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CHEMICAL ABLATION AND METHOD OF TREATMENT FOR VARIOUS
DISEASES

[001] This application claims priority to U S, Provisional Patent Application
No. 82/122,.818, filed Oclober 30, 2014, and U.S. Provisional Patent Application
No. 82/124,868, filed January 5, 2015, the disclosures of each of which are hereby
incorporated by reference.

[002] Embodiments of the present invention relate {o chemical infusion
devices, formuiations and methods of treatment for hypertension, pulmonary
hypertension, diabetes, obesity, heart failure, end-stage renal disease, digestive
diseases, cancers, tumors, pain, asthma and chronic obstructive pulmonary disease
{COPD). The devices can include a combination of a balloon and infusion catheter,
as well as other delivery devices. The formulations can include gases, vapors,
liguids, solutions, emulsions, and suspensions of one or more ingredients. The
methods involve delivery of the formulations {o targeted tissues in the human body
by chemical infusion,

[003] Hypertension, or high blood pressure, is a major global health concern.
An estimated 30 to 40% of the adult population in the world suffers from this
condition. Furthermors, ifs prevalence is expected to increase, especially in
developing countries. Diagnosis and treatment of hypertension remain suboptimal,
and most patients struggle to properly control blood pressure.

{004] Benign prostatic hyperplasia is a non—-cancerous enlargement of the
prostate gland, which affects more than 50% percent of men over the age of 60.
Early in life, the prostate is approximately the size of a walnut, weighing about
20 grams. Prostate enlargement, over time, is thought to be normal. With age, the
prostate gradually increases {0 at least twice its original size. Prostate growth causes
pressure o build against the neighboring urethra, leading o narrowing of this latter
organ, and ulimately resulting in urinary obstruction which makes urinating difficuit.

[005] Chronic obstructive pulmonary disease (COPD) is associated with two
major alrflow obsiruction disorders: chronic bronchitis and emphysema. Chronic

bronchitis results from inflammation of the bronchial airways. The bronchial airways
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connect the trachea to the lungs. Emphysema is a disease, which results from over-
inflation of alveoli, or the air sacs in the fungs. This condition causes shortness of
breath. Approximately 16 million Americans suffer from COPD, the majority of which
(80-90%) are lifetime smokers. COPD is a leading cause of death in the United
States.

[008] Asthma is a chronic respiratory disease characierized by excessive
narrowing of the airways and caused by inflammation of the airways, excess mucus
production and airway hyper responsiveness, This narrowing of the airways makes
breathing difficult and can significantly impact patients’ lives, limiting participation in
numerous activities. In severe cases, asthma atfacks can be life-threatening. To
date, there is no known cure for asthma.

[007] Chronic sinusitis (C8) resulls from inflammation of the membrane lining
in one or more paranasal sinuses and is typically associated with significant lissue
damage. Approximately 37 million cases of CS are reported annually to the Centers
for Disease Control and Prevention (CDC).

[008] Diabetes is a metabolic condition, or combination of conditions, where
an individual experiences high concentrations of blood glucose. The condition s
caused either by insufficient production of insulin within the body or by failure of cells
to respond properly o insulin. Glycated hemoglobin (HbA1¢) serves a marker of
plasma glucose concentration and is clinically used for the diagnosis of diabetes. . In
humans, normal HbA1c levels are typically < 6.0%, prediabetes HbA1¢c levels range
from 6.0 to 8.4%, and diabetes HbA1c levels excesd 8.5%.

{008] Diabetes is one of the leading causes of death and disability in the
United States and in other developsd couniries. t is associated with long-term
complications that affect almost every part of the body. It has been linked, for
instance, to blindness, heart and blood vessel disease, stroke, kidney failure,
amputations, and nerve damage.

[010] Within the United States, diabetes affects approximately 8 percent of
the population and has resulted in costs that approach $250 billion.

[011] Diabetes is typically classified as either type 1 (also referred {0 as

insulin-dependent diabetes or juvenile diabetes), wherein the patient fails to produce
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sufficient insulin, type 2 {also referred to as non-insulin-dependent diabsetes, adult-
onset diabstes, or obesity-related digbetes), wherein the patient fails to respond
properly to insulin, or gestational diabstes, a condition which develops late in
pregnant women.

1012] Type 2 diabetes is the most common form of diabetes, accourting for
90 t0 95 % of overall cases. It is generally associated with older age, obesity, family
history, previous history with gestational diabetes, and physical inactivity. ltis also
maore prevalent in certain ethnicities. Type 2 diabetes is also referred to as insulin-
resistant diabetes, as the pancreas typically produces sufficient amounts of insulin,
but the body fails to respond properly if. Symploms associated with type 2 diabetes
include fatigue, frequent urination, increased thirst and hunger, weight loss, blurred
vision, and siow healing of wounds or sores.

[013] Obssity is another significant health concern, particularly in the
developed world. It is a complex, multifactorial and chronic condition characterized
by excess body fat, which results from an imbalance between energy expendilure
and caloric intake. Although the causes of this imbalance are not completely
undersiood, genstic and/or acquired physioclogic events and environmental factors
are thought to contribute. The adverse health effects associated with obesity, and
more specifically morbid obesity, have become well-established in recent years.
Such adverse effects include, but are not limited to, cardiovascular dissase,
diabetes, high blood pressure, arthritis, and sieep apnea. Generally, as a patient's
body mass index (BMI) rises, the likelihood of suffering the adverse effects linked to
obesity also rises.

[014] The present invention provides new devices and methods for the
treatment of hypertension, diabetes, obesity, heart fallure, end-stage renal disease,
digestive disease, urological disease, cancers, tumors, pain, asthma and chronic
obstfructive pulmonary disease (COPD). The new methods involve chemical infusion
formulations and delivery systems and sirategies. The methods focus on formulation
delivery to diseased fissues in the human body and may improve treatment safety
and efficacy.
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[0158] Embodiments of the present invention are directed to the treatment of
hyperiension, diabetes, obesily, heart failure, end-stage renal disease, digestive
disease, cancers, tumors, pain, asthma and chronic obsiructive pulmonary disease
(COPD) by delivery of an effective amount of a formulation to diseased tissues. Such
formulations include gases, vapors, liquids, solutions, emulsions, and suspensions of
one or more ingredients, Methods inveive controlied delivery of the formulations to
iumen surfaces and tissues within the human body, resulting in modifications to
those areas. Such methods can lead to denervation of nerves and nerve endings in
the body lumens. The methods can also include the beneficial severing of nerves
and nerve endings in order to interrupt nerve communication. Temperature may
enhance the safety and efficacy of the treatment formulations. The temperature may
range from -40 to 140°C, from -30 to 100°C, or from -30 to 80°C. In some
embaodiments, the formulation comprises one of binary, ternary or guaternary
components, and may comprise more than four components. Methods of delivery
include a less invasive, percutanecus approach and a non-invasive approach.
Embodiments of the present invention provide a formulation and a delivery catheter,
which enhances absorption and penetration into body tissues and lumen nerves and
nerve endings.

1018] In one embodiment, at least one ingredient of the formulation is chosen
from water, saline, hypertonic saline, phenols, methanol, ethanol, absolute alcohol,
isopropanal, propanol, butanol, iscbutanol, ethylens glycol, glycerol, acetic acid,
lactic acid, propy! iodide, isopropyl iodide, ethyl iodide, methyl acetate, ethyl acetate,
sthyl nitrate, isopropy! acetate, ethyl lactate, urea, lipiodol, surfactants, and
derivatives and combinations thereof.

[017] In one embodiment, at least one ingredient of the formulation is a gas.
The gas includes one of oxygen, nitrogen, helium, argon, air, carbon dioxide, nitric
oxide, vapors of organic and incrganic compounds, water, phenol, methanol,
ethanol, absolute alcohol, isopropanc!, propandl, butancl, isobutanel, ethylene
glycol, giycerol, acetic acid, lactic acid, propyl iodide, isopropy! iodide, ethyl iodide,
methyl acetate, ethyl acetate, ethyl nitrate, isopropyl acetate, ethy! lactate, and

derivatives and combinations thereof
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{018] In one embodiment, at least one ingredient of the formulationis a
surfactant. The surfactant includes PEG laurate, Tween 20, Tween 40, Tween 80,
Tween 80, PEG oleate, PEG stearate, PEG glyceryl laurate, PEG glyceryl oleate,
PEG glyceryl stearate, polyglyceryl laurate, plyglyceryt oleate, polyglyceryl myristate,
polyglyceryl palmitate, polygiveeryl-6 taurate, plyglyceryi-6 oleate, polyglyceryi-8
myristaie, polyglyceryl-8 palmitate, polyglyceryl-10 laurate, plvglyceryi-10 oleate,
polyglyceryl-10 myristate, polyglyceryl-10 palmitate, PEG sorbitan monolaurate, PEG
sorbitan monolaurate, PEG sorbitan monooleate, PEG sorbifan stearate, PEG oleyl
ether, PEG lauray! ether, organic acid, salts of any organic acid and organic amine,
polyglycidol, glycerol, multiglycercls, galactitel, di{fethylene glycol}, tri{ethylene
glycol), tetra{ethylene glycol), penta(ethylene glycol), poly(ethylens giyeol)
oligomers, di{propylene glycol}, tri{propylene glycol}, tetra{propylene glycol),
penta(propylene glycol), poly{propylene glycol) oligomers, a block copolymer of
nolyethylene glycol and polypropylens glyeol, Pluronic, Pluronic 85, and derivatives
and combinations thereof,

[018] In one embodiment, the formulation includes atf least an oil, a fatty
acid, and/or a lipid. In some embaodiments, the at least oil, fatly acid, and/or lipid in
the formulation is chosen from butanoeic acid, hexanocic acid, octancic acid, decanoic
acid, dodecancic acid, tefradecanoic acid, hexadecanoic acid, octadecanoic acid,
octadecatrienoic acid, eicosanoic acid, sicosenocic acid, eicosatetraenoic acid,
gicosapentaenoic acid, docosahexasnoic acid, tocotrienol, butyric acid, caproic acid,
caprylic acid, capric acid, lauric acid, myristic acid, paimitic acid, paimitoleic acid,
stearic acid, oleic acid, vaccenic acid, lincisic acid, alpha-linolenic acid, gamma-
finclenic acid, behenic acid, erucic acid, lignoceric acid, natural or synthetic
phospholipids, mono-, di-, or triacylglycerols, cardiolipin, phosphatidylalycerol,
phosphatidic acid, phosphatidyicholine, alpha tocoferol, phosphatidylethanolamine,
sphingomyelin, phosphatidylserine, phosphatidylinositol,
dimyristoyiphosphatidyicholine, dioleoyiphosphatidylcholing,
dipaimitoyiphosphatidyicholine, distearoyiphosphatidylcholing,
phosphatidylethanolamines, phosphatidyiglycerols, sphingolipids, prostagiandins,

gangliosides, necbes, niosomes, and derivatives thereof.
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[020] in another embodiment, the formulation includes a therapeutic agent or
drug for nerve denervation. The therapeutic agent includes one of scdium channe!
blockers, tetrodotoxins, saxiloxins, decarbamoyl saxitoxing, vanilloids, neosaxitoxins,
lidocaines, conotoxing, cardiac glycosides, digoxing, glutamates, staurosporines,
amicdipines, verapamils, cymarins, digitoxing, proscillariding, quabains, veratridines,
domeic acids, ethanocls, cleandrins, carbamazepines, aflatoxing, guanethidines, and
guanethidine sulfates. In another embodiment, the formulation includes a contrast
agent for imaging nerve denervation. Such contrast agents inciude one of joding,
ethyl iodide, sodium iodide, lipicdol, nonoxynol iodine, iobitridol, ichexol, iomeprol,
iopamidol, iopentol, iopromide, ioversol, ioxilan, iotrolan, iodixanol, ioxaglate, and
their derivatives.

[0211 In one embodiment, the formuiation includes an azeotrope. An
azeotrope Is a mixiure of two or more ingredients that cannot be altered by simple
distillation. This happens because the vapor produced upon boiling has constituents
nroportional to those of the original mixture. Potential formuiation azectropes include
ethanoliwater, ethanoliwater/contrast agent, ethanol/water/surfactant,
ethancl/water/contrast agentsurfactant, propanolfwater, isopropanol/water,
butanol/water, acetic acid/water, and their combinations.

10221 In one embodiment, the formulation is in 8 gaseous or vapor state and
includes one or more ingredients. The vapor or gas formulation can include one of
oxygen, nitrogen, helium, argon, air, carbon dioxide, nitric oxide, water, phenol,
methanol, ethanol, absolute alcohol, isopropanal, propanol, butanol, iscbutanol,
ethylene glycol, glycerol, acetic acid, lactic acid, propy! iodide, isopropyt iodide, ethyl
fodide, methy! acetate, ethyl acetate, ethyl nitrate, isopropyt acetale, ethyl lactate,
and mixtures thereof. in one embodiment, the vapor formulation includes one of
binary, ternary or quatermary components, and may comprise more than four
components. The vapor formulation can include an azeotrope or a contrast agent,
such as lipiodol or lodine, and may include a surfactant and/or a therapeutic agent.
The elevated temperature of the vaper formulation may range from 0°C to 140°C,
from 15°C to 100°C, or from 20°C to 85°C.

