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ABSTRACT 

A method for treating a blood vessel in a wall forming a 
gastrointestinal tract of a body of a mammal. An occlusion is 
formed in the vessel so as to terminate blood flow to the vessel 
distal of the occlusion. A method for treating a varix in a 
gastrointestinal wall, a method of treating an ulcer in a gas 
trointestinal wall, and a method for treating a hemorrhoid in a 
rectal wall are also provided. 
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METHOD FORVASCULAR OCCLUSIVE 
THERAPY IN GASTRONTESTINAL SYSTEM 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 09/232,056 filed Jan. 15, 1999 and 
claims priority to U.S. provisional patent application Ser. No. 
60/111,884 filed Dec. 11, 1998, the entire contents of each of 
which are incorporated herein by this reference. 
0002 This invention pertains to the treatment of blood 
vessels and, more particularly, to the treatment of dilated 
veins. 
0003 Blood vessels, and specifically veins, in the gas 

trointestinal tract of a body can often become enlarged. For 
example, a vein which becomes enlarged and lengthened is 
known as a varix. Such varices can occur in the wall of the 
gastrointestinal tract, for example in the vicinity of the lower 
esophageal sphincter. A dilated vein at the margin of the anus 
or nearby within the rectum is known as a hemorrhoid. An 
erosion in the mucous membrane of the gastrointestinal tract 
is known as an ulcer. Bleeding from ulcers can be either from 
veins or arteries. Varices, hemorrhoids and ulcers are more 
Suspectable to undesirable bleeding than normal vessels. 
0004 Sclerotherapy is used to treat bleeding of esoph 
ageal varices. However, rebleeding is still common in patients 
receiving Sclerotherapy. In addition, the injection of Scleros 
ing agents induces various local and systemic complications. 
Ligation was developed in an attempt to provide an endo 
scopic therapy that would be at least as effective as sclero 
therapy but have fewer complications. Unfortunately, rela 
tively large vessels can be difficult to ligate. In addition, the 
ligation procedure can cause tears in the vessel. Hemorrhoids 
have been treated in the same manner as varices, but these 
treatment techniques Suffer from the same disadvantages dis 
cussed above. 
0005 For patients with severely bleeding ulcers, surgery 
may be required to cauterize the vasculature in the vicinity of 
the ulcer. Unfortunately, Surgical intervention is a major 
operation with all attendant morbidities, mortality and risk of 
failure requiring further Surgery. 
0006. As can be seen from the foregoing, there is a need for 
a new and improved method for treating varices, hemorrhoids 
and gastric ulcers. 
0007. In general, it is an object of the present invention to 
provide a minimally invasive method for injecting a material 
into a vessel in the gastrointestinal system of the body to 
substantially occlude the vessel. 
0008 Another object of the invention is to provide a 
method of the above character in which the injected material 
is a nonbiodegradable material. 
0009. Another object of the invention is to provide a 
method of the above character in which the material is 
injected as at least one solution and thereafter forms a Solid. 
0010. Another object of the invention is to provide a 
method of the above character in which the at least one 
Solution includes a solution from which a nonbiodegradable 
Solid precipitates. 
0011. Another object of the invention is to provide a 
method of the above character in which the solution includes 
a biocompatible polymer and a biocompatible solvent. 
0012. Additional objects and features of the invention will 
appear from the following description from which the pre 
ferred embodiments are set forth in detail in conjunction with 
the accompanying drawings. 
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0013 FIG. 1 is a perspective view of an apparatus for use 
in the method for treating vessels of the present invention. 
0014 FIG. 2 is a cross-sectional view of a portion of the 
apparatus of FIG. 1 taken along the line 2-2 of FIG. 1. 
0015 FIG. 3 is an enlarged side view of the distal portion 
of the apparatus of FIG. 1 taken along the line 3-3 of FIG. 1. 
0016 FIG. 4 is an enlarged side view, similar to FIG.3, of 
the distal portion of another embodiment of the apparatus for 
use in the method for treating vessels of the present invention. 
0017 FIG. 5 is a cross-sectional view of a proximal por 
tion of the apparatus of FIG.1 taken along the line 5-5 of FIG. 
1. 
0018 FIG. 6 is a schematic view of the apparatus of FIG. 
1 practicing the method of the present invention for treating 
Varices in the vicinity of the esophageal sphincter. 
0019 FIG. 7 is an enlarged view of a portion of the esopha 
gus and cardia of FIG. 6, taken along the line 7-7 of FIG. 6, 
showing the method step of FIG. 6. 
0020 FIG. 8 is a cross-sectional view of a treated varix in 
the area of the esophagus and cardia taken along the line 8-8 
of FIG. 7. 
(0021 FIG. 9 is an enlarged view, similar to FIG. 7, of a 
portion of the esophagus and cardia showing the apparatus of 
FIG. 1 practicing the method of the present invention for 
treating ulcers in the cardia. 
0022 FIG.10 is a cross-sectional view of a treated ulcer in 
the cardia taken along the line 10-10 of FIG. 9. 
0023 FIG. 11 is a schematic view of a step of method of 
the present invention for treating hemorrhoids in the anal 
canal. 
0024 FIG. 12 is a cross-sectional view of a treated hem 
orrhoid in the anal canal taken along the line 12-12 of FIG.11. 
0025. In general, a method for treating a blood vessel in a 
wall forming a gastrointestinal tract of a body of a mammal is 
provided. At least one nonaqueous solution is introduced 
from the gastrointestinal tract into the vessel. A nonbiode 
gradable solid is formed in the vessel in the vicinity of a 
portion of the vessel from the least one nonaqueous Solution 
to create an occlusion in the vessel and thus terminate blood 
flow to the vessel distal of the occlusion. 
0026. The method of the present invention can be per 
formed with an apparatus of the type shown in FIG.1. Appa 
ratus or medical device 21 shown therein includes a probe 
member or probe 22 having an optical viewing device 23. A 
needle assembly 26 is slidably carried by probe 22. Treatment 
device 21 further includes a supply assembly 27 mounted to 
the proximal end portion of needle assembly 26. 
0027. A conventional or other suitable gastroscope or 
endoscope can be used for probe 22. The exemplary probe 22 
shown in FIG. 1 is an Olympus CF Type 40L/I endoscope 
made by Olympus Corporation of Tokyo Japan. Probe 22 
includes a flexible elongate tubular member or insertion tube 
31 having proximal and distal extremities 31a and 31b and a 
distal face 32. Insertion tube 31 has been sectioned in FIG. 1 
so that only a portion of proximal extremity 31a and distal 
extremity 31b is shown. A handle means or assembly is 
coupled to proximal extremity 31a of the insertion tube 31 
and includes a conventional handle 33. The tubular insertion 
tube 31 is provided with a plurality of bores or passageways 
extending from proximal extremity 31a to distal extremity 
31b. A plurality offive Such passageways, including a central 
passageway 36, are shown in FIG. 2. 
0028. An optical viewing device 23 is formed integral with 
conventional probe 22 and has an optical element or objective 
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lens 37 carried by the central passageway 36 of insertion tube 
31. The lens 37 has a field of view at distal face 32 which 
permits the operator to view forwardly of insertion tube distal 
extremity 31b. Optical viewing device 37 further includes an 
eye piece 41 mounted on the proximal end of handle 33. 
Second and third illumination passageways 42 are provided 
in insertion tube 31 peripherally of central passageway 36 for 
carrying respective light fiber assemblies or light guides 43. A 
connection cable 46, a portion of which is shown in FIG. 1, 
extends from handle 33 to a conventional light source 47. 
First and send light guides 43 extend through insertion tube 
31 and cable. 46 for providing illumination forwardly of 
insertion tube 31. 

