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Learning Objectives

At the conclusion of this activity, the participant will be
able to:

A A. Describe medications under development to treat
neurogenidoladder dysfunction

A B. Realize the hazards of tube drainage and some
future prospects for safer drainage

A C. Describe the possibilities for tissue regeneration
for bladder augmentation



Obtaining CME Credit

A If you would like to receive CME credit
for this activity, please Vvisit:

A This information can also be found in the
Summit 2011 Program on page 8.


http://www.pesgce.com/PVAsummit2011/

Overview

A Drug Therapy
I ConventionaAntimuscarinicgOxybutynir)
I Clinical Trials (betd agonists)
I Future medications (ATP antagonists)
A Tube drainage

I Conventional (urethral anguprapubic
tubes)

I Biofiimdispersants, inhibitors, modified
surfaces

A Tissue Engineering and Stem Cells



Etiology

Spinal cord

Syphilis

(Tabes dorsalis)
Pernicious anemia
(Subacute com-

bined sclerosis)
Tumors
Trauma

(Transection)
Hematoma
Syringomyelia
Multiple sclerosis
Arteriosclerosis
Poliomyelitis
Transverse myelitis
Paralysis agitans
Disc herniation

Cauda Equina
Tumors
Trauma
Spina Bifida

Nerves and/or
nerve plexuses
Trauma
Accidental
Surgical
Diabetes
Neuropathy
Infections
Scarlet fever,
elc,
External pressure
Fetal head
Neoplasm

Neurogenic Disorders of the Urinary Bladder
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Price Paid SevereHydronephrosisRenal
Damage from SCI/NGB and Unsafe Storag
of Urine
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NeurogenidBladder- Reasons for
Urodynamiclesting- Mandatory

A Baseline Evaluation

I Measure Compliance

I Diagnose Obstruction
A Plan Management

i CAYR UKS &5 y3SNJ
A Measure Outcomes

I Pharmacological Therapy
I Surgical Therapy



Storage PressureCompliance

A ComplianceAV/AP

A Ability to accommodate more volume
with little rise in pressure a D2 2 R €

A Small volume mcrease leads to big rise
in pressure & . |
- @ .




The Problem

A RefractoryNeurogenidetrusorOveractivity
(NDQO) remains a real problem

A Current medications have very limited efficac
In this population with significant intolerable

side effects
A AlthoughBotulinum

oxin injection has

helped, we still face refractodDO (why?n
some patients andbotox injection iscostly
and must be repeated

A New drugs and treatments with novel
mechanisms of action are essential



Pharmacologic Therapy for NGB

A Selective Agents

I Sensory (afferent) approaches
ACapsaicinResiniferatoxi{RTX)
AATP receptor (P2Xantagonist(s)
ANeurokininreceptor (NK1)
ASodium Channel blockeNg, 1.8)
ACannabinoideceptor (CB1)
AEndothelinreceptor (EJ)

I Myogenic(efferent) approaches
AAntimuscarinicAgents
Ab3 Agonist(s)
APDHnNhibitors (PDE4)



Current Drug Action
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TheMicturition Cycle: Old and New

Emptying Phase

»  Storage Phase
(7))
(7))
Y
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filling to void to void filling
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Anticholinergic
Medications

~— fOxybutynin
Aitropan
Aetrol/ Toviaz
AJesicare
Anablex

MSanctura

-

B CHOLINERGIC/ PURINERGIC
. |BETA ADRENERGIC
B ALPHA ADRENERGIC
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Compliance With Oral TherapissPOOR!
Even worse with SCI Patidpwlypharmacy
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Beta3 AdrenoceptorAgonists

A Beta:3 adrenoceptoractivation is the main
bladder relaxation mechanism

A Human bladder contains 3 betalrenoceptors
and 97% are Betd adrenoceptors

A Beta:3 adrenoceptorsalso located in
urotheliumand afferent nerves

A Phase Il and Ill studies with B&aeceptor
agonist (irebegron for OAB are promising

A No significant studies in NGB dysfunction, ye
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Beta3 AdrenoceptorAgonist Applied to Spinal Cord

- T Beta3 receptors
SPINAL / TN also located in the
Spinal Cord and
located mainly in
the ventral horn
Fullhaseet al., NUU
(2011)

Beta3 AR Agonist




Future Drug Action

Spinal coro
S254

Capsaicin
RTX
Bladder

Atropine
Oxybutynin
Afferent Tolterodine
Drugs




Neurogenic Theories Decreased

l suprapontine
Inhibition

Decreased capacity
to handle
afferent information

Increased afferen / .
N\ Increased sensitivity

~ acivity - to released contractidn

Our Lab data shows a 6.5x Increase in basal mediating transmitter(s)
urothelial ATP release after SCI
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cOveractivity(OAB and LUTS)
cNeurogenidOveractivity(SCI)