B
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(0231 In one embodiment, the formulation is in a liguid state and includes one
or more ingredients. The liquid formulation may include one of water, saline,
hypertonic saline, phenol, methanol, ethanol, absolute alcohol, isopropanc,
propancl, butanol, iscbutano!, sthylene glyeol, glycerol, acetic acid, lactic acid, propyl
iodide, isopropyl iodide, ethyl iodide, lipiodol, methyl acetate, ethyi acetats, ethyl
pitrate, isopropy! acetate, sthyl lactate, urea, surfactant, and others. The liguid
formulation may include an azeotrope, contrast agent and/ora therapeutic agent. In
one embodiment, the formulation may include one of binary, ternary, or qualernary
components, and may also include more than four components. In some
embodiments, the liquid formulation temperature may range from -40°C to 140°C,
from -30°C to 100°C, or from -20°C to 80°C. The fiquid formulation may include a
solution, a suspension, and an emulsion.

[024] In one embodiment, the method for treatment of diseases includes
inserting a delivery catheter percutaneously and/for transorally into the diseased
tissues in the human body; using the catheter {o infuse a therapeutic formulation into
the tissues of the body, wherein the amount of the formulation delivered is effective
te injure or damage the tissues, such as, for instance, by lowering bicod pressure,
reducing glucoese level and relieving shortness of breath; optionally removing the
formulation; and, lastly, withdrawing the delivery catheters from the body. The
diseases for this treatment include one of hypertension, pulmonary hypertension,
diabetes, obesity, heart fallure, end-stage renal disease, digestive disease, cancers,
tumors, pain, asthma and chronic obstructive pulmonary diseass (COPD). The body
fumen applicable to such a treatment include renal areries and veins, pulmonary
arteries, vascular lumens, celiac arteries, commeon and proper hepatic arteries,
gastroduodenal arteries, right and left hepatic arteries, splenic arteries, right and left
gastric arteries, nonvascular lumens, airways, the sinus, the esophagus, respiratory
iumens, digestive lumens, the stomach, the duocdenum, the jejunum, cancers,
fumors, pain, and urological lumens. The digestive lumens applicable to such a
treatment include the esophagus, the stomach, the duodenum, the jejunum, the
small and large intestines, and the colon. The formulations applicable to such a

treatment include gases, vapors, liguids, solutions, emuisions, and suspensions of

w7



WO 2016/070032 PCT/US2015/058296

one or more ingredients. If the formulation comprises vapors of one or more
ingredients, the heat can be generated by condensation of the vapors into liquids in
the tissue. If the formulation comprises liquids or solutions, the cooling or heat can
be generated from formulation temperatures that fall below or exceed body
temperature. The liquid formulation temperature may range from -40°C to 140°C,
from -30°C to 100°C, or from -20°C to 80°C. In one embodiment, the formulation
temperature may equal that of room temperature. In one smbodiment, the
formulation temperature may range from -40°C o -20°C. In another embodiment, the
formulation temperature may range from 18°C to 80°C. In one embodiment, the
formulation temperature may equal that of body temperature. {n ancther
embodiment, the formulation temperature may range from 50°C to 80°C. In another
embodiment, the temperature of the reated lissue may be lower than the formulation
temperature and higher than body {emperature. The temperature of the freated
tissue may range from -40°C to 100°C, from -30°C to BO°C, or from -20°C 1o 80°C. In
one embodiment, the temperature of the treated tissue may range from -40°C to ~
20°C. In another embodiment, the temperature of the freated tissue may range from
18°C to 80°C. In one embodiment, the temperature of the treated tissue may squal
that of body temperature. In ancther embodiment, the temperature of the treated
tissue may range from 50 to 80°C. The delivery catheter applicable to such a
treatment includes a needie or nesdie-based catheter under imaged guide. The
imaged guide includes one of ultrasound, X-ray, CT scan, MRI, OCT or scopes. The
delivery catheter can also be balloon-based. Such balloon-based catheters can have
single, double or triple balloons. The delivery catheters can also be infusion-based.
The combination of a balloon and infusion catheter can also be used in the
procedure. In one embodiment, the method includes flushing from a catheter distal
tip like wire lumen {o protect and {o dilute the migrated chemical, and to prevent the
runaway chemical from entering the distal portion of the untrealed area; flushing
from infusion catheter; flushing from endoscope; removing or withdrawing the
formulations from body tissues and lumens following treatment, and flushing the

target area post-treatment with saline.
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[025] Htis understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not

restrictive of the present invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[026] Figure 1 is an exemplary embodiment of a perspective view of a double

balioon delivery catheter according to the present invention.

0277 Figure 2 is an embodiment of a side view of a distal portion of an
expanded dumbbell balloon.

[028] Figure 3A is an embodiment of a side view of an infusion balloon with
holes on the balloon wall for chemical agent delivery.

[029] Figure 3B is an embodiment of a side view of 3 chemical agent delivery
system positioned in a body lumen with an expanded balloon, the chemical agent
being confined mostly in between two large diameter segments.

[030] Figure 4A is an embodiment of a side view of an infusion device with a
chemical agent delivery tube attached {o a balloon.

{031} Figure 48 is an embodiment of a side view of a dumbhbeli balloon
infusion device with a tapered transition from larger to smaller diameter, and a
chemical agent delivery tube attached.

{032] Figure SAis an smbodiment demonstrating formulation infusion to an
alrway using a single balloon delivery catheter.

033] Figure 5B is an embodiment demonstrating formulation infusion to an
airway using a double balloon delivery catheter.

[034] Figure 8C is an embodiment demonsirating formulation infusiontc a
renal artery using a double balioon delivery catheter.

[035] Figure 6 is an embodiment of a partial cross-sectional view of a double
balioon delivery catheter in a body lumen,

[038] Figure 7 is an embodiment of a partial cross-sectional view of a tri-

balioon on a multi-lumen shaft with an inflation lumen and an agent delivery lumen.
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[037] Figure 8Ais an embodiment of a partial cross-sectional view of a tri-
balicon-combined infusion device with a reduced unoccupied space between two
larger diameter balloons in an expanded state.

[038] Figure 8B is an embodiment of a partial cross-sectional view of a tri-
balloon infusion device with differing balloon waist orientations for balioon
attachment on a shafl.

[039] Figure 9A is an embodiment of a partial cross-sectional view of an
expanded double-balloon infusion device with infusion port(s) between the balloons.

[040] Figure 9B is an embodiment of a partial cross-sectional view of an
expanded double-balloon infusion device with a tapered diameter change and a
smalier diameter in the middle section of the double-halloon.

{0411 Figure 8C is an embodiment of a partial cross-sectional view of an
expandable double-balloon infusion device with combined two-stage balloons and a
smatller diameter in the middie section of the double-balloon assembly.

[042] Figure 10A is an embodiment of a fermulation infusion to the left gastric
arteries with a single balloon delivery catheter.

[043] Figure 10B is an embodiment of a formulation infusion to the hepatic
arteries with a single balloon delivery catheter.

[044] Figure 11 is an embodiment of a formulation infusion to the duodenum
with a friple-balioon delivery catheter.

[045] Figure 12 is a bar graph demonstrating norepinephrine (NE) reduction
foliowing renal denervation in ethanol- vs. control-treated groups.

1046} Figure 13 is a curve demonstrating weight change following duodenal
freatment with an acetic acid agent.

[047] Figure 14 is a curve demonstrating weight change following duodenal
treatment with an ethanol agent,

048] Figure 15 is an embodiment of a metal infusion tube with Bard triangle
features {as shown by white arrows).

i049] Figure 16 is a histopathologic image demonstrating severed renal

nerves {as shown by black arrows) following ethanol treatment.
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DESCRIPTION

{0507 Embodiments of the present invention are directed to the treatment of

disease by delivery of an effective amount of formulation {o target tissues in a body
lumen. The disease may be one of hyperiension, pulmonary hypertension, diabetes,
obesity, heart failure, end-stage renal disease, digestive disease, cancers, tumors,
pain, asthma or chronic cbstructive pulmonary disease (COPD). The cancers include
adrenal, bladder, cervical, colon, esophageal, gallbladder, kidney, liver, lung,
ovarian, pancreatic, prostatic, rectal, stomach, and uterine. The formulations include
gases, vapors, Hauids, solutions, emulsions, and suspensions of one or more
ingredients. The methods involve delivery of the formulations to lumen surfaces,
fissues and nerves in the human body in order to modify such surfaces, tissues and
nerves. The body lumen include & renal artery and a vein, a pulmonary artery, a
vascular lumen, a celiac arlery, a commaon hepatic artery, a proper hepatic artery, a
gastroduocdenal artery, a right hepatic artery, a left hepatic artery, a splenic artery, a
right gastric artery, a left gastric artery, a blood vessel, a nonvascular lumen, an
alrway, a sinus, an esophagus, a respiratory lumen, a digestive lumen, a stomach, a
duodenum, a jejunum, a cancer tissue, a tumor, and a urclogical lumen. The
digestive lumens include the esophagus, the stomach, the duocdenum, the jejunum,
the small and large intestines, and the colon. The temperature may enhance the
safety and efficacy of treatment formulations. The temperature may range from -
40°C to 140°C, from -30°C to 100°C, or from -20°C to 80°C. The temperature of the
treated tissue may be different from the formulation temperature. The temperature of
the treated tissue may range from -40°C to 100°C, or from -30°C to 80°C. The
amount of formulation and energy delivered may be effective to injure, damage or
eliminate diseased tissues, such as, for instance, by lowering blood pressure,
shrinking tumors, refieving pain, or relieving symptoms of asthma and COPD. The
energy or heat can enhance the injury/damage/elimination effect by accelerating the
reaction rate between the formulation and tissues. Methods of delivery include
delivery of the formulations to ablate nerves that surround the human body lumens.
Such methods include removing or withdrawing the formulations from the tissue or

lumen after treatment.
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{0511 In one embodiment, the formulation is a single chemical or one of
binary, fernary, or quaternary components, and may also include more than four
components. In one embodiment, the delivery system may include less invasive
percutaneous approaches or non-invasive approaches. Embodiments of the present
invention include a formulation comprising one or more ingredients that enhance
both surface modification of the body iumen and absorplion and penetration into
tissues and nerves and nerve endings of the body lumens,

[052] In one embodiment, the ingredient of the formulation is chosen from
water, saline, hyperionic saling, phenol, methanol, ethanol, absolute alcohol,
isopropanol, propanol, butanol, iscbutancl, ethylene glycol, glycerol, acetic acid,
lactic acid, propyl iodide, isopropy! iodide, ethyl iodide, methyl acetate, ethyl acetate,
ethyl nitrate, isopropy! acetate, sthyl lactate, urea, lipicdel, surfactant, and
derivatives and combinations thereof.

(053] In one embodiment, the ingredient of the formulation includes a gas.
The gas can be chosen from oxygen, nitrogen, helium, argon, air, carbon dioxide,
nitric oxide, vapors of organic and inorganic compounds, water, phenol, methanal,
gthanol, absolute alcohol, isopropanol, propanol, butanol, iscbutanal, ethylene
glveol, glycerol, acetic acid, lactic acid, propy! lodide, isopropyl iodide, ethyl iodide,
methyl acetate, ethyl acetate, sthyl nitrate, isopropy! acetate, ethyl lactate, and
mixtures thereof.

1054] In one embodiment, the ingredient in the formulation includes a
surfactant. In some embodimenis, the surfactant is chosen from PEG laurate, Tween
20, Tween 40, Tween 60, Tween 80, PEG oleate, PEG stearate, PEG glyceryl
laurate, PEG glyceryl oleate, PEG glyceryl stearate, polyglyceryl laurate, plyglyceryl
oleate, polyglyceryl myristate, polyglyceryl palmitate, polyglyceryl-6 laurate,
plyglyceryi-8 oleate, polyglyceryl-6 myristate, polyglyceryl-6 palmitate, polyglyceryl-
10 laurate, plyglyceryl-10 oleate, polyglyceryl-10 myristate, polyglyceryl-10 paimitate,
PEG sorbitan monolaurate, PEG sorbitan monolaurate, PEG sorbitan monocleatle
PEG sorbitan stearate, PEG oleyl ether, PEG laurayl ether, organic acid, salts of any
organic acid and organic amine, polyglycidol, glycerol, multiglycerols, galactital,
difethylene glycol), tri(ethylene glycol), tetra(ethylene glycol), pentalethylene glycol),
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poly{ethylens glycol) cligomers, di{propylene glycol), fri{propylene glycol),
tetra(propylene glycoll, pentai{propylene glycol), polyv{propyiene glycol) oligomers, a
block copolymer of polysthylene glycol and polypropylene glyeol, Pluronic, Pluronic
85, and derivatives and combinations thereof. In some embodiments, the content of
the surfactant in the formulation may range from 0.1% by weight to 80% by weight,
from 0.5% by weight to 50% by weight, or from 1% by weight to 15% by weight.