0029. A working passageway or channel 51 is further pro 
vided in insertion tube 31 and extends to a side port 52 formed 
in handle 33. An additional passageway 56 extends through 
insertion tube 31 and can be used as an air and/or water outlet. 
Insertion tube 31 is flexible so as to facilitate its insertion and 
advancement through a body and is provided with a bendable 
distal end for selectively directing distal face 32 in a desired 
direction. A plurality of finger operable controls 57 are pro 
vided on handle 33 for, among other things, operating the 
bendable distal end of insertion tube 31 and the supply and 
removal of fluids through the insertion tube 31. 
0030 Needle assembly 26 can be of any conventional type 
such as a modified sclerotherapy needle similar to the BardTM 
FlexitipTM needle manufactured by C.R. Bard, Inc. of Bil 
lerica, Md. Needle assembly 26 includes a needle member or 
needle 61 having a proximal end portion 61a and a distal end 
portion 61b and an optional sleeve member or sleeve 62 
having a proximal end portion 62a and a distal end portion 
62b. Sleeve 62 is made from any suitable material such as 
plastic and has a lumen extending longitudinally there 
through for receiving the needle 61. The sleeve 62 and the 
needle 61 are slidable relative to each other in a longitudinal 
direction. Needle 61 and sleeve 62 can be slidably disposed 
within working channel 51 and side port 62 of insertion tube 
31 and each have a length so that when distal end portions 61b 
and 62b are extending from distal extremity 31b of the inser 
tion tube 31 or otherwise in the vicinity of distal face 32, 
proximal end portions 61a and 62a are accessible at side port 
52. 

0031. The hollow needle 61 has a passage 63 extending 
longitudinally therethrough from proximal end portion 61 a to 
distal end portion 61b. The modified needle distal end portion 
61b is made from any suitable material such as stainless steel 
and has a size ranging from 16 to 28 gauge and preferably 
ranging from 23 to 26 gauge. As shown most clearly in FIG. 
3, the distal end portion 61b has a cylindrical wall 66 for 
forming internal passage 63 and also has a sharpened or 
beveled distal end 67 formed in part by a tapered end surface 
68. At least one opening 71 is provided in distal endportion 61 
and can include or consist of an opening 71a provided in 
tapered end surface 68. As an alternative to or in addition to 
opening 71a, at least one and as shown a plurality of openings 
71 can be provided in cylindrical wall 66. A plurality of two 
openings 71b and two additional openings 71c are provided in 
wall 66. Openings 71b are diametrically disposed relative to 
each other, so as to be 180° apart, and openings 71c are also 
diametrically disposed relative to each other but offset 900 
from openings 71b. The openings 71c are spaced longitudi 
nally behind the openings 71b. Openings 71b and 71c can be 
any suitable shape or size and are shown as being elongate or 
oblong in shape. It should be appreciated that a needle distal 
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end portion 61b having only openings 71b or openings 71c 
can be provided and be within the scope of the present inven 
tion. In one embodiment of needle 61, tapered surface 68 is 
closed and openings 71 provided only in cylindrical wall 66. 
0032. Another embodiment of the modified distal end por 
tion of the needle 61 is shown in FIG. 4. Distal end portion 
61b' therein has a sharpened or pointed distal end 76 which is 
generally conical in shape. No opening 71 is provided in the 
closed pointed end 76. A plurality of three circumferentially 
disposed openings 71d are provided in cylindrical wall 66 
proximal of pointed end 76. Openings 71d are circumferen 
tially spaced apart at separation angles of approximately 
120°. A second set of three openings 71e extend through 
cylindrical wall 66 proximal of openings 71d. Openings 71e 
are also circumferentially spaced apart at separation angles of 
approximately 120°. The openings 71e are angularly offset 
about the centerline of distal end portion 61b' relative to the 
opening 71d. 
0033. A fluid connector 81 is secured to proximal end 
portion 61a of needle 61 and a gripping member or grip 82 is 
secured to the proximal end portion 62a of the sleeve 62 (see 
FIG. 1). Fluid connector 81 includes first and second luer 
fitting portions 83 and 84, or any other suitable fitting por 
tions, which communicate with passage 63 in needle 61. First 
luer fitting portion 83 is capped in FIG. 1. Fluid connector 81 
and grip 82 are longitudinally movable relative to each other 
So as to cause relative longitudinal movement between needle 
61 and sleeve 62. More specifically, grip 82 can be slid for 
wardly and rearwardly on proximal end portion 61a of the 
needle 61 relative to fluid connector 81. Movement of grip 82 
forwardly relative to fluid connector 81 causes distal end 
portion 62b of sleeve 62 to extend fully over distal end portion 
61b of the needle 61 so that the needle has fully retracted 
within sleeve 62. Conversely, movement of grip 82 rear 
wardly relative to fluid connector 81 causes sleeve distal end 
portion 62b to retract relative to needle distal end portion 61b 
so as to expose the needle distal end portion 61b. 
0034. The handle means of treatment device 21 includes 
supply assembly 27 coupled to proximal extremity 31a of 
insertion tube 31 (see FIG. 1). More specifically, supply 
assembly 27 is secured to the proximal extremity of needle 
assembly 26. The supply assembly 27 is included within the 
means of treatment device 21 for introducing a liquid or 
Solution through passage 63 of needle 61 and out one or more 
of the openings 71 provided in the needle distal end portion 
61b. Supply assembly 27 comprises a conventional Syringe or 
first syringe 91 having a reservoir or barrel 92 provided with 
any suitable fitting portion such as luer fitting portion.93 at the 
forward end thereof and a plunger 94 for dispelling liquid 
within barrel 92 through luer fitting portion 93. The supply 
assembly 27 optionally includes second and third reservoirs 
in the form of second and third syringes 96 and 97. The 
second syringe 96 is filled with dimethylsulfoxide (DMSO) 
or any other suitable liquid. The third syringe 97 is filled with 
a saline Solution or any other suitable aqueous or physiologic 
Solution. 

0035. A manifold assembly or manifold 98 is provided for 
coupling syringes 91.96 and 97 to fluid connector 81. In one 
embodiment, the manifold 98 has a plurality of three stop 
cocks 101-103 and a plurality of at least two and as shown a 
plurality of four ports or luer fitting portions. A first luer 
fitting portion 104 cooperatively mates with the forwardluer 
fitting portion 93 of syringe 91. A second luer fitting portion 
106 cooperatively mates with secondluer fitting portion 84 of 
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the fluid connector 81. Third and fourth luer fitting portions 
107 and 108 are additionally provided. The third luer fitting 
portion 107 is connected by a tube 109, a portion of which is 
shown in FIG. 1, to second syringe 96 and the fourth luer 
fitting portion 108 is connected by a tube 110, a portion of 
which is shown in FIG. 1, to third syringe 97. The stop cocks 
101-103 operate in a conventional manner to direct fluid flow 
between the luer fitting portions 104 and 106-108. In a further 
embodiment of the invention (not shown), syringe 91 can be 
secured directly to fluid connector 81 or the proximal end 
portion 61a of needle 61. It should be appreciated that mani 
fold 98 can alternatively be provided with less than or greater 
than four luer fitting portions or be of any other configuration 
for coordinating fluid flow from a plurality of syringes or 
other fluid reservoirs. 

