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Urinary incontinence 
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Lower Urinary Tract Function 
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 Low pressure urine storage without leakage 

 

 Complete, periodic, voluntary expulsion of urine 

 

 Involves coordination of peripheral autonomic 
(parasympathetic, sympathetic), somatic, and central nervous 
systems 

 

 UNIQUE 



Bladder Anatomy 
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 Body – above UO’s 

 Base – trigone, bladder neck 

 

 Layers 

 Serosa 

 Smooth Muscle + ECM (~50/50) 
 Collagen, elastin in proteoglycans matrix 

 Lamina Propria 

 Urothelium 



         BLADDER ANATOMY 
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              Nervous System 
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 Parasympathetic = peripheral nerves that exit craniosacral 
spinal cord 

 

 Sympathetic = peripheral nerves that exit thoracolumbar 
spinal cord 

 

 Preganglionic fibers are myelinated 

 

 Postganglionic fibers are unmyelinated 
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Sympathetic Efferents 
(Motor From Cord) 
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 Preganglionic nerves exit T10-L2 

 Variable ganglia locations 

 ‘Paraganglia’ – next to vertebrae 

 ‘Preganglia’ – between vertebra and organ 

 ‘Peripheral ganglia’ – with end organ 

 Hypogastric Nerve 

 Modulate contraction of urethral smooth muscle, bladder 
outlet 

 Inhibit parasympathetics – indirectly inhibit bladder 
contractions 



Parasympathetic Efferents 
(Motor From Cord) 
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 Preganglionic nerves exit S2-4 

 Nuclei in intermediolateral zone of sacral cord 

 

 Nerves travel long distances to ganglia within or next to 
target organ 

 

 Pelvic Nerve 

 

 Modulate bladder contractions 



Somatic Efferent  
(Motor From Cord) 
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 Preganglionic nerves exit S2-4 

 

 Nerve bodies located on Onuf’s nucleus 

 

 Pudendal Nerve 

 

 Modultaes striated (voluntary) urethral sphincter contracton 



Afferent Innervation  
(Sensory to Cord) 
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 Afferent fibers contained in pelvic, hypogastric, pudendal 
nerves 

 Enter via dorsal root ganglia 

 Sacral – pelvic, pudendal 

 Lumbar – hypogastric 

 Two types 

 A-delta fibers  

 C fibers 

 Neurotransmitters - numerous 



Afferent Fibers 
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 A- delta (myelinated) 

 Sense bladder fullness, wall tension 

 Initiate normal voiding reflex 

 

 C fibers (unmyelinated) 

 Detect noxious signals 

 Insensitive to normal distention 

 Become active (mechanosensitive) following inflammation, 
suprasacral SCI 

 Felt to initiate pathologic voiding reflex 



Neurotransmitters 
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 Parasympathetic 

 Preganglionic neurotransmitter = Ach 

 Postganglionic neurotransmitter = Ach 

 Cholinergic Receptors 

 

 Sympathetic 

 Preganglionic neurotransmitter = Ach 

 Postganglionic neurotransmitter = NE 

 Adrenergic Receptors 
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Receptor Distribution in LUT 
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 Cholinergic 

 Higher muscarinic receptor density in the bladder body than in 
the base 

 Adrenergic  

 Alpha – predominate in bladder base, urethra 

 Beta – predominate in bladder body 



Cholinergic Receptors 
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 Bind Ach released from 

 Postganglionic parasympathetic neurons 

 Preganglionic autonomic neurons 

 Somatic neurons 

 Muscarinic 

 Found on all autonomic effector cells (bladder, sweat glands, 
bowel, CNS) 

 5 known types (M, -M5) 

 Nicotinic 

 Found in skeletla muscle motor endplates, autonomic ganglia 
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Bladder Muscarinic Receptors 
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 M3 

 20% 

 Responsible for muscle contraction 
 Ach binding to M3 elicits intracellular Ca++ release, etc. 

 M2 

 80% 

 May enhance response to M3 stimulation by inhibiting 
sympathetic suppression of detrusor muscle 



Adrenergic Receptors 
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 Bind catecholamines released from postganglionic 
sympathetic neurons 

 NE, E 

 Alpha receptors – vasoconstriction, smooth muscle 
contraction 

 Beta receptors – increased myocardial contractility, smooth 
muscle relaxation 



Contraction 
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 At rest, very low free Ca++ in cell 

 Binding of ligand to receptor increases free Ca++  

 Ca++ release from sacroplasmic reticulum – triggered by G-
protein, IP3 

 Ca++ influx via ion channels 

 Ca++ binds to calmodulin, which can then activate MLCK 

 MLCK phosphorylates myosin light chain 

 Myosin light chain changes shape, interacts with actin => 
contraction 
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Relaxation 
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 Ca++ is pumped out against concentration gradient 

 Also activated by Ca++ – calmodulin complex 

 

 Receptor-ligand complex is degraded 

 

 Excess neurotransmitter outside of cell is degraded 



Storage 
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 Bladder fills, activates A-delta afferents 

 Sympathetics stimulated 

 Internal sphincter contraction (bladder base and urthera) 
(Alpha) 

 Bladder relaxation (Beta) 

 Increased somatic activity via pundendal nerve 

 Increased EUS tone 

 Parasympathetics inactive 

 Sympathetic inhibition of parasympathetic transmission at 
ganglia level (Alpha) 

 SPINAL ‘GUARDING’ REFLEXES 



Voiding 
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 Increased bladder afferent activigy triggers ‘switch’ from 
storage to voiding 

 

 Relaxation of EUS – intial event 

 Inhibition of somatic activity 

 

 Activation of parasympathetic outflow to bladder, urethra 

 Bladder contraction (muscarinic receptors) 

 Urethral relaxation (NO) 

 

 SUPRASPINAL REFLEX 
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               PATHOLOGY 
 Brain Lesion 

 Shy-Drager 

 Hydrocephalus 

 Parkinson's 

 Above Pons 

 Urgency Incontinence 

 Retrusor Hyperreflexia Overactivity 

 No EUS Dyssynergia 



Suprasacral Spinal Cord Injury 
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 Initial spinal shock 

 Emergence of sacral reflex 

 Mediated by ‘silent’ C-fiber afferents that become active 

 ? Similar mechanism in other conditions ? 