{0581  In one embodiment, the formulation includes atleastone of anoll, a
fatly acid, and/or a lipid. The at least one of an oil, a falty acid, and a lipid in the
formulation is chosen from butanoic acid, hexanoic acid, octancic acid, decanoic
acid, dodecanoic acid, tefradecancic acid, hexadecanoic acid, octadecanoic acid,
octadecatrienocic acid, eicosanoic acid, sicosencic acid, sicosatetraencic acid,
gicosapentasnoic acid, docosahexaenoic acid, tocotrienal, butyric acid, caproic acid,
caprylic acid, capric acid, lauric acid, myristic acid, paimitic acid, palmitoleic acid,
stearic acid, oleic acid, vaccenic acid, linoleic acid, alpha-linclenic acid, gamma-
finolenic acid, behenic acid, erucic acid, lignoceric acid, natural or synthetic
phospholipids, mono-, di-, or friacylglycerols, cardiolipin, phosphatidylglycerol,
phosphatidic acid, phosphatidyicholing, aipha tocoferol, phosphatidylethanolamine,
sphingomyelin, phosphatidyiserine, phosphatidylinositol,
dimyristoyiphosphatidyicholine, dioienyiphoa;ﬁhaﬁdyichaiine,
dipalmitoyliphosphatidyicholine, distearoyiphosphatidyicholine,
phosphatidyiethanolamines, phosphatidyiglycercls, sphingolipids, prostaglandins,
gangliosides, necbee, niosomes, and derivatives thereof.

[056] in ancther embodiment, the formulation includes a therapeutic agent or
drug for nerve denervation and surface modification. The therapeutic agent is one of
sodium channel blockers, tetrodotoxins, saxitoxing, decarbamoy! saxitoxins,
vanifioids, neosaxitoxins, lidocaines, conotoxins, cardiac glycosides, digoxins,
glutamates, staurcsporines, amiodipines, verapamils, cymarins, digitoxins,
proscillariding, quabains, veratridines, domoic acids, ethanols, oleandrins,
carbamazepines, aflatoxins, guanethidines, or guansthidine sulfates. in ancther
embodiment, the formulation includes a contrast agent for imaging nerve

denervation. Such contrast agents include iodine, ethy! icdide, sodium iodide,
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lipiodol, nonoxynol iodine, iobitridel, ichexol, iomeprol, iopamidol, iopentol,
iopromide, ioversol, joxilan, ictrolan, jodixancl, ioxaglate, and their derivatives. The
content of the contrast agent in the formulation may range from 2 {0 25% by weight,
or from 5 1o 15% by weight.

(0571 In one embodiment, the formulation includes an azeotrope. An
azeotrope is a mixture of two or more ingredients that cannot be altered by simple
distillation. This happens because the vapor produced upon bolling has constituents
proportional to those of the original mixture. The azeotrope is chosen from
sthanol/water, sthanol/water/contrast agent, ethanoliwater/surfactant,
ethanol/water/contrast agent/surfactant, propancl/iwater, iso-propancliwater,
butanolfwater, and acetic acid/water.

[058] In one embodiment, the formulation is in a gaseous or vapor state,
including one or more ingredients. [n ons embodiment, the gas or vapor formulation
includes one of oxygen, nitrogen, helium, argon, air, carbon dioxide, nitric oxide, and
vapors of organic and inorganic compounds. The vapors of the organic and inorganic
compounds include one of water, phenol, methanol, ethancl, absolute alcohal,
isopropanol, propanol, butansl, iscbutanocl, ethylene glveol, glycerol, acetic acid,
lactic acid, propyl iodide, isopropy! iodide, ethyl iodide, methyl acetale, ethyl acetate,
ethyl nitrate, isopropyl acetate, ethyl lactate, and their mixtures.

[059] In one embodiment, the vapor formulation includes at ieast onea
contrast agent, such as lipiodol or iodine, or an azeotrope, and may also include a
surfactant and/or a therapeutic agent. In one embodiment, the vapor is one of binary,
ternary, or quaternary components, and may also include more than four
components. The vapor formulation temperature may range from 0°C to 140°C, from
15°C to 100°C, or from 30°C to 80°C.

[080] In one embodiment, the formulation is In a liquid state, including one or
more ingredients. The figuid formulation includes one of water, saline, hypertonic
saline, phenol, methanol, ethanol, absolute alcohol, isopropanol, propano!, butanal,
isobutanol, ethylene glycol, glycerol, acetic acid, lactic acid, propyl icdide, isopropyt
iodide, ethyl iodide, lipiodol, methyl acetate, ethyl acetate, ethyl nitrate, isopropyt

acetate, ethy! lactate, urea, surfactant, and others. In one embodiment, the liquid
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formulation includes a contrast agent and/or an azeotrope, and may also include a
therapautic agent. in one embaodiment, the liquid formulation is one of binary,
ternary, or guaternary components, and may aiso include more than four
compoenents. in one embodiment, the liquid formulation includes a solution, an
emulsion, or a suspension. The liquid formulation femperature may range from -40°C
to 140°C, from -30°C to 100°C, or from -30°C to 80°C. In one embodiment, the
formulation temperature may be room temperature. In one embodiment, the
formulation temperature may range from -40°C to -20°C. in another embodiment, the
formulation termperature may range from 15 C to 80°C. iIn one embodiment, the
formulation temperature may be equal fo body temperature. In another embodiment,
the formulation temperature may range from 50°C to 80°C.

[0681] in one embodiment, the method for treatment of disease includes
inserting a delivery catheter percutaneously or fransorally into the body, using the
catheter to infuse a formulation to diseased tissues or lumens in the body, optionally
removing or withdrawing the formulation from the diseased tissue or body lumen,
and, lastly, withdrawing the delivery catheters from the body. The diseases for
treatment include hypertension, pulmonary hypertension, diabetes, obesity, heart
failure, end-stage renal disease, digestive disease, urological disease, cancers,
tumors, pain, asthma and chronic obstructive pulmonary disease (COPD). The
cancers include adrenal, bladder, cervical, colon, esophageal, galibladder, kidney,
liver, lung, ovarian, pancreatic, prostatic, rectal, stomach, and uterine. The body
iumen include renal arteries, vascular lumens, celiac arleries, common and proper
hepatic arteries, gastroduodenal arteries, right and left hepatic arteries, splenic
arteries, right and left gastric arteries, nonvascular lumens, airways, sinuses, the
esophagus, respiratory lumens, digestive lumens, the stomach, the duodenum, the
iejunum, and urological lumens. The digestive lumens include the esophagus, the
stomach, the duodenum, the jejunum, the small and large intestines, and the colon,
The formulations include gases, vapors, liquids, solutions, emulsions, and
suspensions of one or more ingredients. In embodiments where the formulation
includes vapors of one or more ingredients, the heat can be generated by

condensation of the vapors into liquids in the tissue. In embodiments where the
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formulation includes liquids or solutions, cooling or heat can be generated from
formulation temperatures that fall below or exceed body temperatures. The liguid
formulation temperature may range from -40°C to 140°C, from -30°C to 100°C, or
from-30°C to B0°C. in one embodiment, the temperature of the treated tissue may be
different from the formulation temperature and lower or higher than body
temperature. The temperature of the freated tissue may range from 15°C io 100°C,
from 20°C to 80°C, or from 36°C fo 80°C. In another embodiment, the temperature of
the treated tissue may range from -40°C to -20°C. In some embodiments, the
delivery catheter is a needle or a needie-based catheter under imaged guide. The
imaged guide is one of ulirasound, X-ray, CT-scan, MRI, OCT or scopes. The
delivery catheter can also be balloon- or infusion-based. Balloon-hased catheters
can have single, double or triple balloons. Infusion catheters can have a dumbbell
palioon. Typlcally, there are three sections of the dumbbell infusion balloon:
proximal, distal and middie. The middle section has a smalier diameter with or
without infusion holes, and the proximal and the distal sections of the balloon have a
larger diamster without infusion holes. The infusion is from an expandable catheter
component if the middle section of a dumbbell balloon has holes (FIGS. 3A and 3B)
and is defined as an expandable infusion method. The initial infusion pressure may
range from 0.1 atm to 14 atm, from 1 atm to 10 atm, or from 3 atm to 8 atm,
depending upon applications. The infusion time may range from 0.1 minutes to 2
hours, from 0.5 minute to 30 minutes, or from 1 minute to 10 minutes. During the
infusion time period following initial infusion pressure, the balloon pressure may be in
a range from 0.1 atm to 3 atm, from 0.1 atm {o 2 atm, and from 0.3 atm {o 1 atm. The
formulation infusion temperature may range from -40°C to 150°C, from -30°C to
100°C, or from -20°C to 80°C.

[062] In one emboediment, the infusion feature can be made from a
hypotube/tube, either made of plastics or metals, which is attached to a no-hole
dumbbell-type balloon catheter. The infusion is from a non-expandable catheter
component when treatment formulation is delivered through holes on the
hypotube/ftube and the hypotube/tube is moving with the balloon towards the vessel
wall: this infusion is defined as a hybrid method including the combination of non-
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expandable and expandable infusion methods. Typically, the hole section of the
hypotubefiube is aligned along the middie section of the dumbbeil balloon to contral
the location of formulation flow.

{063] In another embodiment, the infusion lumen can be placed inside the
catheter shaft, such as in the multi-lumen shaft for the non-expandabie infusion
method. In this case, holes are located on the non-expandable section between the
balloons on the shaft (FIGS. 7, 8A-8B, BA-8C). More detalled examples of the
device, such as double-balloon and triple-balloon infusion catheters, are shown in
the following sections.

{0641 In one embodiment, the metal hypotube ¢an have a Bard triangle
feature, which will enhance the diffusion of a formulation by creating very small holes
inside the vessel wall or in the tissues. The height of the Bard triangle can range
from 0.25 to 2 mm. This infusion method is a hybrid method.

{0857 in one embodiment, the formulation comprises ethanol. This
formulation can be delivered to the tissues of the body lumen as vapor or liguid. The
vapor or fiquid formulation temperature may range from -40°C to 150°C, from -30°C
to 100°C, or from -20°C to 80°C. The temperature of the tissue may rangs from -
40°C to 80°C, or from -30°C to 80°C. In one embodiment, the formulation consists
essentially of ethancl. In one embodiment, the formulation consists of ethancl.

[088] In one embodiment, the formulation is a mixture of ethanocl and water.
The ethanol content can range from 10 to 160% by weight. This formulation can be
delivered o the tissues of the body iumen as vapor or liquid. The vapor or Higuid
formulation temperature may range from -40°C to 150°C, from -30°C to 100°C, or
from -20°C to 80°C. The temperature of the tissue may range from -40°C to 90°C,
from -30°C to 80°C. The ethanol/water formulation may be a positive azectrope. The
azeotrope may be 85.63% ethanol and 4.37% water by weight. Ethanol boils at
78.4°C, water boils at 100°C, and the azeotrope bolls at 78.2°C, which is lower than
gither of its constituents. 78.2°C is the minimum temperature at which any
ethanol/water solution can boil at atmospheric pressure.

[087] In another smbodiment, the formulation is a mbdure of vapors

comprising water, ethanol and oxygen. In another embodiment, the formulationis a
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mibture of vapors comprising water, ethanol and air. In ancther embodiment, the
formulation is a mbdure of vapors comprising water, ethanol, oxygen and nitrogen.
The formulations with oxygen and air are especially useful for treating asthma and
COPD.

[088] In another embodiment, the formulation is a mixiure of vapors
comprising waler, ethanol and iodine, wherein an effective amount of the iodine
vapor is included 50 as to be able to image the mixture of vapors in the wall of the
body lumen. In another embodiment, the formulation is a mixture of liquids
comprising water, ethanol and a surfactant. In ancther embodiment, the formulation
is a mixture of liquids comprising water, sthanol and a conirast agent, wherein an
effective amount of the conifrast agent is included 50 as {0 be able to track the
mixture in the wall of the body lumen by X-ray. The contrast agent is one of iodine,
sthyl icdide, sodium iodide, lipiedol, nonoxynol iodine, iobitridol, iohexol, iomeprol,
iopamidol, iopentol, iopromide, ioversol, ioxilan, iotrolan, iodixanol, ioxaglate, and
derivatives thersof. The content of the contrast agent in the formulation may range
from 2 to 20% by weight, or from § to 15% by weight.

[088] In one embodiment, the formulation is a mixture of acetic acid and
water. The acetic acid content of the formulation may range from 1 to 100% by
weight, from 10 to 78% by weight, or from 20 to §0% by weight. The formuiation may
be delivered to tissues of the body lumen as vapors or fiquid. The vapor or Hguid
formulation temperature may range from ~40°C to 100°C, from -30°C to 100°C, or
from -30°C to 80°C. The temperature of the tissue may range from -30°C to 80°C,
from 80°C to 80°C or from -30°C {0 -20°C. The temperature of the tissue may range
from -40°C to 0°C, or from -30°C to -20°C. The acetic acid content in the formulation
may range from 2% by weight to 75% by weight, or from 10% by weight to 80% by
weight.

10701 in another embodiment, the formulation is a mixture of liquids
comprising ethano!l and lipiodot (LIPIODOL ULTRA-FLUIDE), wherein an effective
amount of lipiodol is included so as to be able to image the mixture of vapors in the
wall of the body lumen and to also injure the target nerve tissue. The lipiodol content
of the formulation may range from 10% by weight to 80% by weight, from 15% by
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weight o 75% by weight, or from 20% by weight to 50% by weight. In another
embodiment, the formulation is a mixture of liquids comprising water and lipiodel.
The lipiodol content of the formulation may range from 10% by weight to 80% by
weight, from 15% by weight to 75% by weight, or from 20% by weight to 50% by
weight. In another embodiment, the formulation is a mixture of liquids comprising
acetic acid and lipiodol. The content of lipiodol in the formulation may rangs from
10% by weight to B0% by weight, from 15% by weight to 78% by weight, or from
20% by weight to 50% by weight.