0036 Supply assembly 27 further includes an optional 
delivery device or gun 111 for Supplying a plurality of dis 
crete preselected amounts of the fluid within barrel 92 to 
needle 61 (see FIGS. 1 and 5). Gun 111 has a cylindrical 
housing 112 made from plastic or any other Suitable material 
for receiving syringe barrel 92. Housing 112 is formed from 
a base portion 113 and a cover portion 114 pivotally secured 
to the base portion 113 by hinge 116. A latch 117 is pivotally 
coupled to the cover portion 114 for engaging base portion 
113 and thereby locking the cover portion 114 in a closed 
position. Housing 112 has a forward opening 118 for receiv 
ing luer fitting portion 93 of the syringe 91. A handle 126 
made from plastic or any other suitable material depends from 
base portion 113. The handle 126 has an internal cavity 127. 
First and second spaced-apart reinforcing members 128 and 
129 extend downwardly from the base portion 113 at the front 
and rear of handle 126. The reinforcing members 128 and 129 
are longitudinally aligned and each provided with a bore 132 
extending longitudinally therethrough and opening into inter 
nal cavity 127. A rod 136 made from plastic or any other 
suitable material is slidably disposed within bores 132. The 
rod 136 has a paddle 137 extending upwardly from the rear 
thereof perpendicularly to the longitudinal axis of the rod. 
Paddle 137 is adapted to engage the end of syringe plunger94. 
A ring 138 sized for receiving a finger of a human hand 
extends rearwardly from paddle 137 for facilitating the pull 
ing of rod 136 rearwardly in bores 132. 
0037 Rod 136 and paddle 137 are included within the 
finger operable means of gun 111 for causing incremental 
relative movement between barrel 92 and plunger 94 of the 
Syringe 91. A trigger 141 extends from an opening 142 at the 
front of handle 126 below rod 136. The trigger is slidably 
disposed in a direction parallel to the longitudinal axis of rod 
136 between first and second spaced-apart guides 143 pro 
vided in internal cavity 127. Trigger 141 moves between a 
first or fully extended position to a second or fully retracted 
position. A lever 146 is pivotally coupled to handle 126 by 
means of a pin 147. The lever 146 has a first end portion 146a 
which extends behind trigger 141 and a second end portion 
146b having a wedge-like shape for engaging one of a plu 
rality of longitudinally spaced-apart notches formed in the 
bottom of rod 136. When trigger 141 is pulled rearwardly by 
the finger of a human hand, the trigger engages lever first end 
portion 146a to cause the lever 146 to pivot about pin 147 
from a first or home position to a second or operational 
position. Lever second end portion 146b moves forwardly 
during this half-stroke to engage one of notches 148 and cause 
the rod 136 to move forwardly relative to housing 112. The 
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paddle 137 follows rod 136 and incrementally pushes plunger 
94 into barrel 92 for each pull of trigger 141. 
0038 A fixed stop 151 is provided in handle 126 for lim 
iting the rearward movement of trigger 141 and thus deter 
mining the incremental amount of fluid within barrel 92 dis 
pelled from the syringe 91 with each pull of trigger 141. The 
rearward travel of trigger 141 can be selectively limited by 
means of one or more additional pins or stops 152, one of 
which is shown in FIG. 5. Adjustable limit pin 152 is slidably 
mounted within handle 126 for movement from a first posi 
tion out of the path of trigger 141 to a second position within 
the path of the trigger 141 so as to selectively limit the rear 
ward stroke of trigger 141 when engaged and placed in its 
second position. 
0039. A coil spring 156 or any other suitable biasing num 
ber having one end coupled to a pin 157 mounted within 
handle 126 and a second end secured to the second end 
portion 146b of lever 146 is provided. Spring 156 urges lever 
146 back to its home position, out of engagement with 
notches 148, when the finger pressure on trigger 141 is 
released. Spring 156 causes lever first end portion 146a to 
push trigger 141 outwardly from opening 142 to its home 
position. 
0040. A finger operable adjustment mechanism 166 is 
connected to needle proximal end portion 61a and sleeve 
proximal end portion 62a for causing longitudinal relative 
movement between the needle 61 and the sleeve 62. The 
adjustment mechanism 166 can be of any suitable type foruse 
with any suitable needle assembly having a needle and sleeve 
which are adjustable relative to each other. One embodiment 
of Such an adjustment mechanism 166 is carried by gun 111. 
As shown in FIG. 1, such adjustment mechanism 166 has a 
first or forward post 167 and a second or rear post 168 extend 
ing upwardly from the top of cover portion 114. The longitu 
dinally spaced-apart posts 167 and 168 extend perpendicu 
larly to barrels 92. A slidable member or slide bar 171 is 
slidably mounted in a bore (not shown) provided in forward 
post 167 for forward and rearward movement in a direction 
parallel to barrel 92. A thumb screw 172 having an enlarged 
head 172a is slidably disposed in a bore (not shown) provided 
in rear post 168. Screw head 172a abuts rear post 168 and the 
other end of screw 172 is threadably received within the back 
end of slide bar 171. Counterclockwise rotation of thumb 
screw 172 relative to rear post 168 causes slide bar 171 to 
move rearwardly toward forward post 167, while clockwise 
rotation of the thumb screw 172 results in the slide bar 171 
moving forwardly away from post 167. An L-shaped coupler 
173 is pivotally coupled to the forwardend of slide bar 171 by 
means of a pin 174. The coupler 173 has first and second 
spaced-apart arms 176 forming a slot 178 therebetween for 
receiving the central portion of grip 82. A screw 179 extends 
between the arms 176 for locking the arms to grip 82 and thus 
longitudinally locking sleeve 62 relative to needle 61. 
0041 Treatment device 21 can be used in the body of a 
mammal for any Suitable procedure Such as the treatment of a 
vessel, preferably a blood vessel, in the upper portion of the 
gastrointestinal tract. In one Such procedure, device 21 is 
utilized for the treatment of an esophageal varices. A portion 
of a human body 184 is shown in FIGS. 6-8 and has an 
internal cavity in the form of esophagus 186 extending 
through a lower esophageal sphincter 187 to a stomach 188. 
Such cavity is accessible by a natural body opening in the 
form of mouth 192 and is defined by a wall 193. Esophagus 
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186 is part of the gastrointestinal tract of body 184 that 
extends from mouth 192 to an anus (see FIG. 11). 
0042. The esophageal mucosa 196 serves as the inner 
layer of the intraluminal wall 193 in the esophagus 186 and 
the gastric mucosa 197 serves as the inner layer of the intra 
mural wall 193 in the stomach 188. The esophageal mucosa 
and the gastric mucosa meet at the squamous columnarjunc 
tion 198. Wall 193 further includes a muscle layer comprising 
layer of circular muscle 201 extending beneath mucosa layers 
196 and 197 and layer of longitudinal muscle 202 beneath 
circular muscle 201. The muscle layers 201 and 202 each 
extend around the esophagus 186 and the stomach 188. Wall 
193 further includes a submucosal space 203, that is any 
space located between mucosa layer 196 or 197 and circular 
muscle layer 201 created by the separation of layer 196 or 197 
from muscle layer 201. The wall 193 has a depth or thickness 
which includes at least mucosa layers 196 or 197, muscle 
layers 201 and 202 and the submucosal space 203. The 
phreno-esophageal ligament 204 and diaphragm 206 extend 
around the esophagus 186 above the lower esophageal 
sphincter 187. 
0043 A plurality of vessels 207 such as veins, arteries or 
lymphatic vessels extend through wall 193. At least some of 
the vessels have an abnormally dilated and enlarged portion in 
the form of a varix 208 that protrudes from wall 193 (see 
FIGS. 7 and 8). Each of the varices 208 has proximal and 
distal portions 208a and 208b and, as shown, are in the vicin 
ity of the lower esophageal sphincter 187. The term in the 
vicinity of the lower esophageal sphincter is defined hereinto 
include at least the lower third of the esophagus, the squa 
mous columnarjunction 198, and the gastric cardia or upper 
portion of the stomach 188. 
0044. In a method of the present invention, at least one 
nonaqueous Solution is introduced into the vessel or blood 
vessel 207 to form an occlusion in the blood vessel and thus 
terminate blood flow to the vessel distal of the occlusion. 
Although any suitable material can be used with the method 
of the present invention, an inert, nonresorbable material is 
preferred. One such material comprises at least one solution 
which when introduced into the body forms a nonbiodegrad 
able Solid. As used herein, a Solid means any Substance that 
does not flow perceptibly under moderate stress, has a definite 
capacity for resisting forces which tend to deform it (such as 
compression, tension and strain) and under ordinary condi 
tions retains a definite size and shape; such a solid includes, 
without limitation, spongy and/or porous Substances. One 
such embodiment of the at least one solution is first and 
second solutions which when combined in the body form the 
nonbiodegradable Solid. Another Such embodiment is a non 
aqueous Solution which can be introduced into the body as a 
liquid and from which a solid thereafter precipitates. A pre 
ferred embodiment of Such a nonaqueous solution is a solu 
tion of a biocompatible polymer and a biompatible solvent 
which can optionally include a contrast agent for facilitating 
visualization of the solution in the body. 
0045. A particularly preferred augmenting or bulking 
Solution is a composition comprising from about 2.5 to about 
8.0 weight percent of a biocompatible polymer, from about 52 
to about 87.5 weight percent of a biocompatible solvent and 
optionally from about 10 to about 40 weight percent of a 
biocompatible contrast agent having a preferred average par 
ticle size of about 10um or less. It should be appreciated that 
any percents stated herein which include a contrast agent 
would be proportionally adjusted when the contrast agent is 
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not utilized. Any contrast agent is preferably a waterinsoluble 
biocompatible contrast agent. The weight percent of the poly 
mer, contrast agent and biocompatible solvent is based on the 
total weight of the complete composition. In a preferred 
embodiment, the water insoluble, biocompatible contrast 
agent is selected from the group consisting of barium sulfate, 
tantalum powder and tantalum oxide. In still a further pre 
ferred embodiment, the biocompatible solvent is dimethyl 
sulfoxide (DMSO), ethanol, ethyl lactate or acetone. 
0046. The term “biocompatible polymer refers to poly 
mers which, in the amounts employed, are non-toxic, chemi 
cally inert, and Substantially non-immunogenic when used 
internally in the patient and which are substantially insoluble 
in physiologic liquids. Suitable biocompatible polymers 
include, by way of example, cellulose acetates (including 
cellulose diacetate), ethylene vinyl alcohol copolymers, 
hydrogels (e.g., acrylics), poly(C-C) acrylates, acrylate 
copolymers, polyalkyl alkacrylates wherein the alkyl and alk 
groups independently contain one to six carbon atoms, poly 
acrylonitrile, polyvinylacetate, cellulose acetate butyrate, 
nitrocellulose, copolymers of urethane/carbonate, copoly 
mers of Styrene? maleic acid, and mixtures thereof. Copoly 
mers of urethane/carbonate include polycarbonates that are 
diol terminated which are then reacted with a diisocyanate 
such as methylene bisphenyl diisocyanate to provide for the 
urethane/carbonate copolymers. Likewise, copolymers of 
styrene/maleic acid refer to copolymers having a ratio of 
styrene to maleic acid of from about 7:3 to about 3:7. Prefer 
ably, the biocompatible polymer is also non-inflammatory 
when employed in situ. The particular biocompatible poly 
mer employed is not critical and is selected relative to the 
viscosity of the resulting polymer solution, the solubility of 
the biocompatible polymer in the biocompatible solvent, and 
the like. Such factors are well within the skill of the art. 
0047. The polymers of polyacrylonitrile, polyvinylac 
etate, poly(C-C) acrylates, acrylate copolymers, polyalkyl 
alkacrylates wherein the alkyl and alk groups independently 
contain one to six carbon atoms, cellulose acetate butyrate, 
nitrocellulose, copolymers of urethane/carbonate, copoly 
mers of Styrene? maleic acid and mixtures thereof typically 
will have a molecular weight of at least about 50,000 and 
more preferably from about 75,000 to about 300,000. 
0048 Preferred biocompatible polymers include cellulose 
diacetate and ethylene vinyl alcohol copolymer. In one 
embodiment, the cellulose diacetate has an acetyl content of 
from about 31 to about 40 weight percent. Cellulose diacetate 
polymers are either commercially available or can be pre 
pared by art recognized procedures. In a preferred embodi 
ment, the number average molecular weight, as determined 
by gel permeation chromatography, of the cellulose diacetate 
composition is from about 25,000 to about 100,000 more 
preferably from about 50,000 to about 75,000 and still more 
preferably from about 58,000 to 64,000. The weight average 
molecular weight of the cellulose diacetate composition, as 
determined by gel permeation chromatography, is preferably 
from about 50,000 to 200,000 and more preferably from 
about 100,000 to about 180,000. As is apparent to one skilled 
in the art, with all other factors being equal, cellulose diac 
etate polymers having a lower molecular weight will imparta 
lower viscosity to the composition as compared to higher 
molecular weight polymers. Accordingly, adjustment of the 
viscosity of the composition can be readily achieved by mere 
adjustment of the molecular weight of the polymer composi 
tion. 
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0049. Ethylene vinyl alcohol copolymers comprise resi 
dues of both ethylene and vinyl alcohol monomers. Small 
amounts (e.g., less than 5 mole percent) of additional mono 
mers can be included in the polymer structure or grafted 
thereon provided such additional monomers do not alter the 
implanting properties of the composition. Such additional 
monomers include, by way of example only, maleic anhy 
dride, styrene, propylene, acrylic acid, vinyl acetate and the 
like. 