 OAB 

 These C-fibers can be deactivated by vanilloids (capsaicin, 
Rtx) 

 Rationale for trials of these agents 



Spinal Cord Lesion 
 Between Pons & Sacral Spinal Cord 

  e.g. MVA, MS, Myelomeningocele 

 Spinal Shock 

 6-12 Weeks 

 Overactive Bladder 

 Urgency Incontinence 

 EUS Dyssynergia(DSD) 
 



Sacral Cord Injury  
(Nerve injury) 
 Sensory Nerve Bladder 

 Full Bladder 

 Motor Nerve Bladder 

 Full Bladder (i.e. Detrusor Areflexia) 

 Both Lead To Overflow Incontinence 

  e.g. Sacral Cord Tumor, Herniated disc, Crushed Pelvis, P. 
Lumbar Laminectomy, Radical Hysterectomy, or AP Resection 



Peripheral Nerve Injury 
 Identical To a Sacral Cord Injury 

  e.g. DM, AIDS, Poliomyelitis, Guillan-Barre, Severe Herpes, 
Neurophilitis (Tabes Dorsalis), Pernicious Anemia 



         Urinary Incontinence 
 Conditions of urinary incontinence: failure to store and/or 

empty 

 Stress 

 Urge 

 

 Overflow 

 Transient 

 

 Functional 

 Mixed 

PVR 
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Primary (End-Organ) Causes of 
Voiding Dysfunction 
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 Urgency/OAB 

 Detrusor overactivity 

 With or without leakage 

 

 Stress Incontinence 

 Diminished urethral sphincter funtion and/or 

 Support a.k.a urethra hyerpmobility 



Neurogenic Bladder/Incontinence 

                                    management 
 

 H & P 

 Labs 

 Medical treatment 

 Surgical Treatment 
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Muscarinic Receptor Profiles 
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Detrusor Leak Point Pressure vs. Valsalva Leak 
Point Pressure 

 Detrusor LPP 

 Passive leakage as bladder fills up 

 ‘Pop off valve’ 

 Only applies to those with neurogenic bladder dsyfunction 

 DLCC >40cm H2O puts upper tracts at risk 

 Valsalva LPP 

 Degree of strain that produces stress incontinence 

 Active 

 Assesses degree of urethral function/SUI 
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Labs  
 U / A  

 Urine Cytology (carcinoma-in-situ) 

 Chem 7  - Renal function of DM 

 Voiding Diary 

 PVR 



Labs:  Urodynamics 
 Uroflow 

 Obstruction 

 CMG 

 Capacity of Compliance 

 Pressure Flow Study 
 Bladder Strength / Obstruction 

 
 



Labs:  Urodynamics (2) 
 Voiding Cystogram  

 SUI (Urethral Motion / Cystocele) 

 ISD & Fistula 

 EMG coordinated voiding 

 Video Dynamics (Test All) 

 Cysto , Bladder Cancer, Stones, etc 



Treatment: Medical 
Biofeedback 
 Pelvic Floor Exercises 

 Behavioral Modification 

 Bladder Relaxants 

 Absorbent Products 

 Food & Fluid Adjustements 



Rx:    behavioral modification 
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Rx:         Medication 
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Rx:    Bladder neck support 
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Rx:      Vaginal cone 
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Innovations in Emptying 
 

Chronic or Intermittent 
Catherization! 
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Rx: pessaries-dish, ring, knob 
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Rx:  dish with & without support 
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Neuromodulation with Neurotoxins 
 Botulinum Toxin Injections 

 Cleveland Clinic Bladder Technique 
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Treatment: Surgical Intermediate 
 Neuromodulation 

 Ankle 

 Urinary Diversion 

 Urethral Catheter 

 Suprapubic Catheter 



Rx:  Afferent nerve stimulator 
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Rx:  Interstim neuromadulator 
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 Supraspinal Lesions (above pons) 

 CVA 

 Brain Tumor 

 Parkinson’s & Shy Drager (Degeneration of ANS) 

 



71 



Injectables: Patient Driven Indications 
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 Women with SUI whom wish to undergo a non-operative 
procedure for treatment 

 Non-surgical candidates: co-morbidity 

 Women on anti-coagulation therapy 

 No other vaginal pathology present 

 Adjuvent Treatment 
 Pessary/Tampon + Therapy 

 Plans for future vaginal childbearing 

 Wish to avoid a post-operative recovery period 

 Adjuvant treatment of SUI following surgical intervention 



Treatment: Surgical 
 Open Bladder Neck Suspension 

 Burch / MMK 

 Needle Suspension: (Stamey) 

 Needle Support: (TOT) 

 Neuromodulation: (Surgery) 
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Innovations in Storage: Treatment of 
SUI  
 Increasing uretrhal sphincter function and support using Sling 

Skill Set 

 Platform Slings 
 Mild to Moderate SUI 

 ~ 75% 

 Suspending Slings 
 Moderate to Severe SUI 

 ~ 20% 

 Circumferential Slings 
 Severe SUI 

 ~ 5% 
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