[071] Inone embodiment, a delivery catheter is used in the invention to
infuse the formulation to the tissues of the human body. The delivery catheter is a
needie or needie based catheter under X-ray or ultrasound-imaged guide. The
delivery catheter can be balloon-based with single, double or friple balicons. The
delivery catheters can also be infusion-based. The combination of balloon and
infusion catheter can also be used in the procedure. The balloon in the infusion
system should be able to confine the formulation within the balloon well and
appropriately control the formulation volume.

[072] in one embodiment, a dilating halloon catheter is used in the invention
for delivery of active materials to a target location in the body lumen of g patient, the
difating balioon catheter comprising a proximal end, a distal end, a wire, a lumen, a
balioon inflation lumen, a formulation infusion lumen and/or a vacuum lumen, an
expandable balloon section and a non-expandable shaft section, wherein the
expandable balloon section comprises at least one section and the non-expandable
shaft section comprises at least one section, at least one first section of the
expandable section and/or the non-expandable section having a plurality of voids,
whearein the voids are micro-holes, and at least one second section of the
gxpandable section and/or the non-expandable shaft section having no voids. The
expandable section or non-expandable section of the dilating balloon catheler has at
least one void that allows the formulation to penetrate into the wall of the body umen
at a pressure higher than that of the body lumen. The expandable section or non-
expandable section has no void that allows the balloon to dilate the body lumen at a
pressure higher than that of the body lumen.
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[G73] As shown in FIG, 1) a delivery catheter 10 has an slongated shaft 11
with at least one inner lumen, a distal end 13, and a proximal end 14. At the distal
end 13 are proximal 20 and distal 21 lumen-conforming balloons. In any
configuration, the tubing of the catheter shaft 11 may be exiruded from plastic
materials, .g. thermoplastics, polyvimides, polyetherimides, polyethyienes,
polyursthanes, polyesters, polvamides, Pebax, nylons, fluorinated polyurethanes,
polyether ether ketones, polysulfones, or the like, The catheter shaft 11 may be
extruded or formed with a variely of lumen cross-sections, including circular or elliptic
fumens. Further, as shown in FIG. 1, the catheler 10 may be eguipped with a distal
balicon inflation port 40 for inflation of the distal balloon 21 and a proximal balioon
inflation port 41 for inflation of the proximal balloon 20, rendering the proximal 20 and
distal 21 balloons separately inflatable. The lumen-conforming balloons are balloons
that can be inflated at a pressure less than that needed to deform the lumen wall,
The balioon material is selected o be flexible and usable at high temperatures, such
that the balloon, when infiated, is compliant. In one embodiment, the balloon material
is one of polvamides, nylons, Pebax, polyesters, polyethylene teraphthalates or their
copolymers. The diameter of the balloons can range from about 2 millimeters {o
about 40 milimeters, depending on the diameter of the treatment site. Inone
embodiment, the diameter of each balloon is about 2 millimeters ("mm").
Alternatively, the diameter of each balloon is about 3 millimeters, or, alternatively,
about 4 millimeters, or, alternatively, about & milimeters, or, alternatively, about 6
millimeters, or, alternatively, about 7 miliimeters, or, alternatively, about 8
millimeters, or, alternatively, about 9 millimeters, or, alternatively, about 10
millimeters, or, alternatively, about 12 millimeters, or, alternatively, about 15
millimeters, or, alternatively, about 20 millimeters, or, alternatively, about 25
millimeters, or, alternatively, about 30 millimeters, or, alternatively, about 35
millimeters, or, alternatively, about 40 miliimelers

[074] In one embodiment, at least one marker band 22b is located proximally
to the proximal balloon 20 and at least one marker band 23a is located distally to the
dista! balloon 21. The balloon catheter may be a rapid exchange or over-the-wire

catheter made of any suitable biocompatible material. Marker bands can also be
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positionad on the other ends of balicons (22a and 23b). 25 is the segment in
between balloons 21 and 21 with at least one infusion hole. 30 is the non-
expandable section; 31 and 32 are micro-voids or holes; 24 is the shaft proximal to
the halioon section. 40 and 41 are the ports for balloon inflation for the distal and
proximal halloons, respectively. 42 is the infusion port for chemical formulation.

[078] The material of balloon 20 and 21 is made of one of polyesters,
polyarnides, nylon 12, nylon 11, polyamide 12, block copolymers of polyether and
volyamide, Pebax, polyurethanes, or biock copolymers of polyether and polyester.
The diameter of balloon 21 is equal {o or less than that of balloon 20.

[078] In one embodiment, a schematic dumbbell balloon is shown in FIG. &
In an expanded state, its middie diameter D2 is smaller than both of its end
diameters D1 and D3. D1 and D3 can be equal in length or different. £ach diameter
section has its own length, L1, L2 and L3, respectively. For simple lllustration, a
dumbbell-type balloon Is used for the descriptions below. However, other similar-type
balloons like a multi-groove balloon, in which the grooves are located in the middle
section of the balloon, can achieve the same feature/function. The design of the
dumbbell-type balloon shape aliows for the balloon to have better infusion volume
confrol and formulation location control inside the targeled vessel because the two
larger ends block the formulation flow path. In one embodiment, the delivered
formutation will be confined mostly to the middie section of the smaller diameter, as
shown in FIG. 2. A controlled treatment dosage is required for procedural safety,
which means that the diameter ratio between the larger and smaller diameters on the
dumbbell balloon is determined by clinical dosing needs. To define the diameter
combination on the dumbbell balloon, the volume per surface area is used, and is
calculated from the volume gap {unoccupied space over small diameter section)
between the two larger diameter ends relative to the smaller diameter middie
section. The equation of the ratio calculation is:

Volume/Surface area = (D12 - D25 = (4*D1)  ................ Equation 1

Where D1 is the diameter of the larger diameter balioon portion and D2 is the

diameter of the smaller diameter balioon portion.
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{077} The ratio of volume/surface area can range from 0.1 mm to 10 mm,
from 0.2 mm to & mm, or from 0.3 mm to 2 mm. The dose of chemical agent can,
thereby, be constant and independent of balloon or vessel size. The valug of the
ratio is determined by clinical treatment needs {(dosing requirements). The dumbbell
balloon or multi-groove balloon can be made from a secondary heat-shrinking
process involving a regular cylindrical balloon or by direct molding into form. The
balicon body diameter difference between the larger diameter ends and the middle
smaller diameter section is determined by a pre-defined value of volume/surface
area ratio, which is caiculated using Equation 1. For example, for the combination of
8 mm and 8 mm balloons, the calculated volume/surface area ratio would be 0.88
1T,

[G78] Overall balloon body diameter and length can range from 2 {o 40mm
and 10 to 100mm, respectively. Conventional balloon cone angle or shape is
acceptable for the applications, however, round or radius cone shape is preferred.

(0791 Any balioon materials that are compatible with the formulations can be
used for balloon making, such as polyethylenes, polyolefin elastomers, natural
rubbers, polyesters like PET and PBT and their block copolymers including
thermoplastic elastomers like Hytrel, and polyamides like nylon 12 and nylon 11 and
their block copolymers including thermoplastic elastomers like Pabax.

[080] In one embodiment, a schematic view of a dumbbel! balloon infusion
catheter is shown in FIG, 3A, with 4 holes arranged 90 degrees apart in the middle
smaller diameter balloon section, which is modified from FIG. 2 with tapered
transitions between different diameters. The liguid formulation may be delivered from
the balloon inflation lumen through the holes on the balloon; this is an expandable
infusion method. In this example, the formulation functions in two roles: inflating the
balloon and serving as a freatment agent. FIG. 3B is a schematic view of an infusion
balloon catheter inflated and positioned inside a vessel. The majority of the delivered
treatment formulation is confined {0 the space created by the smaller balloon body
and two larger balloon shouiders within the vessel wall.

[081] To enhance the diffusion distance of the chemical treatment agent, a

ratio of balioon outer diameter (OD) to vessel interior diameter (1D} that is larger than
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one, in which the vessel is over dilated at a specific controlled level may be used,
The ratfio can range from 1.01 to 10, 1.10 {0 §, or from 1.20 %0 1.35.

i082] The micro holes on the balloon for delivering the chemical agent can
be crealed by a micro-punching or drilling process directly on the balloon body wall.
The suitable hole size can range from & microns to 500 microns, or from 20 microns
to 250 microns on the balloon wall. These values appropriately consider the balance
between balloon inflation, infusion rate and formulation flow control. if the hole size is
oo large, the formuiation volume may not be controliable due to over flow.
Geometrically, the holes are typically arranged in the middle section of the small
diameter area; however, they can be placed in a different way or pattern on the
balloon, for purposes of delivering formulation. The holes on the balloon may also be
arranged along the circumference of the balloon body wall 3t the center of the
smalier diameter section. The number of holes can rangs from 2 o 10 or more and
the size of holes can range from 25 microns to 100 microns.

{083] The dumbbell bailoon in FIG. 3A can be considered as one groove
balloon with four evenly distributed holes circumferentially, the balloon embodiment
above also including mulfiple grooves on the balloon and each groove having its own
group of holes for infusion. For example, a three-groove balloon could be made from
an 80 mm long length balloon, and the infused agent could be confined within each
groove. The clinical outcome of a multi-groove balloon would be the same as that of
the regular dumbbell balioon shown in FIG. 3A, if their respective volume/surface
area ratios were equal. FIG. 3A is a device for an expandable infusion method.

[084] In another embodiment, as shown in FIGS. 4A-4B, the chemical agent
is delivered through a thin tube attached to the catheter at a distal and proximal
balloon. In this example, a dumbbell balloon catheter without holes on the balloon is
used for the infusion system. FIGS. 4A-4B are devices for a hybrid infusion method.
The formulation delivery tube has multiple holes located within the balloon section of
the smaller diameter. The hole size on the tube can range from 25 microns to 1 mm.
The number of holes varies depending on the length of the smaller diameter balloon

section. A distance betwesen holes can range from 2 mm o 5 mm.
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[0B5] Due to the incorporation of the infusion fube in the embodiments shown
in FIGS 4A-4B8, the balloon inflation and formulation infusion oceur through separate,
independert procedures. The balloon, for instance, is firstinflated to a
predetermined pressure; the effective volume of the chemical agent is next delivered
through the fube to the treatment site while the remainder of the formulation is
confined to the middle section of the smaller balloon diameter area. The infusion
tube used on the catheter can be made from thermal plastics like polvethyiene,
nylons or Pebay, or metals or metal alloys like stainiess steel or nitinol, or nitinol
hypotube for its super elastic property.

[088] An advantage of using metal or metal alloy tubing over plastic tubing is
the presence of additional features for formulation delivery. For example, the Bard
triangle feature can be added to a metal tube (Figure 15). The sharp tip of the Bard
triangle would serve o pinch into the tissue wall when the balloon is inflated against
the vessel wall. Compared {o the round hole version, this delivery system would
enable deeper diffusion of the chemical agent into the vessel tissue in partdug to the
plercing of the tissue. If a deeper diffusion over a wider vessel wall area is needed,
the balloon can be inflated and deflated several times and rotated after each
inflation/defiation cycle. This would result in additional punctured holes on the vessel
wall and would enable the formulation to diffuse through deeper and faster. The
height of the Bard triangle can range from 0.25 mm to 2 mm, or from 0.5 mm to
1 mm.

[087] In one embodiment, a schematic view of a balloon delivery catheter
positioned within the left main bronchus for freatment of asthma and COPD is shown
in FIGS. 5A and 58. The delivery catheter 198 of FIGS. 5A and 58 can treat airways
that are distal to the main bronchi 21 and 22. For example, the delivery catheter 188
can be positioned in various airways in segments of lungs to affect remote distal
portions of the bronchial tree 27. The delivery system 198 can be navigated through
tortuous airways to perform a wide range of procedures, such as, for example,
denervation of a portion of a lobe, an entire lobe, multiple lobes, or one or both
fungs. In some embodiments, the lobar bronchi are treated to denervate lung lobes.

For example, one or more treatment sites along a lobar bronchus may be targeted to
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denervate an entire lobe connected to that lobar bronchus. Left lobar bronehi can be
treated to affect the left superior lobe and/or the left infericr lobe. Right tobar bronchi
can be treated fo affect the right superior lobe, the right middis lobe, and/or the right
inferior lobe. Lobes can be treated concurrently or seguentially. In some
smbodiments, a physician can treat a lobe. Based on the effecliveness of the
freatment, the physician can concurrently or seqguentially treat additional lobe(s). In
this manner, different isolated regions of the bronchial iree can be treated.

[088] The delivery catheter 198 can also be used in segmental or sub-
segmental bronchi. Each segmental bronchus may be treated by delivering the
formulation to a single treatment site along the segmental bronchus. For example,
the formulation can be delivered to each segmental bronchus of the right lung. In
some procedures, one or two applications of the formulation can treat most of or the
entire right lung. Depending on the anatomical structure of the bronchial tree,
segmental bronchi can often be denervated using one or two applications.