0050 Ethylene vinyl alcohol copolymers are either com 
mercially available or can be prepared by art recognized 
procedures. Preferably, the ethylene vinyl alcohol copolymer 
composition is selected Such that a solution of 8 weight 
volume percent of the ethylene vinyl alcohol copolymer in 
DMSO has a viscosity equal to or less than 60 centipoise at 
20° C. and more preferably 40 centipoise or less at 20°C. As 
is apparent to one skilled in the art, with all other factors being 
equal, copolymers having a lower molecular weight will 
impart a lower viscosity to the composition as compared to 
higher molecular weight copolymers. Accordingly, adjust 
ment of the viscosity of the composition as necessary for 
catheter delivery can be readily achieved by mere adjustment 
of the molecular weight of the copolymer composition. 
0051. As is also apparent, the ratio of ethylene to vinyl 
alcohol in the copolymer affects the overall hydrophobicity/ 
hydrophilicity of the composition which, in turn, affects the 
relative water solubility/insolubility of the composition as 
well as the rate of precipitation of the copolymer in an aque 
ous Solution. In a particularly preferred embodiment, the 
copolymers employed herein comprise a mole percent of 
ethylene of from about 25 to about 60 and a mole percent of 
vinyl alcohol of from about 40 to about 75, more preferably a 
mole percent of ethylene of from about 40 to about 60 and a 
mole percent of vinyl alcohol of from about 40 to about 60. 
0052. The term “contrast agent” refers to a biocompatible 
(non-toxic) radiopaque material capable of being monitored 
during injection into a mammalian Subject by, for example, 
radiography. The contrast agent can be either water soluble or 
water insoluble. Examples of water Soluble contrast agents 
include metrizamide, iopamidol, iothalamate Sodium, 
iodomide sodium, and meglumine. The term “water insoluble 
contrast agent” refers to contrast agents which are insoluble 
in water (i.e., has a water solubility of less than 0.01 milli 
grams per milliliter at 20°C.) and include tantalum, tantalum 
oxide and barium sulfate, each of which is commercially 
available in the proper form for in vivo use and preferably 
having a particle size of 10 um or less. Other water insoluble 
contrast agents include gold, tungsten and platinum powders. 
Methods for preparing such water insoluble biocompatible 
contrast agents having an average particle size of about 10 um 
or less are described below. Preferably, the contrast agent is 
water insoluble (i.e., has a water solubility of less than 0.01 
mg/ml at 20° C.) 
0053. The term “biocompatible solvent” refers to an 
organic material liquid at least at body temperature of the 
mammal in which the biocompatible polymer is soluble and, 
in the amounts used, is Substantially non-toxic. Suitable bio 
compatible solvents include, by way of example, dimethyl 
Sulfoxide, analogues/homologues of dimethylsulfoxide, 
ethanol, ethyllactate, acetone, and the like. Aqueous mixtures 
with the biocompatible solvent can also be employed pro 
vided that the amount of water employed is sufficiently small 
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that the dissolved polymer precipitates upon injection into a 
human body. Preferably, the biocompatible solvent is ethyl 
lactate or dimethylsulfoxide. 
0054 The term “encapsulation” as used relative to the 
contrast agent being encapsulated in the precipitate is not 
meant to infer any physical entrapment of the contrast agent 
within the precipitate much as a capsule encapsulates a medi 
cament. Rather, this term is used to mean that an integral 
coherent precipitate forms which does not separate into indi 
vidual components, for example into a copolymer component 
and a contrast agent component. 
0055. The compositions employed in the methods of this 
invention are prepared by conventional methods whereby 
each of the components is added and the resulting composi 
tion mixed together until the overall composition is Substan 
tially homogeneous. For example, Sufficient amounts of the 
selected polymer are added to the biocompatible solvent to 
achieve the effective concentration for the complete compo 
sition. Preferably, the composition will comprise from about 
2.5 to about 8.0 weight percent of the polymer based on the 
total weight of the composition and more preferably from 
about 4 to about 5.2 weight percent. If necessary, gentle 
heating and stirring can be used to effect dissolution of the 
polymer into the biocompatible solvent, e.g., 12 hours at 50° 
C 