Normal Rats
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Future: Novel Afferent Directed Agents

Afferents Efferents

— 3
Spinal Cord
S254

Bladder

P2X Receptor
Antagonists Anticholinergic

' Medications




Targeting Gene Therapy for Neurogen
Bladder Dysfunction

PMC

C-Fiber
HSV-GAD Afferent
) neurons
Vector

Injection
Or Ab-NGF

Bladder

Efferent

\C@output

GADc synthesizing enzyme for GABA (inhibitory transmitter)
Abc¢ NGF - Antibody to Nerve Growth Factor

L6-S1 spinal cord
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Drainage Technologles

A Foley Urethral Catheter
A Suprapubidube

A Intermittent
Catheterization

Probl ems with nl

A O pen Askiomigabds migrate
on external catheter surface
1 00 % have co
No hope of e
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Catheterlzatlon— Ancient Technology
ALIttle Changeo s

Hollow Bamboo Tubes

215t century?
24 1000 BC

1930 AD

Fredric Foley, MD
Balloon catheter; 1935

’
£

1800 AD

Catheter

1752 AD

Ul
e The Urinary
|‘ o

Ben Franklin

1st antimicrobial catheter;
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Catheter Associated UTI
Incidence of microbe colonization

100

Males - Silver-coated
801 Maes - Control A ~5%]/day colonized w/o
g Coating.

Females - Silver-coated

601 Females - Control A ~3%/day colonize
w/Coating

Percent UTI

40 -
20 -
0o
3 7 14
VAMC, Miami Time in Days

After 5 weeksA 100% colonized:; those on antibiotics

commonly have resistant organisms. i.e. NO HOPE of
STERLIZING URINE w/ OPEN ACCESS TUBES



Microbes become resistant by forming Biofiln

Biofilm formation:

Attachment | Colonization \ Growth

Microbes attach to all non-biologic
surfaces.
Microbes reproduce to 10million/ml in
36 hrs.
Microbes secrete peptides and sugars
and O0kidfilm oryall surfaces.
Antibiotics do not penetrate biofilm, but
do kill floating microbes.
Microbes within biofilms are X1000
X10,000+ more resistant to
antibiotics.
Sterile urine cultures [catheterized
patients]A May not identify microbes
existing within biofilms




Etiology of Catheter Infections

A#1- iOpen AccessO Tube
Systems: Skin Microbes migrate in surface
moil sture on the nout
Bl adder urine I s con:
skin microbes from the skin & perineum

A#2- Cat heter surfaces
for growth and survival of microbes



3 Evolving Future Technologies

A#1-ACl osed Accesso0o Tub
Systems: Prevent microbial access to

bladder urine by skin & perineal microbes

A #2 - Biofilm Blocking and Dispersive
Agent s: bdIlmsaeamct umdr | e
skin & perineal microbes; increase microbial
sensitivity to drugs

A #3 - Surface topology prevents microbial
migration



Antimicrobial topology
Surface modification of urinary tubes

assay after 24 hours |
of exposure

slebars=20um PRGN R

+2.5_SK_10x2

Microbes grow & migrate slower
Over selected topographic surfaces



Catheter Migration Studies

No Microbial Sharkletsurface

Migration Silicone Bridge

Migration — _— Smooth surface
‘ -' Silicone Bridge

No Microbial

Migration No Bridge

SharkletTopography Greatly Slows Microbe Migration



New Technologies

Biofilm Blocking/Dispersive Molecules
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Bladder Augmentation with Bowe

roblems and Complications
MAucus
ABowel obstruction
ACancer



Urinary Bladder Regeneration
Organ Regeneration Technology Platform

Autologous Cells Scaffold Neo-Bladder Construct
!_' ,‘ -’ s

wConstruct catalyses

In-vivo Regeneration :
i regenerative process

T wAs scaffold degrades, bladder

wall is regenerating

uDeveloped from bladder
biopsy, technology advancing
to obtain cells from fat biopsy

*Oberpenning et al, Nature Biotechnology, 1999



TissueEngineered Autologous Augmentatio
Cystoplasty

Atala et al. Lancet 2006; 367:1244






Morphological Analysis31 months after
Augmentation Cystoplasty

Atala et al. Lancet 2006; 367:1244



Future Therapeutic Options

Meta 3 Adrenergic Agoni@lirabegron- Astellas
Solabegroing alter intracellular second messenger leve
IN smooth muscle androtheliumto promote relaxation.
MurinergidReceptor Blockeisstill in thelaboratory, but
promising

AntravesiculaBotox (no injectiondnd TargetedBotox
Amprovements in permanent tube drainage
Advancements in Regenerative Tissue and Stem cell
research

Arargeted Gene TherasiRNAor other SCI therapies
Improving bladder function
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