[088] The delivery catheter 198 can affect nerve tissue while maintaining the
function of other tissues or anatomical features, such as the mucous glands, cilia,
smooth muscle, body lumens (e.g., blood vessels), and the like. Nerve tissus
includes nerve cells, nerve fibers, dendrites, and supporting tissue, such as
neuroglia. Nerve cells transmit electrical impulses, and nerve fibers are prolonged
axons that conduct the impuises. The electrical impulses are converted to chemical
sigrials to communicate with effector cells or other nerve celis. By way of example,
the delivery catheter 198 is capable of denervating a portion of an airway of the
bronchial tree 27 to attenuate one or more nervous system signals transmitted by
nerve Hissue. Denervating can include severing the nerve tissue of a section of a
nerve trunk to prevent signals from traveling through that specific area to more distal
locations along the bronchial tree. If a plurality of nerve trunks exiends along an
airway, each nerve trunk can be severed. As such, the nerve supply along a section
of the bronchial tree can be cut off. When the signals are cut off, the distal airway
smooth muscle relaxes, leading to airway dilation. This airway dilation reduces
airflow resistance so as 1o increase gas exchange in the lungs, thereby alleviating, or

eliminating one or more clinical manifestations, such as breathlessness, wheszing,
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chest tightness, and the like. Tissue surrounding or adjacent o the targeted nerve
tissue may be affected but not permanently severed. In some embodiments, for
exampie, the bronchial blood vessels along the treated airway can deliver a similar
amount of blood to the bronchial wall tissues, and the pulmonary blood vessels along
the treated airway can deliver a similar amount of blood to the alveolar sacs at the
distal regions of the bronchial tree 27 before and after treatment. These blood
vessels can continue to transport blood to maintain sufficient gas exchange. In some
embodiments, alrway smooth muscle is not injured to a significant extent. For
example, a relatively small section of smocth muscle in an airway wall which does
not appreciably impact respiratory function may be reversibly altered. if the
formulation is employed at a regulated temperature to injure nerve tissue outside of
the airways, that formulation will not reach a significant portion of the non-targeted
smooth muscle tissue.

[080] The delivery system 198 of FIGS. 5A and 5B includes a treatment
controlier 202 and an intraluminal slongate assembly 200 connected to the controller
202. The elongate assembly 200 can be inserted into the frachea 20 and navigated
into and through the bronchial tree 27 with or without utilizing a delivery assembly.
The elongate assembly 200 includes a distal tip 203 capable of selectively affecting
tissue.

[081] The controller 202 of FIG. BA can include one or more processors,
rmicroprocessors, digital signal processors (DEPs), field programmable gate arrays
(FPGA), application-specific integrated circuits (ASICs), memory devices, buses,
powsr sources, pumps, formulation resources, vapor resources, liquid rescurces,
contrast resources, vapor generators, desired temperature formulation generators,
and the like.

[092] The distal tip 203 of FIGS. BA-BB can target various sites in the
lungs 10, including, without limitation, nerve tissue, fibrous tissue, diseased or
abnormal tissue, muscle tissue, blood, bleod vessels, and various anatomical
features (e.9., membranes, glands, cilia, and the like).

(093] In one embodiment, a schematic view of a double balloon delivery

catheter positioned within a renal artery is shown in FIG. 5C. The balloon
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catheter 107 of FIG. 8C can treat hyperiension. The formulation is infused {o the wall
of the renal arteries adjacent to the renal nerves for denervation. Some of the
elements of the renal vascular system are omitted in FIG. 8C. In FIG. 8C, 102 is the
kidney, 105 is the guiding catheter, 108 is main renal artery, 107 is balloon catheter,
301 is abdominal aorta, and 502 extra-renal artery.

[094] In one embodiment, the method for treatment of hypertension includes
inseriing a delivery catheter percutaneously into the renal artery and/or extra-renal
arteries adjacent to the nerves and nerve endings; using the delivery catheter {o
infuse the formulation described above o the tissue of the body lumen adjacent to
the nerves, wherein the amount of the formulation delivered is effective to injure the
nerves and nerve endings, such as, for instance, by lowering blood pressure; and,
lastly, withdrawing the delivery catheter from the body lumen.

[095] In one embodiment, a balloon infusion catheter, for example as shown
in FIGS. 3A-3B, 4A-4B, 7, 8A-8B, and 9A-8C, can be used for hypertension
treatment. Examples of the pre-clinical trials with the embodiments are described
balow.

[096] in one example, a porcine animal weighing 47kg was anesthetized with
isoflurane, and one side of its renal artery was ablated with ethanol using a balicon
catheter while the contralateral renal artery served as a control. Using a standard
renal access procedure, the balloon infusion catheters were placed inio the targeted
renal arteries of the main and extra-renal branches in sequence over a guide wire,
Upon reaching the targeted ablation site, the balloon was inflated and absolute
ethanol-mediated renal arterial chemical ablation took place via the expandable
infusion method. The balioon diameter was determined according to renal
angiograms, and a total of four catheters were employed. During the ablation
treatment, the balloons were rapidly inflated up to 6 to 8 atm with ethanol first, then
ramped down to 0.5 to 1 atm and maintained at the lower pressure for about 80
seconds. By the end of the treatment time, the balloon was deflated and withdrawn,

or placed into ancther artery site if required for the next treatment.
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{0871 For a betier clinical outcome, the balloon cuter diameter (0D, the
larger diameter section) and the arterial inner diameter (1D} may exist in a certain
ratio. A slightly over-sized balloon OD to vessel 1D can be used, such as

Balloon CDMNVessel 1D = 1,10 10 1.40; or = 1.20 o 1.35.

[008] Post-ablation renal angiograms were obtained to determine whether
vessel spams, stenosis, or other abnormalities occurred. There were no significant
renal arterial spasms during and afier the balioon infusion treatment.

[099] The animal was suthanized two weeks after tfreatment, and renal tissue
samples were obtained from the cranial, middie, and caudal of the renal cortex {o
determine the renal tissue norepinephrine (NE) content using known HPLC methods.
Norepinephrine is a neurctransmitter whose levels serve as a standard
measurement for renal denervation. Renal arteries and surrounding tissues were
collected for histopathologic evaluation as well. Ethanol ablation of the renal artery
resulted in a 72% reduction in renal norepinephrine reduction {(NE content: control:
570 ng/g; renal denervated, L.e. RDN: 180 ng/g), as shown in FIG. 12.

[0100] Not only was the NE content reduced after ethanol ablation, but
histopathologic evaluation also demonstrated renal nerve injury, as shown in Figure
18, where nerves are pictured (black arrows) surrounded by h‘eiid fibrosis within the
outer marging of the tunica adventitia,

[0101] To confirm results from the above study, a second study was
conducted. The same infusion device and same study period (2-week chronic study)
as described above were used in this confirmation study.

[0102] Six porcine animals weighing 44 to 56 kg were divided into three
treatment sub-groups with two treated in the main renal artery, two treated in the
extra~-renal branches, and two treated in both the main renal artery and the exira-
renal branches. Again, for each animal, one side of the renal arterial vessel(s) was
{(were) freated while the contralateral served as a control. A standard renal access
procedure was performed.

[0103] During the treatment, balloon size was determined according to the
balloon OD/artery 1D ratio that range from 1.20 to 1.35. These values provided for

hetter treatment effectiveness and minimal vessel injury by regulating over-dilatation.
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The infiation pressure used in this study during the rapid inflation cycle was 10 to 12
atmy; the pressure was then ramped down {0 0.5 {0 1 alm, and the treatment was
maintained at the low pressure for 2 minutes at the main renal artery site and 1
minute in the exira-renal branch arteries. Renal angiograms showed no significant
renal arferial spasms during and after balloon infusion treatment in all of six porcine
animals of this study.

[0104] Renal arterial ethanol ablation of the main renal artery alone resulted in
an average norepinephrine (NE) reduction of about 40%. Extra-renal arterial
branches ethanol ablation resulted in about an 80% norepinephrine reduction.
Chemical ablation of the main renal artery and the extra-renal arterial branches
collectively resulted in more than a 90% norepinephrine content reduction; cranial
cortex norepinephrine reduction: 93.81 %, 84.07%, 94.43%, middle cortex tissue
norepinephrine reduction; 91.98%, 82.18%, 93.20%, caudal cortex tissue
norepinephrine reduction: 73.27%, 31.80%, 47.08%. This study demonstrated that
both the quality of the balicon and degree of renal arterial tissue contact during
freatment contribute to high efficacy.

10105] In addition to the reduction in NE, histopathologic evaluation
demonstrated renal nerve injury (as shown in FIG. 18}, depicting both large caliber
perivascular nerves surrounded by fibrosis and inflammation and multi-focal
degenerate and/or necrotic tissues. Circumferential effects were also observed.
Overall, an average renal nerve injury value of 50% in the treated renal arteries was
gstimated.

[0106] in one embodiment, the catheter 10 (in FIG. 1) disclosed herein helps
regulate formulation flow and treatment dose throughout the treatment window 30,
as shown in FIG. 6. Balloons can be inflated through their inflation lumen. The
position, diameter, number and frequency of lateral apertures 31 results in the
homaogeneous filling of the treatment window 30. FIG. & depicts a catheter positioned
in a body lumen 5 having two lateral apertures 31 located within the treatment
window 30 for delivery of the therapeutic agent 3. Catheter tip 13, mark bands 23a
and 23b, expandable balloons 20 and 21 are shown in FIG. 6. The lateral

apertures 31, as shown in FIG. 8, are in fluld communication with the inner jumen 28.
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Lateral apertures 31 located within the treatment window 30 can be in
communication with either the outer 24 or inner 25 lumen such that the formulation is
delivered homogeneously to the treatment window 30.

[0107] In one embodiment, a cross-sectional view of the distal portion of the
tri-balloon infusion catheter is depicted, as shown in FIG. 7. This infusion device can
provide homogeneous filling at the treatment site. The balloons in FIG. 7 are shown
in an expanded state with two larger diameter balloons, D1 and D3, at distal and
proximal ends, and one smaller diameter batioon (D2) in the middle. The
combination of balloon diameters is determined by Equation 1 using a pre-defined
ratio value according to clinical dose requirement. The combination of balloon
lengths depends on targeted vessel length and tortuousness.

10108] One of the designs is for a four-lumen shaft that serves as an infusion
catheter. The four lumens can be assigned for wire (1), balloon inflation (1) and
chemical treatment (2), for example, as shown in FIG. 1. Alternatively, a catheter can
be designed to have more lumens fo accommodate more inflation lumens, where
each balloon can be inflated independently.

[0108] Chemical treatment ports are located between the balloons on the
shaft. The formulation infusion holes are located on the non-expandable shaft
section between the expandabie balloon sections. During treatment, the formulation
can be discharged between the balloons through the infusion hole to fill in the space
created by the smaller diameter balloon. This is a non-expandable infusion method.

10110} in one embodiment, optionally, the residual of the chemical
agent/formulation may be retrieved by vacuum technique on one of the infusion
holes following treatment. In this case, at least two treatment lumensmay be used:
one for infusion and the other for vacuum. The formulation infusion and vacuum
holes are located on the non-expandable shaft section between the expandabie
balloon sections.

10111} In addition fo the withdrawal of excess treatment agent, left-over agent
can alse be diluted with saline or water to an ineffective concentration. Flushing with
saline or water can be performed using a catheter wire lumen, or one of the infusion

lumens, or by other means. The method of use depends upon the site of protection
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or treatment. If the distal portion of vessels requires protection from the chemical
treatment, flushing can be performed via wire lumen.

[0112] In one embodiment, as shown in FIG. BA, a new unconventional
balicon attachment method can be applied. The new method includes placing the
balloon waists inside balloon cones or bodies; this serves {o overcome the extra
unwanted space which surrounds the smaller diameter balloon and is created by the
balloon waist length and cone length, as shown in FIG. 7. Exira space confers no
benefit for chemical treatment and may lead to overdose due to an inability {o control
therapeutic volume. The formulation infusion and vacuum holes are located on the
nor-expandable shaft section between the expandable balloon sections.

[0113] To demonstrate the effectiveness of the new assembly method when
exira space is minimized, similar balloon diameter combinations were employed
(FIG. 8A vs, FIG. 7). L) represented in FIG. 8A s L{i) or L{#). In an expanded state,
the cones of the adiacent balicons are now contacting each other more intimately,
thus minimizing the extra space. Again, the formulation is delivered between the
balloons and will fill the space above the small diameter balloon section/area.

[0114] This new balloon assembly method can be described by the difference
in balicon length before and afler top assembly. Here, balloon length L{i} is defined
as the length from the transition point of the distal waist/cone to that of the proximal
cone/waist prior to shaft assembly; and balloon length L(il} is defined as the length
from the transition point of the distal waist/cone to that of the proximal consfwalst
following shaft assembly. In this new assembly method, balloon waists were placed
inside cones, or in some cases inside the balioon body as well if the cone length was
short. The relationships between L{} and L{il} are:

{1). L{i) = L{ii}; if the balloon is assembled using a conventional method.

{2}, L{) = L{i}); if the balloon is assembled using the new method,

Depending upon the length of the balloon cone, this new infusion catheter would
have the conefwaist transition point at least at 25% inside the cone, or at 50 or 100%
inside the cone, or partially or completely inside the balloon body.

For ilustration purpeses, consider an example involving an 8x20mm balloon

with a Smim cone length on both the distal and proximal sides. In this case, L{i) =
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body length + distal cone length + proximal cone length = 20 + 5 + 5 = 30mm.
Situation 1: if the conefwaist transition points are placed 50% inside the cone, then
L = 20 + 2.5 +2.5 = 25mm; L) » L{i)). Situation 2! If the conefwaist transition
points are placed 100% inside the cone or at the transition line of the cone/body,
then L{ii) = 20 + 0 + 0 = 20mm; L{) > L(i). If the waist is further placed inside, then it
would be situated inside the balloon body.

[G115] In the multiple balloon assembly on the catheter, the balioons having
the same L{i) could also have the same L{il} or a different one.