0056 Sufficient amounts of the contrast agent are then 
optionally added to the biocompatible solvent to achieve the 
effective concentration for the complete composition. Pref 
erably, the composition will comprise from about 10 to about 
40 weight percent of the contrast agent and more preferably 
from about 20 to about 40 weight percent and even more 
preferably about 30 to about 35 weight percent. When the 
contrast agent is not soluble in the biocompatible solvent, 
stirring is employed to effect homogeneity of the resulting 
Suspension. In order to enhance formation of the Suspension, 
the particle size of the contrast agent is preferably maintained 
at about 10 Lum or less and more preferably at from about 1 to 
about 5 um (e.g., an average size of about 2 um). In one 
preferred embodiment, the appropriate particle size of the 
contrast agent is prepared, for example, by fractionation. In 
Such an embodiment, a water insoluble contrast agent Such as 
tantalum having an average particle size of less than about 20 
microns is added to an organic liquid Such as ethanol (abso 
lute) preferably in a clean environment. Agitation of the 
resulting Suspension followed by settling for approximately 
40 seconds permits the larger particles to settle faster. 
Removal of the upper portion of the organic liquid followed 
by separation of the liquid from the particles results in a 
reduction of the particle size which is confirmed under an 
optical microscope. The process is optionally repeated until a 
desired average particle size is reached. 
0057 The particular order of addition of components to 
the biocompatible solvent is not critical and stirring of the 
resulting Suspension is conducted as necessary to achieve 
homogeneity of the composition. Preferably, mixing/stirring 
of the composition is conducted under an anhydrous atmo 
sphere at ambient pressure. The resulting composition is heat 
sterilized and then stored preferably in sealed amber bottles 
or vials until needed. 
0.058 Each of the polymers recited herein is commercially 
available but can also be prepared by methods well known in 
the art. For example, polymers are typically prepared by 
conventional techniques such as radical, thermal, UV, gamma 
irradiation, or electron beam induced polymerization 
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employing, as necessary, a polymerization catalyst or poly 
merization initiator to provide for the polymer composition. 
The specific manner of polymerization is not critical and the 
polymerization techniques employed do not form a part of 
this invention. In order to maintain solubility in the biocom 
patible solvent, the polymers described herein are preferably 
not cross-linked. 

0059. In another particularly preferred embodiment of the 
nonaqueous solution, the biocompatible polymer composi 
tion can be replaced with a biocompatible prepolymer com 
position containing a biocompatible prepolymer. In this 
embodiment, the composition comprises a biocompatible 
prepolymer, an optional biocompatible water insoluble con 
trast agent preferably having an average particle size of about 
10 um or less and, optionally, a biocompatible solvent. 
0060. The term “biocompatible prepolymer” refers to 
materials which polymerize in situ to form a polymer and 
which, in the amounts employed, are non-toxic, chemically 
inert, and Substantially non-immunogenic when used inter 
nally in the patient and which are substantially insoluble in 
physiologic liquids. Sucha composition is introduced into the 
body as a mixture of reactive chemicals and thereafter forms 
a biocompatible polymer within the body. Suitable biocom 
patible prepolymers include, by way of example, cyanoacry 
lates, hydroxyethyl methacrylate, silicon prepolymers, and 
the like. The prepolymer can either be a monomer or a reac 
tive oligomer. Preferably, the biocompatible prepolymer is 
also non-inflammatory when employed in situ. 
0061 Prepolymer compositions can be prepared by add 
ing Sufficient amounts of the optional contrast agent to the 
Solution (e.g., liquid prepolymer) to achieve the effective 
concentration for the complete polymer composition. Prefer 
ably, the prepolymer composition will comprise from about 
10 to about 40 weight percent of the contrast agent and more 
preferably from about 20 to about 40 weight percent and even 
more preferably about 30 weight percent. When the contrast 
agent is not soluble in the biocompatible prepolymer compo 
sition, stirring is employed to effect homogeneity of the 
resulting Suspension. In order to enhance formation of the 
Suspension, the particle size of the contrast agent is preferably 
maintained at about 10um or less and more preferably at from 
about 1 to about 5um (e.g., an average size of about 2 Lm). 
0062. When the prepolymer is liquid (as in the case of 
polyurethanes), the use of a biocompatible solvent is not 
absolutely necessary but may be preferred to provide for an 
appropriate viscosity in the nonaqueous Solution. Preferably, 
when employed, the biocompatible solvent will comprise 
from about 10 to about 50 weight percent of the biocompat 
ible prepolymer composition based on the total weight of the 
prepolymer composition. When a biocompatible solvent is 
employed, the prepolymeric composition typically comprises 
from about 90 to about 50 weight percent of the prepolymer 
based on the total weight of the composition. 
0063. In a particularly preferred embodiment, the prepoly 
mer is cyanoacrylate which is preferably employed in the 
absence of a biocompatible solvent. When so employed, the 
cyanoacrylate adhesive is selected to have a viscosity of from 
about 5 to about 20 centipoise at 20° C. 
0064. The particular order of addition of components is 
not critical and stirring of the resulting Suspension is con 
ducted as necessary to achieve homogeneity of the composi 
tion. Preferably, mixing/stirring of the composition is con 
ducted under an anhydrous atmosphere at ambient pressure. 

Jul. 31, 2008 

The resulting composition is sterilized and then stored pref 
erably in sealed amber bottles or vials until needed. 
0065 Specific embodiments of nonaqueous solutions 
Suitable for use in the apparatus and methods of the invention 
are described in U.S. Pat. Nos. 5,667,767 dated Sep. 16, 1997, 
5,580,568 dated Dec. 3, 1996 and 5,695,480 dated Dec. 9, 
1997 and International Publication Number WO 97/45131 
having an International Publication Date of Dec. 4, 1997, the 
entire contents of which are incorporated herein by this ref 
CCC. 

0066. In operation and use of treatment device 21 in the 
method of the present invention, syringe 91 is filled with the 
nonaqueous solution in preparation of the procedure. The 
Syringe 91 is loaded into gun 111 by opening cover portion 
114 to permit placement of barrel 92 within housing 112. 
Ring 138 is grasped to pull rod 136 rearwardly relative to 
housing 112 so that paddle 137 is disposed behind the 
retracted plunger94. Cover portion 114 is closed and secured 
to base portion 113 by means of latch 117. The physician 
thereafter pulls trigger 141 as necessary to cause paddle 137 
to engage the rear of plunger94. 
0067. Although the method of the present invention per 
mits supply assembly 27 to be attached to needle assembly 26 
after needle 61 and sleeve 62 have been disposed in working 
channel 51 of probe 22, the method alternatively permits the 
supply assembly 26 to be attached to the needle assembly 
prior to such disposition of the needle assembly within probe 
22. In either case, attachment is accomplished by coupling 
first luer fitting portion 104 of manifold 98 to luer fitting 
portion 93 of syringe 91 and second luer fitting portion 106 of 
the manifold to the first luer fitting portion 83 of fluid con 
nector 81. Coupler 173 is pivoted downwardly so that first and 
second arms 176 thereof engage grip 82 and screw 179 is 
tightened to secure the grip 82 in the slot 178 between arms 
176. Thumb screw 172 is rotated in a counterclockwise direc 
tion relative to rear post 191 to ensure that needle 61 is fully 
retracted within sleeve 62. Thereafter, saline solution syringe 
97 is coupled by means of tube 110 to thirdluer fitting portion 
107 of the manifold 98 and DMSO syringe 96 is coupled by 
means of tube 109 to fourth luer fitting portion 108 of the 
manifold. 
0068 Probe 22 is prepared by connecting light cable 46 to 
light source 47 and attaching the proper eyepiece 41 to handle 
33. In addition, all other conventional attachments are applied 
to the probe 22. 
0069. After the patient has been appropriately sedated or 
anesthetized, probe distal extremity 31b is introduced 
through mouth 187 into esophagus 191. In this regard, probe 
handle 33 is grasped by the physician to introduce distal 
extremity 31b of probe 22 into mouth 187 and advance the 
insertion tube 31 down esophagus 191 to the vicinity of the 
varix 207. Optical viewing device 23 facilities such advance 
ment by the physician of insertion tube 31. Insertion tube 31 
has a length so that when distal extremity 31b is in the vicinity 
of the varix 207, proximal extremity 31a is outside of body 
184. 

