute gastric ulcer bleed- 
ing, Flucrylate TM did not reliably stop bleeding in 
either briskly bleeding or slowly oozing ulcers. This 
was true whether or not the animals were hepari- 
nized (Figure 5). In fact, despite unimpaired coagu- 
lation in unheparinized animals, there was no statis- 
tical difference in ulcer hemostasis between Flu- 
crylate TM treatment and no treatment. Additionally, 
the histology suggests that even when external 
bleeding could not be seen, the glue had only 
capped the surface while bleeding continued in the 
deeper tissue layers. 

Martin et al used Flucrylate T M  to chronically treat 
experimental gastric ulcers in dogs (25). In that 
study canine gastric ulcers were made endoscopi- 
cally by lifting the mucosa and excising a plug of 

tissue. Animals were heparinized on days 4-8 fol- 
lowing surgery. On days 4, 6, 8, and 11, the dogs 
were endoscoped, and Flucrylate TM (MBR4197) 
was sprayed on the healing ulcers. Blood loss was 
compared in control animals and cyanoacrylate- 
treated animals by measuring serial hematocrits. 
The results of that study showed a significantly 
smaller hematocrit drop in the glue-treated dogs 
compared to the untreated controls. However,  be- 
cause the experimental design and objectives dif- 
fered from the present study, it is impossible to 
make a meaningful comparison. 

Flucrylate TM (MBR4197) also has been used in a 
pilot clinical trial to control a variety of severely 
bleeding upper-gas t ro in tes t ina l  lesions in pa- 
tients (26). Bleeding stopped in three of 6 patients 
successfully treated, and markedly slowed in anoth- 
er two treated patients. However,  it is well estab- 
lished that over 80% of patients with upper-gastro- 
intestinal bleeding stop spontaneously (27). There- 
fore, properly designed, prospective, randomized, 
controlled clinical trials are necessary to prove the 
efficacy of any hemostatic technique, but only after 
the technique is proven safe and effective in animal 
studies. 

In conclusion, our controlled experimental stud- 
ies indicate that Flucrylate TM is not an effective he- 
mostatic agent for the treatment of briskly bleeding 
or slowly oozing experimental ulcers in heparinized 
or nonheparinized dogs. 
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