[0118] In ancther embodiment, a regular cone-shaped balloon can be used for
this catheter. A round or radius cone balloon may also be used, however, becauss of
its short cone length and potential for more contact surface area between adjacent
CONEs.

(01171 In one embodiment, as shown in FIG. 8B, balicons can be attached
anto the shaft by placing the balloon waists inside or partially inside the balloon body
with inverted balioon waists. The inverted balloon walsts would make the balloon
cone more naturally rounded and would allow for more contact surface area between
the cones; in addition, the waists could more easily be placed inside the balloon
body.

[0118] In one embodiment, when a narrow treatment band or shorter overall
balloon length is reguired, a double-balloon combination is used. FIG. 9A displays
the two balloons having contacted adjacent cones in an expanded state. A chamical
agent could be delivered through the delivery port on the shaft located between the
two balloons. The formulation infusion and/or vacuum holes are located on the non-
expandable shaft section betwesn the expandable balloon sections. The chemical
agent could remain in the middie narrow section of the two balloons during
treatment. Optionally, the additional port could be available for flushing or vacuuming
ourposes. The two balloons on the catheter could also have their own inflation
iumen, and, thus, could be inflated independently.

{01191 In another embodiment, shown in FIGS. §B8-8C, a dual-diameter
balloon can be used for the infusion cathetler o achieve a wider reatiment length
despite a shorter overall balioon length. This balloon has two diameters that are
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smaller on one side relative to the other. Employing the same assembly technigue as
in the three-balloon arrangement, the dual-diameter balloons are attached on the
shaft with the smaller diameter sides assembled head-to-head to form a smaller
diameter middie section. The two ends of the large diameter sections confine the
chemical agent primarily to the middie smaller diameter section to achieve a
controlied volume delivery. The formulation infusion and/or vacuum holes are located
on the non-expandable shaft section between the expandable balloon sections.
Again, the formulation is delivered through the infusion holes on the non-expandable
shaft section between the two expandable balicon sections.

[{120] One of the dual-diamester balloons is the tapered balloon shown in FIG.
9B. This two-balloon configuration has smaller diameter ends located in the middie
of the two balloons facing head-{o-head {0 each other. The resulting overall diameter
of the middle section iz smaller than that of the ends.

[{0121] Ancther dual-diameter balloon is assembled from two-stage balloons,
as shown in FIG. 8C. There are two distinct diameters in one balloon, i.e., one side
of the balloon is bigger than the other; and there is an abrupt diameter change
between the two diameters. Two-stage balloons can be assembled with the smaller
diameter sides facing each cther (FIG. 9C) and forming the middle of the oversll
balioon. The stage balloon can provide a wider treatment length despite having the
same overall balloon length as in FIG. 8B.

[0122] FIG. 10A and 10B dlustrate balloon infusion catheter 385 is positioned
in a gastric artery 360 or a hepatic artery 320. Various arteries surrounding the liver
and stomach as well as the various nerve systems that innervate the liver and
stomach and their surrounding organs and tissues are shown in FIG. 10A and 10B.
The arteries surrounding the liver and stomach include the abdominal aorta 305, the
celiac artery 310, the common 318 and proper hepatic arteries 320, the
gastroduodenal artery 322, the right 325 and left hepatic arferies 330, the splenic
artery 335 and esophageal branches 381, The various nerves that innervate the liver
and stomach and their surrounding organs and tissues include the celiac 340 and
hepatic plexuses 345, Blood supply to the liver is pumped from the heart into the
aorta and then down through the abdominal aorta 305 and into the celiac artery 310,
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From the celiac artery 310, blood travels through the common hepatic artery 315,
into the proper hepatic artery 320, then into the liver through the right 325 and left
hepatic arteries 330. The commeon hepatic artery 315 branches off from the celiac
trunk and gives rise to gastroduocdenal arteries. The nerves innervating the liver
include the celiac plexus 340 and the hepatic plexus 345. The celiac plexus 340
wraps around the celiac artery 310 and continues into the hepatic plexus 345, which
wraps around the proper 320 and commaon hepatic arteries 318, and/or continues on
to the right 325 and left hepatic arteries 330. In some anatomies, the celiac 340 and
hepatic plexuses 348 adhere tightly {o the walls of the arteries, supplying the liver
with blood, thereby rendering infra-to-exira-vascular neuromodulation particularly
advantagecus. In several embodiments, the media thickness of vessels (e.g., the
hepatic artery) ranges from about 0.1 om to about 0.25 om. In some embodiments,
the formulations may be delivered to the inner wall of the target vessel or target
nerves. intravascular delivery may be employed, because the nerves tightly adhere
o the outer walls of the arteries, thus supplying blood o the liver {e.g. in the case of
the hepatic artery branches).

10123] The arteries surrounding the stomach include the abdominal aorta 305,
the celiac artery 310, the right 355 and left gastric arteries 360, and the esophageal
branches 361. Blood supply to the stomach is pumped from the heart into the aorta
and then down through the abdominal aorta 305 and into the celiac artery 310, From
the celiac artery 310, blood travels through the right gastric artery 355 and left gastric
artery 360, the esophageal branches 361, and into the stomach.

[0124] With continued reference to FIGS. 10A and 108, the hepatic plexus
345 is the largest offset from the celiac plexus 340. The hepatic plexus 345 is
believed to primarily carry afferent and efferent sympathetic nerve fibers, the
stimulation of which can increase blood glucose levels by a number of mechanisms.
For example, stimulation of sympathetic nerve fibers in the hepatic plexus 345 can
increase blood glucose levels by enhancing hepatic glucose production, or by
reducing hepatic glucose uptake. Disruption of sympathetic nerve signaling in the
hepatic plexus 345 can, therefore, alter levels of blood glucose.
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[0125] In one embodiment, Fig. 10B depicts a schematic view of a balloon
delivery catheter positioned within the hepatic artery for treatment of diabetles. In
another embodiment, Fig. 104 depicts a schematic view of a balicon delivery
catheter positionad within the left gastric artery for treatment of obesity and diabetes.

[0128] Certain embodiments of the invention include delivering a vapor or
fiquid formulation to the segment of the body lumen at a specific delivery rate for a
pre-determined duration. The formulation may be heated to at least 80°C, for
example, 100°C or 150°C, prior to delivery. The catheter materials, specifically the
halloon and shafts, should be functional at the above temperatures, as such
materials are made to withstand high temperatures. In certain embodiments,
delivered vapors can undergo a phase change to liquid, resulting in a release of
energy, which is fransferred to the tissue.

[0127] In certain embodiments, for example, the safe and effective dose for
treating the tissue ranges from about 2 cal/g to about 150 calfg., or from about 5
callg to about 100 cal/g, and the energy flow rate of the delivery system ranges from
about 2 calig to about 500 calfsec, or from about § cal/isec to about 150 calisec. In
one embodiment, the formulation generator creates a vapor or liquid formutation,
with a pressure that ranges from about 2 psi to 200 psi and a temperature that
ranges from about 20°C to 150°C, or from about 50°C to 120°C.

[0128] A safe and effective amount of formulation and/or energy should be
applied in order to satisfactorily injure tissues. In general, the dose amount correlates
with the degree of injury to the tissue.

[0129] in some embodiments, an effective dose of energy ranges from about
1 to about 100 cal/g and/or an effective formulation dose ranges from 0.2 microliters
o 200 milliliters. These dosing limitations may vary as other delivery parameters
(e.g., delivery rate or duration, etc.) may call for different doses to accomplish the
ultimate injury benefit.

[0130] Following dose determination, the total amount of energy (cals} or
formulation {mis) applied via a delivery system should be determined. This value is
calculated by multiplying dose (cal/g) by the amount of issue to be treated (grams).
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[0131] The delivery/ilow rate, or the rate at which the delivery system delivers
the formulation, generally determines the duration of formulation. For example, ata
delivery rate of 30 cals/sec, a treatment duration of 10 seconds would be necessary
to deliver 300 calories. The delivery rate generally ranges from about 2 to about 200
calsfsec., Again, these limitations are not definite and can change depending on
treatment and/or delivery parameters.

0132] Treatment fimes can vary depending on the volume of the tissue to be
treated, and the intended degree of injury o the target tissue. Treatment times can
vary from about 2 seconds to about 60 minutes. In some embodiments for inducing
injury to relieve symptoms, the safe and effective treatment time ranges from about 4
seconds to about 30 minutes.

[0133] The delivery rate can be set by regulating the delivery system. Once
the user establishes the delivery rate, formulation resources will determine the
amount of pressure necessary to deliver the vapor or liquid at the desired rate.
Changing the delivery rate setting will cause the formulation generator to adjust the
amount of pressure delivered. The pressure in the vapor generator can range from
about 5 psi to about 200 psi, or from about 10 psi to about 50 psi.

[0134] In one embodiment, the method for treatment of hypertension includes
inserting a delivery catheter percutaneously into the renal artery adjacent to the
nerves; using the catheter to infuse the formulation described above and/or heal o
the tissue of the body lumen adjacent to the nerves, wherein the amount of the
formulation and/or heat delivered is effective to injure or damage the nerves, such
as, for instance, by lowering blood pressure; and, lastly, withdrawing the delivery
catheter from the body lumen. The purpose of the heat is to enhance the
injury/damage effect by accelerating the reaction rate between the formulation and
nerves. Potential formutations include gases, vapors, liquids, solutions, emulsions,
and suspensions of one or more ingredients. If the formulation includes vapors of
one or more ingredients, the heat may be generated by condensation of the vapors
into liquids in the tissue. If the formulation includes liquids or solutions, the heat may
be transferred from the high temperature formulations that exceed body temperature.
The formulation temperature may range from -40°C to 140°C, from -30°C to 100°C,
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or from -20°C to 80°C. The temperature of the freated tissue adjacent to the nerves
may be lower than the formulation temperature and higher than body temperature.
The temperature of the treated tissue adjacent {o the nerves may range from -40°C
to 100°C, from -30°C to 80°C, or from -20°C to 80°C. The formulation infusion
pressure may range from 0.1 atm to 14 atm, from 3 atm to 10 atm, or from 4 aim o
g atm.

[0135] in one embodiment, the method for treatment of asthma includes
inserting a delivery catheter into the alrways adjacent to the nerves; using the
catheter to infuse the formulation described above and/or heat to the tissue of the
airway adjacent {0 the nerves, wherein the amount of the formulation and/or heat
delivered is effective to injure or damage the nerves, such as, for instance, by
relieving shortness of breath; and, lastly, withdrawing the delivery catheter from the
body lumen. The purpese of the heat is 1o enhance the injury/damage effect by
accelerating the reaction rate between the formulation and nerves. Potential
formulations include gases, vapors, liguids, solutions, emulsions, and suspensions of
one or more ingredients. If the formulation includes vapors of one or more
ingredients, the heat may be generated by condensation of the vapors into liquids in
the tissue. If the formulation includes liquids or solutions, the heat may be transferred
from the high temperature formulations that exceed body temperature. The liguid
formulation temperature may range from -40°C to 140°C, from -30°C to 100°C, or
from -20°C to 80°C. The temperature of the treated tissue adjacent to the nerves
may be lower than the formulation temperature and higher than body temperature.
The temperature of the treated tissue adjacent to the nerves may range from -40°C
0 100°C, from -30°C to 80°C, or from -20°C to BO°C. The formulation infusion
pressure may range from 0.1 atm to 14 atm, from 3 atm to 10 atm, or from 4 atm to
g atm.

[(138] In one embodiment, the method for freatment of 8 COPD includes
inserting a delivery catheter into the airway adjacent to the nerves; using the catheter
to infuse the formulation described above and/or heat {0 the tissue of the body lumen
adjacent to the nerves, wherein the amount of the formulation and/or heat delivered
is effective to injure or damage the nerves, such as, for instance, by relieving COPD
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symptoms; and, lastly, withdrawing the delivery catheter from the airway. The
purpose of the heat is to enhance the injury/damage effect by accelerating the
reaction rate between the formulation and nerves. Potential formulations include
gases, vapors, liguids, solutions, emulsions, and suspensions of one or mors
formulations. If the formulation includes vapors of one or more ingredients, the heat
may be generated by condensation of the vapors into liguids. If the formulation
includes liguids or solutions, the heat may be transferred from the high temperature
formulations that exceed body temperature. The formulation temperature may range
from -40°C to 140°C, from -30°C to 100°C, or from -20°C to 80°C. The temperature
of the reated tissue adjacent to the nerves may be lower than the formulation
temperature and higher than body temperature. The temperature of the treated
tissue adjiacent to the nerves may range from -40°C to 100°C, from -30°C 1o 80°C, or
from -20°C {0 80°C. The formulation infusion pressure and/or the balloon inflation
pressure may range from 0.1 atm to 14 atm, from 3 atm to 10 atm, or from 4 atm {o
g atm.