0070 Distal end portions 61b and 62b of needle assembly 
26 are now inserted through side port 52 of insertion tube 31 
and advanced until such distal end portions of needle 61 and 
sleeve 62 are in the vicinity of insertion tube distal extremity 
31b. Needle 61 and sleeve 62 are each movable from a first 
position in which distal end portions 61b and 62b are each 
retracted within insertion tube 31 and thus recessed within 
working channel 51 to a second position in which the distal 
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end portions 61b and 62b extend distally beyond the end of 
insertion tube 31. The needle and sleeve each have a sufficient 
length so that the physician holding gun 111 can extend both 
the needle and the sleeve distally from distal extremity 31b a 
significant distance, should that be desired. 
0071. A portion of the procedure for treating varices 207 is 
shown in FIGS. 6 and 7. Under the guidance of optical view 
ing device 23, insertion tube distal extremity 31b is maneu 
vered to a position above the varix 207 to be treated. The 
physician retracts sleeve 62 relative to needle 61 by means of 
adjustment mechanism 166 so that needle distal end portion 
61b extends beyond sleeve distal end portion 62b a selected 
amount of at least 2 millimeters and preferably ranging from 
2 to 15 millimeters. Such amount of extension can be easily 
determined for example by correlating Such extension as a 
function of the rotation of thumb screw 172 and properly 
calibrating the position of thumb screw 172 relative to rear 
post 168 in this regard. The retraction of needle 61 relative to 
sleeve 62 can occur either within working channel 51 or after 
the needle 61 and sleeve 62 have been extended from inser 
tion tube distal extremity 31b. 
0072 The physician optionally cleanses needle passage 
63 with DMSO from syringe 96. DMSO cleansing can be 
determined by observing a slight amount of DMSO being 
dispelled from needle distal end portion 61b. The DMSO is 
then removed from passage 63 by withdrawing the plunger of 
syringe 96 or by any other suitable means. The cleansing of 
the passage with DMSO inhibits premature precipitation 
within syringe 91 of the biocompatible polymer in the non 
aqueous solution from the DMSO in the nonaqueous solution. 
Needle passage 63 is next primed with the nonaqueous solu 
tion carried by syringe 91 until such solution is available at the 
openings 71 in needle distal end portion 61b. For simplicity, 
the operation of conventional stop cocks 101-103 for direct 
ing appropriate fluids to and from needle passage 63 will not 
be discussed in connection with the procedure. 
0073. The nonaqueous solution is injected into blood ves 
sel 207 in the vicinity of the varix 208 to be treated and 
preferably proximal or upstream of the varix 208. The phy 
sician positions insertion tube distal extremity 31b in the 
esophagus and causes sharpened end 67 of needle 61 to pen 
etrate wall 188 and thus extend into the blood vessel 207 by 
moving the needle 61 and sleeve 62 closer to side port 52. The 
field of view of optical viewing device 23 permits the physi 
cian to observe the penetration of blood vessel 207. Although 
the needle 61 and sleeve 62 can penetrate the wall 188 at any 
angle, it is preferred that the angle of penetration relative to 
wall 188 be less than 90° and more preferably less than 40°. 
The physician pulls trigger 141 to cause the desired prese 
lected amount of nonaqueous solution to be introduced 
through needle 61 extending through probe 22. The openings 
71 in needle distal end portion 61b are positioned in wall 193 
so that the nonaqueous Solution is introduced into the blood 
vessel. The optional contrast agent within the nonaqueous 
Solution permits the viewing of the nonaqueous solution by 
means of fluoroscopy. In addition, the introduction of the 
nonaqueous solution into wall 188 can be monitored transab 
dominally or transesophageally by ultrasound. The rate of 
injection of the nonaqueous solution into blood vessel 207 
can range from 0.1 cc per minute to 10 cc per minute. The 
amount of nonaqueous solution so injected into the blood 
vessel 207 can range from 0.05 to 10 cc and preferably range 
from 0.25 to 3 cc. 

Jul. 31, 2008 

0074. Once the nonaqueous solution has been introduced 
into the blood vessel 207, the biocompatible polymer of the 
nonaqueous solution precipitates to form one or more discrete 
deposits or solid implants 213 in the blood vessel (see FIGS. 
7 and 8). The amount of nonaqueous Solution injected into 
wall 188 for each implant can range from 0.05 cc to 10 cc. 
Although only a single implant 213 is shown as being created 
in blood vessel 207, a plurality of implants 213 can be created 
in the blood vessel. The one or more implants 213 are formed 
in the vicinity of each varix 208 and preferably in the proxi 
mal portion 208a of the varix 208 or in the vessel 207 proxi 
mal of the varix 208. However, an implant 213 can also be 
formed in varix distal portion 208b. Each implant 213 sub 
stantially conforms to the shape of the blood vessel 208. 
Implants 213 which merge with adjacent implants in blood 
vessel 207 are within the scope of the present invention. It is 
preferable that each implant 213 be sized and shaped to com 
pletely occlude the blood vessel 207 and thus preclude blood 
flow past the implant 213 (see FIG. 8). 
0075. A saline or other aqueous or physiologic solution 
can optionally be introduced into the blood vessel 207 after 
the introduction of the nonaqueous Solution in the blood 
vessel 207 to facilitate dispersion of the DMSO or other 
biocompatible solvent present in the nonaqueous solution. 
0076. The occlusion of the blood vessel caused by the 
implant 213 terminates blood flow beyond the implant and 
thus ceases any bleeding of the varix 208 beyond the implant. 
The cessation of blood flow beyond the implant eventually 
causes the varix 208 to atrophy and disappear. The procedure 
of the invention can optionally be performed in combination 
with ligatures, Sclerosing agents, tissue glues and clotting 
agents. 
0077. The method of the present invention is broadenough 
to cover the treatment of vessels in any internal wall of the 
body. In a further example, the method of the invention can be 
utilized to treat ulcers in the gastrointestinal tract and more 
specifically to treat ulcers in the cardia (see FIGS. 9 and 10). 
Ulcer 221 has a crater 222 formed in the gastric mucosa and 
has a blood vessel 207 such as blood vessel 223 having an 
exposed portion 223a. The vessel 223 has an opening 224 in 
the exposed portion through which the blood 226 of the vessel 
is flowing. Any suitable device such as treatment device 21 
can be utilized in Such procedure. 
0078. The method of the present invention for treating 
ulcers is substantially similar to the method described above 
for treating varices. In general, and as more specifically 
described above, probe distal extremity 31b is introduced 
through mouth 198 into esophagus 191 and distal end por 
tions 61b and 62b of needle assembly 26 advanced through 
insertion tube 31 until such distal end portions are in the 
vicinity of insertion tube distal extremity 31b. Under the 
guidance of optical viewing device 23, insertion tube distal 
extremity 31b is maneuvered to a position above the ulcer 221 
to be treated. After optionally cleansing needle passage 63 
with DMSO, the needle passage is primed with any suitable 
Solution Such as the nonaqueous Solution discussed above. 
007.9 The nonaqueous solution is injected by the physi 
cian into vessel 223 in the vicinity of the exposed portion 
223a and preferably proximal or upstream of the opening 
224. The physician positions insertion tube distal extremity 
31b in the cardia and causes sharpened end 67 of needle 61 to 
penetrate vessel 223 by moving the needle 61 and sleeve 62 
closer to side port 52. The field of view of optical viewing 
device 23 permits the physician to observe the penetration of 
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vessel 223. The physician pulls trigger 141 to cause the 
desired preselected amount of nonaqueous solution to be 
introduced through needle 61 and the one or more of openings 
71 disposed in the vessel 223. The optional contrast agent 
within the nonaqueous Solution permits the viewing of the 
nonaqueous solution by means of fluoroscopy. In addition, 
the introduction of the nonaqueous solution into the vessel 
223 can be monitored transabdominally or transesophageally 
by ultrasound. The rate of injection of the nonaqueous solu 
tion into vessel 223 can range from 0.1 cc per minute to 10 cc 
per minute. The amount of nonaqueous Solution so injected 
into the vessel 223 can range from 0.05 to 10 cc and prefer 
ably range from 0.25 to 3 cc. 
0080. Once the nonaqueous solution has been introduced 
into the vessel 223, the biocompatible polymer of the non 
aqueous solution precipitates to form one or more discrete 
deposits or solid implants 227 in the vessel (see FIGS. 9 and 
10). The amount of nonaqueous solution injected into ulcer 
221 for each implant can range from 0.05 cc to 10cc. First and 
second implants 227a and 227b are shown in vessel 223 in 
FIG. 10. It is preferable that at least one of the implants 227a 
be formed upstream of the opening 224. The second implant 
227b in FIG. 10 is formed downstream of the opening 224 to 
inhibit any retrograde blood flow from the opening. Although 
only two implants 227 are shown as being created in vessel 
223, one or a plurality of implants 227 can be created in the 
vessel. Each implant 227 is sized and shaped in a manner 
similar to implants 213 discussed above with respect to 
varices 208. More specifically, it is preferable that each 
implant 227 be sized and shaped to completely occlude the 
vessel 223 and thus preclude blood flow past the implant 227 
(see FIG. 10). A saline or other aqueous or physiologic solu 
tion can optionally be introduced into the vessel 223 for 
facilitating the dispersion of the DMSO or other biocompat 
ible solvent present in the nonaqueous Solution. 
0081. The occlusion of vessel 223 caused by the implant 
227 terminates blood flow beyond the implant and thus ceases 
any bleeding of the ulcer 221 beyond the implant. The cessa 
tion of blood flow beyond the implant 227 eventually causes 
the portion of vessel 223 distal of the implant to atrophy. The 
procedure of the invention can be used with used with cau 
terizing and/or clotting agents. 
0082. Additional implants 228 can be formed in the wall 
193 forming stomach 188 for creating a to inhibit blood flow 
from opening 224. Several of such implants 228 are shown in 
muscle layers 201 and 202 in FIG. 10. The implants 228 are 
substantially similar to the implants described above and can 
beformed in the manner described above. It should be appre 
ciated that implants 228 for the tamponade can be formed in 
all or any of the layers forming wall 193. 
0083. Other supply and/or injection assemblies, such as 
any of those described in copending U.S. patent application 
Ser. No. 09/232,056 filed Jan. 15, 1999, can be used with 
probe 22 and needle assembly 26 in the methods of the inven 
tion for treating vessels 207 in the upper gastrointestinal tract. 
In addition, Such methods are not limited to the transesoph 
ageal or intraesophageal methods described above. The meth 
ods herein can also be performed by Surgical procedures Such 
as a laparotomy, thoracotomy, laparoscopy or thoracoscopy. 
0084. In a further specific method of the present invention, 
the method can be used to treat one or more vessels such as 
hemorrhoids 231 located in the lower portion of the gas 
trointestinal tract (see FIGS. 11 and 12). Such lower portion 
of the gastrointestinal tract includes the anal canal or rectum 
232 and opens to the outside of body 184 at the anus 233. The 
inner layer of the rectal wall 236 forming rectum 232 is 
mucosal layer 237. A layer of muscle extends around the 
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rectum 232 and also forms part of rectal wall 236. Such 
muscle layer comprises circular muscle layer 241 extending 
beneath mucosal layer 237 and longitudinal muscle layer 242 
extending beneath muscle layer 241. Body 184 further 
includes the anal sphincter 246 having the sphincterani inter 
nus 247 and the sphincterani externus 248. The sphincter ani 
internus 247 forms the terminus of circular muscle layer 241 
atanus 233. The sphincterani externus 248 comprises a deep 
external sphincter 251, the superficial external sphincter 252 
and the subcutaneous external sphincter 253. For purposes of 
this application, rectal wall 236 and thus the wall of the 
gastrointestinal tract of body 184 includes both the sphincter 
ani internus 247 and the sphincter ani externus 248. Hemor 
rhoids 231 are formed from a plurality of blood vessels 256 
having enlarged portions 256a and can be internal or external 
of rectal wall 236. 