{0137] In one embodiment, the method for treatment of diabetes includes
inserting a delivery catheter percutaneocusly info the hepatic arteries adjacent to the
nerves, specifically the hepatic celiac artery, proper hepatic arteries, and the left and
right hepatic arteries; using the catheter to infuse the formulation described above
andfor heat to the tissue of the body lumen adjacent {o the nerves, wherain the
amount of the formulation and/or heat delivered is effective {o injure or damage the
nerves, such as, for instance, by lowering glucose level, and, lastly, withdrawing the
delivery catheter from the body lumen. The purpose of the heat is to enhance the
injury/damage effect by accelerating the reaction rate between the formulation and
nerves. Potential formulations include gases, vapors, liquids, solutions, emulsions,
and suspensions of one or more ingredients. If the formudation includes vapors of
one or more ingredients, the heat may be generated by condensation of the vapors
inte tiquids in the tissue. If the formulation includes liguids or solutions, the heat may
be fransferrad from the high temperature formulations that exceed body temperature.
The formulation temperature may range from -40°C to 140°C, from -30°C to 100°C,

or from -20°C to 80°C. The temperature of the treated tissue adjacent to the nerves
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may be lower than the formulation temperature and higher than body temperature.
The temperature of the freated tissue adjacent to the nerves may range from -40°C
to 100°C, from -30°C to 90°C, or from -20°C to 80°C. The formulation infusion
pressure and/or the balloon inflation pressure may range from 0.1 atm to 14 atm,
from 3 atm to 10 atm, or from 4 atm o 8 atm.

[0138] In one embodiment, the mathod for treatment of obesity and diabetes
includes inserting a delivery catheter into the left andfor right gastric arleries adjacent
fo the stormach and esophageal nerves; using the catheter to infuse the formulation
described above and/or heat to the tissue of the gastric arteries adjacent to the
nerves, wherein the amount of the formulation and/or heat deliverad is effective to
injure or damage the nerves such as, for instance, by lowering body weight; and,
fastly, withdrawing the delivery catheter from the gastric arteries. Potential
formulations include gases, vapors, liquids, solutions, emulsions, and suspensions of
one or more ingredients, Iif the formulation includes vapors of one or more
ingredients, the heat may be generated by condensation of the vapors into liguids. if
the formulation includes liquids or solutions, the heat may be fransferred from the
high temperature formulations that exceed body temperature. The liquid formulation
ternperature may range from -40°C to 140°C, from -30°C to 100°C, or from -20°C to
80°C. The temperature of the treated tissue adjacent to the nerves may be lower
than the formulation temperature and higher than body temperature. The
temperature of the treated tissue adjacent to the nerves may range from-40°C to
100°C, from -30°C to 80°C, or from -20°C to 80°C. The formulation infusion pressure
and/or the balloon inflation pressure may range from 0.1 atm to 14 atm, from 3 atm
to 10 atm, or from 4 atm {0 8 atm.

[0139] In one embodiment, the method for treatment of obesity and diabetes
includes inserting a delivery catheter percutaneously into the hepatic arteries
adjacent to the nerves, specifically the hepatic celiac artery, the proper hepatic
arteries, and the left and right hepatic arteries; using the catheter to infuse the
formulation described above and/or heat o the tissue of the hepatic arteries adjacent
{0 the nerves; withdrawing the delivery catheter from the hepatic arteries; inserting
delivery catheter into the left and/or right gastric arteries adjacent to the stomach and
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esophageal nerves; using the catheter to infuse the formulation described above
and/or heat to the tissue of the gastric arteries adjacent to the nerves, wherein the
amount of the formulation andfor heat delivered is effective to injure or damage the
nerves, such as, for instance, by lowering body weight and glucose level; and, lastly,
withdrawing the delivery catheter from the gastric arteries. Potential formuiations
include gases, vapors, liquids, solutions, emulsions, and suspensions of one or more
ingredients. If the formulation includes vapors of one or more ingredients, the heat
may be generated by condensation of the vapors into liguids. If the formulation
includes liguids or solutions, the heat may be transferred from the high temperature
formulations that exceed body temperature. The liquid formulation temperature may
range from -40°C to 140°C, from -30°C to 100°C, or from -20°C to 80°C. The
ternperature of the treated tissue adjacent o the nerves may be lower than the
formulation temperature and higher than body temperature. The temperature of the
treated tissue adjacent to the nerves may range from -40°C to 100°C, from -30°C to
80°C, or from -20°C to 80°C. The formulation infusion pressure and/or the balloon
inflation pressure may range from 0.1 atm to 14 atm, from 3 atm to 10 atm, or from 4
atm {o 8 atm,

[0140] In one embodiment, the method for treatment of obesity includes
inserting a delivery catheter into the digestive lumen adjacent 1o the nerves; using
the catheter to infuse the formulation described above and/or heat to the tissue of
the digestive lumen, wherein the amount of the formulation and/or heat delivered is
effective to injure or damage the tissue, such as, for instance, by lowering body
weight; and, lastly, withdrawing the delivery catheter from the digestive lumen.
Potential digestive lumens for this embodiment include the esophagus, the stomach,
the duodenum, the jejunum, the small and large intestines, and the colon. The
purpose of the heat is to enhance the injury/damage effect by accelerating the
reaction rate between the formulations and nerves. Potential formulations include
gases, vapors, liquids, solutions, emulsions, and suspensions of one or more
ingredients. if the formulation includes vapors of one or more ingredients, the heat
may be generated by condensation of the vapors into liquids. If the formulation
includes liguids or solutions, the heat may be transferred from the high temperature
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formulations that exceed body temperature. The liquid formulation temperature may
range from -40°C to 140°C, from -30°C to 100°C, or from -20°C to 80°C. The
temperature of the treated tissue adjacent to the nerves may be lower than the
formulation temperature and higher than body tempsrature. The temperature of the
treated tissue adjacent to the nerves may range from -40°C fo 100°C, from -30°C to
Q0%C, or from -20°C to 80°C.

[0141] In one embodiment, the method for treatment of obesity and diabetes
includes inserting a delivery catheter into the left and/or right gastric arteries adjacent
to the stomach and ssophageal nerves; using the catheter o infuse the formulation
described above andfor heat to the tissue of the gastric arferies adjacent to the
nerves, wherein the amount of the formulation and/or heat delivered is effective to
injure or damage the nerves, such as, for instance, by lowering body weight; and,
lastly, withdrawing the delivery catheter from the gastric arteries. Potential
formulations include gases, vapors, liquids, solutions, emulsions, and suspensions of
one or more ingredients. If the formulation includes vapors of one or more
ingredients, the heat may be generated by condensation of the vapors info liquids. If
the formulation includes liquids or solutions, the heat may be transferred from the
high temperature formulations that exceed body temperature. The liquid formulation
temperature may range from -40°C to 140°C, from -30°C to 100°C, or from -20°C to
80°C. The temperature of the ireated tissue adjacent to the nerves may be lower
than the formulation temperature and higher than body temperature. The
temperature of the treated tissue adjacent to the nerves may range from -40°C to
100°C, from -30°C to 90°C, or from -20°C to 80°C.

101421 In one embodiment, the method for treatment of obesity and/or
diabstes includes inserting a delivery catheter orally via the mouth, esophagus and
stomach into the duodenum and/or jejunum; using the catheter {o infuse the
formulation described above and/or heat to the surface tissue of the duodenum
and/or jejunum for 1-30 minutes, wherein the amount of the formulation and/or heat
delivered is effective to injure or damage the surface, the tissue and the nerves of
the body lumen, such as the duodenurm or jejunum, for instance, by lowering body

weight and glucose leve!; optionally removing or withdrawing the formulation; and,
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lastly, withdrawing the delivery catheter from the digestive lumen, such as the
duodenum or jejunum. Potential formulations include gases, vapors, liquids,
solutions, emulsions, and suspensions of ong or more ingredients. If the formulation
includes vapors of one or more ingredients, the heat can be generated by
condensation of the vapors into liquids. If the formulation inciudes liquids or
solutions, the heat can be transferred from the high temperature formulations that
gxceed body temperature. The formulation infusion pressure and/or the balloon
inflation pressure may range from 0.1 alm o 14 atm, from 3 atm to 10 atm, or from 4
atm to 8 atm. The liquid formulation temperature may range from -40°C to 140°C,
from -30°C to 100°C, or from -20°C to 80°C. The temperature of the treated tissue,
which, in this case is the surface tissue, may be lower than the temperature of the
formulation and higher than body temperature. The temperature of the treated tissue
may range from -40°C to 100°C, from -30°C to 90°C, from 36°C to 80°C, or from
80°C to 80°C. Treatment entails modifying the surface of the duodenum or jejunum.
Therapeutic benefits such as Eowarin;q of body weight, glucose levels, and/or HbAlc
(A1C) levels, depend on formulation dose and temperature, length of treatment
period, and the surface area and thickness of the treated ducdenum. For safety
reasons, perforation of the duodenum is not encouraged. Treating the surface
madifies the morphology, the nerves, and food absorption capacity of the duocdenum.
i0143] in one embodiment, the method for treatment of cbesity and/or
diabetes includes non-invasively inserting an infusion catheter orally via the mouth,
gsophagus and stomach info the dusdenum andfor jejunum; using the catheler to
infuse chemical agents to the surface tissue of the duedenum and/or jejunum for 1-
10 minutes, wherein the amount of the chemical agent delivered is effective to injure
or damage the surface, the tissue and the nerves of the body lumen, such as the
duodenum orj’ejunum, for instance, by lowering body weight and glucose level;
optionally removing or withdrawing the agents; and, lastly, withdrawing the delivery
catheter from the digestive lumen, such as the duodenum or jejunum. The chemical
agent includes the formulation of chemical agents and/or absolute ethanol. Below

are descriptions of pre-clinical trials for the treatment of obesity and/or diabetes.

~ 47 -



WO 2016/070032 PCT/US2015/058296

[0144] All infusion cathelers in the embodiments described above are
applicable to the following studies. For instance, in one study, the 2-3-groove
dumbbeli-type balloons with 4-holes per groove were used for the treatment of
obesity and/or diabetes. Balloon diarmeters and lengths ranged from 12 1o 15 mm
and from 55 to 80 mm, respectively. The study was conducted according to the
procedure described above. Two juvenile Yorkshire cross pigs (sach weighing about
9 kg) were anesthetized with isoflurane. An infusion balloon catheter was inserted
via the mouth, stomach and pylorus into the duodenum under guidance of a pediatric
endoscope and flucroscope. The ligament of treitz was used as the anatomical mark
for the distal end of the duodenum. Upon delivery of the infusion balloon catheter fo
the duodenum, 1.5 fo 2.0 mi of absolute ethanol was injected after rapid pre-inflation
of the halloon up to 1.5 atm. Balloon pressure was then held at 0.5 atm or less for 1
o 2 min. The treatment agent played dual roles in this procedura: (1) inflation of the
baltoon and (2) delivery of the chemical {o the target vessel tissue through the holes
on the balloon wall. After treatment, the balloon was partially deflated and puiled
back to a defined distance to avoid overlapping with the next treatment location.
Treatment was then repeated. The bile duct was not treated. The animal was
suthanized 2 hours after treatment. The duodenal tissue was examined and
suspended in tripheny! tstrazolium chioride (TTC) solution for 30 minutes. Following
chemical treatment, the necrotized tissue may display white-colored spots.

[0145] The chemical agents used in the above described study were pure
acetic acid and absolute ethanol. Treatment efficacy was clearly demonstrated in the
TTC-stained duodenal tissues from both treated animals, as white-colored spots
were localized {o chemically-ablated regions.

[0146] Following the success of the above acute study, a chronic study was
conducted to demonstrate the clinical benefits of the treatment. The study included
seven pigs of similar weight as in the acute study above. Three of the seven pigs
were freated with absolute ethanol, three with acetic acid, and one sham pig with
saline. The same procedure as described in the previous acute study was employed
for treatment with absolute ethanol. As before, after the infusion balloon catheter
reached the ducdenum, the balloon was rapidly pre-inflated with absolute ethanol up
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to a pressure of 1.5 atm; about an additional 1.5 mi to 2.0 mi of ethanol was next
injected through the balloon wall into the duodenum, and pressure was then heid for
2 min at 0.5 atm or below. Once the treatment period ended, the treated duocdenal
section was then flushed with about 10 mi of water using the endoscope.

(0147} Treatment with acetic acid procesded similarly to that with absolute
sthanol. As before, the pig ducdena were treated, this time at a dose of 0.5 mi for
1 minute. Afler each treatment, bailoons were partially defiated and pulled back to a
pre-defined distance to avoid overlapping treatment with the next treatment location.
Treatment was then repeated, The bile duct was not freated. Animals were
recoverad for chronic observation and evaluation.

[0148] Pigs that underwent duodenal treatment with acetic acid were
authanized about five weeks after freatment. The animals were determined to be
healthy following clinical and pathological evaluation. As demonstrated in FIG.13,
treatment of the duodenum with acetic acid did not have significant weight difference
in comparison with that of the sham animals. Glucose levels fluctuated and were
inconciusive.

[0149] Pigs that underwent duodenal treatment with absolute ethanol were
authanized about eight weeks after treatment. The animals were determined to be
healthy following clinical and pathology evalustion. As demonstrated in FIG, 14,
freatment of the duodenum with absolute ethanol resulted in less animal weigh
increases in comparing with the sham animal. Glucose levels were inconclusive.

[0150] In one embodiment, the method for treatment of Barret!'s esophagus
disease includes an infusion balloon device, a procedure, and a chemical agent. In
this method, a balloon infusion catheter is inserted non-invasively via the mouth into
the esophagus under pediatric endoscopic guidance. 15mm balloons are typically
used at a length ranging from 55 to 80 mm, with 3 grooves in the middle section and
4 micro-holes per groove for chemical infusion. Once balloons localize to the target
esophagus, they are rapidly pre-inflated to full size at a pressure up to 1.5 atm.
Examples of doses delivered are as follows: (1) for reatment with absolute ethanol,
1.5 mi are delivered at the distal portion of the esophagus for 4 min and at the
proxirmal portion for 2 min; (2) for treatment with acetic acid, 0.5 mi are delivered at
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the distal portion of the esophagus for 2 min and at the proximal portion for 1 min.
Once the freatment period ends, treated sites are flushed with about 10 mi of water
using an endoscope channel, Following each treatment, balloons are partially
deflated and moved to other iocations for additional treatments.