I0085. In the method of the present invention for treating 
hemorrhoids 231, a solution is introduced into the vessels or 
blood vessels 256 forming the hemorrhoids to occlude blood 
flow to the enlarged portion 256a of the hemorrhoid. One 
preferred apparatus for introducing the solution into hemor 
rhoids 231 is a conventional syringe 261 having a barrel 262 
filled with any Suitable solution Such as the nonaqueous solu 
tion discussed above. A conventional elongate needle 263 is 
connected to syringe 261 for delivering the solution from 
barrel 262 into the hemorrhoid. Tubular needle 263 can be of 
a conventional type and, as such, provided with a single 
opening at the distal end thereof. Alternatively, needle 263 
can be similar to any of the needles described above. 
I0086. The nonaqueous solution is injected by the physi 
cian into blood vessel 256 in the vicinity of the enlarged 
portion 256a and preferably proximal of the enlarged portion 
256a. In this regard, the physician introduces the needle 263 
through anus 233 and into rectum 232 and thereafter causes 
the sharpened end of needle 263 to penetrate blood vessel 
256. The physician pushes down on the Syringe plunger to 
cause the desired preselected amount of nonaqueous solution 
to be introduced through the needle into the blood vessel. The 
optional contrast agent within the nonaqueous solution per 
mits the viewing of the nonaqueous Solution by means of 
fluoroscopy. The rate of injection of the nonaqueous solution 
into blood vessel 256 can range from 0.1 cc per minute to 10 
cc perminute. The amount of nonaqueous solution so injected 
into the blood vessel 256 can range from 0.05 to 10 cc and 
preferably range from 0.25 to 3 cc. 
I0087. Once the nonaqueous solution has been introduced 
into the blood vessel 256, the biocompatible polymer of the 
nonaqueous solution precipitates to form one or more discrete 
deposits or solid implants 266 in the hemorrhoid 231 (see 
FIGS. 11 and 12). The amount of nonaqueous solution 
injected into the hemorrhoid 231 for each implant can range 
from 0.05 cc to 10 cc. Although only a single implant 266 is 
shown as being created in the hemorrhoid 231, a plurality of 
implants 266 can be created in the hemorrhoid. The one or 
more implants 266 are formed in the vicinity of enlarged 
portion 256a and preferably proximal of the enlarged portion 
256a of the hemorrhoid 231. Each implant 266 is sized and 
shaped in a manner similar to implants 213 discussed above 
with respect to varices 208. More specifically, it is preferable 
that each implant 266 be sized and shaped to completely 
occlude the blood vessel 256 and thus preclude blood flow 
past the implant 266 (see FIG. 12). A saline or other aqueous 
or physiologic Solution can optionally be introduced into the 
blood vessel 256 for facilitating the dispersion of the DMSO 
or other biocompatible solvent present in the nonaqueous 
Solution. 
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I0088. The occlusion of blood vessel 256 caused by the 
implant 266 terminates blood flow beyond the implant and 
thus ceases any bleeding of the hemorrhoid 231 beyond the 
implant. Such cessation of blood flow eventually causes the 
hemorrhoid 231 to atrophy and disappear. The procedure 
hereof for treating hemorrhoids can be used in combination 
with ligatures. 
0089. Other apparatus can be utilized for treating hemor 
rhoids 231 in accordance with the method of the present 
invention. For example, apparatus of the type disclosed in 
U.S. patent application Ser. No. 09/286.245, the entire con 
tents of which are incorporated herein by this reference, can 
also be utilized in the method hereof. 
0090 The needle assembly of the present invention can 
have other configurations. For example, the needles disclosed 
herein can be provided with a plurality of lumens or passages 
extending longitudinally therethrough for permitting mul 
tiple liquids to be separately carried by the needle. In a further 
alternative embodiment, a plurality of needles can be intro 
duced through the working channels of any Suitable probe 
such as probe 22 or otherwise utilized in the methods dis 
closed herein. Each of such needles can be used to perform 
one or more of the steps of the invention. For example, sepa 
rate needles can be provided for the introduction of the non 
aqueous solution, for the introduction of the DMSO or other 
biocompatible solvent and for the introduction of the saline 
Solution or other physiologic or aqueous solution. 
0091. In addition, although the method and apparatus of 
the invention have been described as utilizing a biocompat 
ible polymer and a biocompatible solvent, the method and 
apparatus can be modified as necessary when other solutions 
Such as those containing prepolymers are utilized. It should 
be appreciated that the syringes or other reservoirs described 
herein can be manually operated, as shown, or automated. For 
example, a conventional single-speed, multi-speed, program 
mable or other syringe pump can be used for automation. 
Further, in procedures where no saline or similar solution is 
utilized, the saline solution Syringe and the related Saline 
solution fluid flow hardware need not be provided in the 
treatment device. 
0092. It should be appreciated that the implants of the 
present invention can be used as delivery vehicles for other 
materials such as radioisotopes, chemotherapeutic agents, 
anti-inflammatory agents and/or antibiotics. The optional 
contrast agent in the implants permits the implants to be 
monitored after completion of the procedure described above. 
Thus the stability of the implant and its configuration can be 
observed over time. Further procedures can be performed to 
Supplement previously formed implants. 
0093. From the foregoing, it can be seen that a minimally 
invasive method for injecting a material into a vessel of the 
gastrointestinal tract of a body to Substantially occlude the 
vessel has been provided. The injected material can be a 
nonbiodegradable material and, preferably, can be at least one 
solution which forms a solid in the vessel. The at least one 
Solution can include a solution from which a nonbiodegrad 
able solid precipitates. The solution is preferably a biocom 
patible polymer and a biocompatible solvent. 

1. A method for use in a body of a mammal having an 
internal wall forming a gastrointestinal tract to treat a blood 
vessel in the wall comprising forming an occlusion in the 
vessel so as to terminate blood flow to the vessel distal of the 
occlusion. 

2. The method of claim 1 wherein the step of forming an 
occlusion in the vessel includes introducing solution of a 
biocompatible polymer and a biocompatible solvent to form 
a non-biodegradable solid in the vessel. 
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3. The method of claim 2 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water insoluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

4. The method of claim 2 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water soluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

5. The method of claim 2 wherein the introducing step 
includes the steps of extending a needle into vessel and Sup 
plying the biocompatible polymer and the biocompatible sol 
vent through the needle into the vessel. 

6. The method of claim 5 wherein the introducing step 
includes the step of introducing the needle through the mouth 
and into the gastrointestinal tract. 

7. The method of claim 6 wherein the vessel is an enlarged 
Varix in the vicinity of the gastroesophageal sphincter. 

8. The method of claim 6 wherein the vessel is an ulcer in 
the gastrointestinal tract. 

9. The method of claim 5 wherein the introducing step 
includes the step of introducing the needle through the anus 
and into the anal canal of the gastrointestinal tract. 

10. The method of claim 9 wherein the vessel is a hemor 
rhoid in the anal canal. 

11. The method of claim 1 wherein the vessel is an enlarged 
Varix in the vicinity of the gastroesophageal sphincter. 

12. The method of claim 1 wherein the vessel is an ulcer. 
13. The method of claim 1 further comprising the step of 

forming at least one implant in the wall in the vicinity of the 
gastrointestinal tract to create a tamponade. 

14. The method of claim 1 wherein the vessel is a hemor 
rhoid in the anal canal. 

15. The method of claim 1 wherein the mammal is a 
human. 

16. The method of claim 1 further comprising the step of 
ligating a portion of the vessel. 

17. The method of claim 1 further comprising the step of 
introducing a clotting agent into the vessel. 

18. The method of claim 1 further comprising the step of 
cauterizing the vessel. 

19. A method for treating a varix in a gastrointestinal wall 
of a body of a mammal having a blood vessel in the wall 
leading to the Varix comprising forming an occlusion in the 
vessel so as to limit blood flow to the varix. 

20. The method of claim 19 wherein the step of forming an 
occlusion in the vessel includes introducing a solution of a 
biocompatible polymer and a biocompatible solvent to form 
a non-biodegradable solid in the vessel. 

21. The method of claim 20 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water insoluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

22. The method of claim 20 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
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percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water soluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

23. The method of claim 20 wherein the introducing step 
includes the steps of extending a needle into vessel and Sup 
plying the biocompatible polymer and the biocompatible sol 
vent through the needle into the vessel. 

24. A method for treating an ulcer in a gastrointestinal wall 
of a body of a mammal having a blood vessel in the wall 
leading to the ulcer comprising forming an occlusion in the 
vessel so as to limit blood flow to the ulcer 

25. The method of claim 24 wherein the step of forming an 
occlusion in the vessel includes introducing a solution of a 
biocompatible polymer and a biocompatible solvent to form 
a non-biodegradable solid in the vessel. 

26. The method of claim 25 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water insoluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

27. The method of claim 25 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water soluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

28. The method of claim 25 wherein the introducing step 
includes the steps of extending a needle into vessel and Sup 
plying the biocompatible polymer and the biocompatible sol 
vent through the needle into the vessel. 

29. A method for treating a hemorrhoid in a rectal wall of a 
body of a mammal having a blood vessel in the wall leading 
to the hemorrhoid comprising forming an occlusion in the 
vessel so as to limit blood flow to the hemorrhoid. 

30. The method of claim 29 wherein the step of forming an 
occlusion in the vessel includes introducing a solution of a 
biocompatible polymer and a biocompatible solvent to form 
a non-biodegradable solid in the vessel. 
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31. The method of claim 30 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water insoluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

32. The method of claim 30 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water soluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

33. The method of claim 30 wherein the introducing step 
includes the steps of extending a needle into vessel and Sup 
plying the biocompatible polymer and the biocompatible sol 
vent through the needle into the vessel. 

34. A method for use in a body of a mammal having an 
internal wall forming a gastrointestinal tract to treat a blood 
vessel in the wall comprising introducing a material through 
the gastrointestinal tract into the vessel to create an occlusion 
in the vessel and thus limit blood flow to the vessel distal of 
the occlusion. 

35. The method of claim 34 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water insoluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

36. The method of claim 35 wherein the solution of the 
biocompatible polymer and the biocompatible solvent has a 
composition comprising from about 2.5 to about 8.0 weight 
percent of a biocompatible polymer, from about 10 to about 
40 weight percent of a water soluble biocompatible contrast 
agent and from about 52 to about 87.5 weight percent of a 
biocompatible solvent. 

37. The method of claim 35 wherein the introducing step 
includes the steps of extending a needle into vessel and Sup 
plying the biocompatible polymer and the biocompatible sol 
vent through the needle into the vessel. 
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