{0151] Using the above described procedure, a chronic study was conducted
with seven juvenile Yorkshire cross pigs. Three of the seven pigs were treated with
absolute ethanol, three with acetic acid, and a sham with saline. Endoscopic
gxaminations were performed before and afler treatment. Animals were recovered
for chronic observation and evaluation. Animals were also endoscopically examined
after two weeks of treatment and were reexaminad and euthanized after four weeks.
Effects of treatment were assessed by the endoscopic exam. In acetic acid-treated
esophageal sections, severe stricture phenomena were observed. Histopathological
analysis of treated sections demonstrated epithelial thickening and complete
epithelization except for in the acetic acid-treated group, where the epithelial layer
was, at times, absent.

[0152] The above pre-clinical findings demonstrate that ethanol treatment is
effective and safe. Acetic acid treatment, on the cther hand, led to severs narrowing
and stricture in the freated esophagus. In addition, no difference in weight change
was observed in ducdenal-treated animals compared with untreated animals. itis
well known that acid erodes and damages esophageal linings; acetic acid produced
lesions in the dundenal wall following fopical application. These observations
indicate that acetic acid may not be suitable for duodenal and esophageal treatment.

[0153] In one embodiment, the method for treatment of urclogical diseases
and/or benign prostate hyperplasia (BPH} includes inserting a delivery catheter into
the urological lumen; using the catheter o infuse the formulation described above
and/or heat to the lumen of a urclogical tissue, e.g. the prostate, urethra, and ureter,
wherein the amount of the formulation and/or heat delivered is effective to injure or
damage the tissue, such as, for instance, by controlling the flow of urine; and, lastly,
withdrawing the delivery catheter from the urclogical lumen. The purpose of the heat
is to enhance the injury/damage effect by accelerating the reaction rate between the

formulation and nerves. The formulations include one of gases, vapors, liguids,
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solutions, emuisions, and suspensions of one or more ingredients. If the formulation
includes vapors of one or more ingredients, the heat can be generated by
condensation of the vapors into liquids. if the formulation includes fiquids or
solutions, the heat can be transferred from high femperature formulations that
exceed body temperature. The liguid formulation temperature may range from -40°C
to 140°C, from -30°C to 100°C, or from -20°C o 80°C. The temperature of the
freated tissue adjacent {0 the nerves may be lower than the formulation temperature
and higher than body temperature. The temperature of the treated tissue adjacent {o
the nerves may range from -40°C to 100°C, from -30°C to 90°C, or from -20°C fo
80°C. The formulation infusion pressure and/or the balioon inflation pressure may
range from 0.1 atm to 14 atm, from 3 aim to 10 atm, or from 4 atm to 8 atm.

[0154] In one embodiment, the method for treatment of cancers or tumors
includes inserting a needie or nesdie-based catheter percutaneously or transorally
into the cancers or tumors under imaged guide; using the catheter to infuse the
formulation described above and/or heat to the cancer tissues of the human body,
wherein the amount of the formulation and/or heat delivered is effective to injure,
damage or eliminate the cancer tissues, such as, for instance, by shrinking or
eliminating the tumors; and, lastly, withdrawing the delivery catheter from the body.
Potential imaging guides include ultrasound, X-ray, CT scan, NMR imaging, and
scopes. Relevant cancers include adrenal, biadder, cervical, colon, esophageal,
galibladder, kidney, liver, lung, ovarian, pancreatic, prostatic, rectal, stomach, and
uterine. The purpose of the heat is to enhance the injury/damage/elimination effect
by accelerating the reaction rate between the formutation and cancer tissues. The
formulations include one of gases, vapors, liquids, solutions, emulsions, and
suspensions of one or more ingredients. If the formulation includes vapors of one or
more ingredients, the heat may be generated by condensation of the vapors into
liguids in the tissue. If the formulation includes liquids or solutions, the heat may be
ransferred from the high temperature formulations that exceed body temperature.
The formulation temperature may range from -40°C to 140°C, from -30°C to 100°C,
or from -20°C to 80°C. The temperature of the treated tissue may be lower than the
formulation temperature and higher than body temperature. The temperature of the
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freated tissue may range from -40°C to 100°C, from -30°C to 80°C, or from -20°C to
80°C.
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WHAT IS CLAIMED IS:

1. A method for treating a diseass, the method comprising:
a) inserting a delivery catheter info a body lumen;
D} infusing a formulation inlo a diseased tissue in the body lumen, wherein an

amount of the formulation delivered to the body lumen is sffective {o injure or
damage the diseased tissue to relieve disease sympioms;

o) optionally removing the formulation from the diseased lissue; and

d} withdrawing the delivery catheter from the body lumen.

2. The method according to claim 1, wherein the disease is chosen from
hypertension, pulmonary hypertension, diabetes, obesity, heart failure, end-stage
renal disease, a digestive disease, benign prostate hyperplasia, cancers, tumors,
pain, asthma and chronic obstructive pulmonary disease (COPD).

3. The method according to claim 2, wherein cancers are chosen from adrenal,
bladder, cervical, colon, esophageal, gailbladder, kidney, liver, tung, ovarian,
pancreatic, prostatic, rectal, stomach, ducdenum, jejunum, and uterine.

4. The method according to claim 1, wherein the body lumen is chosen from a
renal artery, a pulmonary artery, a vascular lumen, a celiac artery, a common hepatic
artery, a proper hepatic artery, a gastroducdenal artery, a right hepatic artery, a left
hepatic artery, a splenic artery, a right gastric arlery, a left gastric artery, a
nonvascular lumen, an airway, a sinus, an esophagus, a respiratory lumen, a
digestive lumen, a stomach, a duodenum, a jejunum, a prostate, a urethra, a ureter,
and/or a urclogical lumen.

5. The method according to claim 1, wherein the formulation consists sssentially
of ethanol.

8. The method according o claim 1, wherein the formulation consists of ethanol.
7. The method according to claim 1, wherein the formudation comprises a gas,

vapor, liguid, solution, emulsion, or suspensions of one or more ingredients.
8. The method according to ciaim 7, wherein, if the formulation comprises a
vapor of one or more ingredients, heat is generated by condensation of the vapor

inte liquid.
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g The method according to claim 7, wherein, if the formulation comprises a
Hguid or solution, heat is transferred from the formulation to the diseased tissue,

10.  The method according to claim 1, wherein, if the formulation comprises an
amulsion or a suspension, heat s transferred from the formulation to the diseased
tissue,

1. The method according to claim 1, wherein the formulation is at a temperature
ranging from 40°C to 140°C.

12.  The method according to claim 1, wherein the formulation is at a temperature
ranging from 0°C to 140°C.

13.  The method according to claim 1, wherein the formulation is at a temperature
ranging from -40°C to 0°C.

14.  The method according to claim 1, wherein the formulation is at a temperature
equal to room temperature.

15, The method according to claim 1, wherein the temperature of the diseased
issue is lower than the temperature of the formulation.

16. The method according to ciaim 1, wherein the temperature of the diseased
tissue is higher than the temperature of the formuiation.

17, The method according to claim 1, wherein pressure of the formulation during
infusion ranges from 0.1 atm to 14 atm.

18, The method according to claim 1, wherein the discased tissug is ata
temperature ranging from -40°C to 100°C.

18, The method according to claim 1, wherein the diseased tissue is at a
temperature ranging from -40°C to 0°C.

20, The method according o claim 1, wherein the diseased tissue is at a
temperature equal to body temperature.

21, The method according to claim 1, wherein pressure of the formulation during
infusion ranges from about 2 psi to 200 psi at g temperature ranging from about -
40°C 1o 160°C.

22.  The method according to claim 1, wherein an amount of the formulation

infused into the diseased fissue ranges from 0.2 microliters to 200 milliliters.
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23.  The method according to claim 1, wherein the method comprises inserting the
delivery catheter into the body lumen for about 2 seconds to about 60 minutes.

24.  The method according to claim 1, wherein the method delivers an amount of
heat or energy ranging from about 2 cal/g to about 150 calfg to the diseased tissue |
25, The method according to claim 1, wherein the delivery catheter is chosen
from a needle or neadle-based delivery catheter, a single balloon delivery catheter, a
double balloon delivery catheter, an infusion catheter, a balloon infusion catheler, a
balloon catheter, a dumbbell balioon infusion catheter, and combinations thereof.
26.  The method according fo claim 25, wherein the delivery catheter is inflated at
a pressure ranging from 0.1 atm to 14 atm.

27. The method according to claim 1, wherein the formulation comprises one or
more ingredients chosen from water, saline, hypertonic saline, phenol, methanol,
ethanol, absolute alcohol, isopropanc!, propancl, butanol, isobutanel, ethylene
glvcol, glycerol, acetic acid, lactic acid, propyl iodide, isopropy! iodide, ethyl iodide,
methyl acetate, ethyl acetate, ethyl nitrate, isopropyl acelate, ethyl lactate, lipiodol,
urea, and derivatives and combinations thereof.

28. The method according to claim 1, wherein the formulation comprises a gas or
vapor chosen from oxygen, nitregen, helium, argon, air, carbon dioxide, nitric oxide,
water, phenol, methanol, ethanol, absolute alcohol, isopropanal, propanoc!, butanol,
isobutanol, ethylene glycol, glycerol, acetic acid, lactic acid, propyl iedide, isopropyl
iodide, ethyl icdide, methy! acetate, ethyl acetate, ethyl nitrate, isopropy! acetate,
and sthyl lactate, and mixiures thereof,

28. The method according to claim 1, wherein the formulation comprises a
therapeutic agent for nerve denervation, wherein the therapeutic agent is chosen
from sodium channel blockers, iefrodotoxing, saxitoxins, decarbamaoyl saxitoxins,
vanilloids, neosaxitoxins, lidocaines, conctoxing, cardiac glycosides, digoxing,
giutamates, staurosporines, amiodipines, verapamils, cymaring, digitoxins,
proscifiariding, quabains, veratridines, domoic acids, oleandrins, carbamazepines,
aflatoxins, guanethidines, and guanethidine sulfates.

30. The method according to claim 1, wherein the formulation comprises a

contrast agent for imaging nerve denervation, wherein the contrast agent is chosen
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from iodine, ethyl iodide, sodium iodide, lipiodol, nonoxynol iodine, iobitridol, iohexol,
iomeprol, iopamidol, iopentol, iopromide, ioversol, loxilan, iotrolan, lodixanol, or
ioxaglate, and derivatives thereof,

31, The method according fo claim 1, wherein the formulation comprises an
azeoirope.

32. The method according to claim 31, wherein the azectrope is chosen from
ethanol/water, propanoliwater, isopropancliwater, butanol/water, acelic acid/water,
lactic acid/water, ethyl lactate/water, ethyl lactate/ethandl, lactic acid/ethanol/waler,
sthyl lactate/waterfethanol, ethyl acetlate/ethanol, ethyl nitrate/ethano!, and isopropyl
acetate/ethanol.

33. The method according to claim 1, wherein the formulation comprises one of
gthanol, ethanolfwater, sthanoliwater/oxygen, ethanolwater/air,
gthanoliwater/contrast agent, ethancl/water/surfactant, sthanolwater/contrast
agent/surfactant, propanoliwater, isopropanoliwater, butanoliwater, and/or acetic
acid/water.

34, A dilating balloon catheter for delivery of a formulation {0 a target location in a
body lumen of a patient, the dilating balloon catheter comprising a proximal end, a
distal end, a wire lumen, a balloon inflation lumen, a formulation infusion lumen
andfor a vacuum lumen, an expandable balloon and a non-expandabile shaft,
wherein the expandable balloon section and/or the non-expandable shaft comprises
at least a first section having a plurality of voids, wherein the voids are micro-holes,
and wherein the expandable balloon section and/or the non-expandable shaft
comprises at least a second section having no voids.

35. The diiating balloon catheter of claim 34, wherein the expandable section has
a first distal, a first middie and a first proximal section, wheregin the diameter of the
first distal section and the first proximal section are larger than the diameter of the
first middie section,

36.  The dilating balloon catheter of ¢laim 34, wherein the expandable section or
non-expandable section has at least one void that allows the formulation to penetrate
inte the wall of the body lumen at a pressure higher than that of the body lumen; and
wherein the expandable section or non-expandable section has no void that allows
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the balloon {o dilate the body lumen at a pressure higher than that of the body
fumen.

37.  The dilating balloon catheter of claim 34, wherein the body lumen is chosen
from a renal artery, a pulmoenary artery, a vascular lumen, a celiac artery, a common
hepatic artery, and a proper hepatic artery, a gastroduodenal artery, a right hepatic
artery, a left hepatic artery, a splenic artery, a right gastric artery, a left gastric artery,
a nonvascular iumen, an airway, a sinus, an esophagus, a respiratory lumen, a
digestive lumen, a stomach, a duodenum, a jejunum, a prostate, a urethra, a ureter,
and a urclogical lumen.

38. The dilating balloon catheter of claim 34, wherein the formulation is at a
pressure ranging from 0.1 atm to 14 atm during delivery, and the dilated balloon
catheter is inflated at a pressure ranging from 0.1 atm to 14 atm.
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