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THE RENAL 
SYSTEM

Kidney

Ureter

Bladder

Sphincter

RENAL ANATOMY

• Bean shaped organs (paired and bilateral)

• Covered by thin, fibrous, tough, outer capsule

• Adult weight-150 grams males/135 grams females

• Right generally 1-2cm. lower that the left (due to 
liver) L1-L3

• Left longer thinner (no compressing structures)  T12-
L3

• Lower pole angles toward abdomen

• 3 zones 

cortex (glomerulus)

medulla (pyramids, columns, papilla)

renal pelvis (where urine is funneled on its exit    

out of the body)

**

RENAL BLOOD FLOW

• Renal arteries branch off the aorta, 
splits into typically 5 segmental 
arteries supplying specific parts of the 
kidney without collateral circulation

• The posterior artery is the first branch 
and courses posteriorly to the                     
renal pelvis, all the others course 
anteriorly.

• If the posterior artery courses 
anteriorly (what  can result ??)

• Renal vein carries blood away from 
kidney in the same course. Renal blood flow

R-L
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KIDNEY NEPHRON
GLOMERULUS, BOWMAN’S CAPSULE, PCT, 
LOOP OF HENLE, DCT, COLLECTING DUCT

• Millions of nephrons live in the cortex and medulla

• 20-25% of the cardiac output is filtered through the 
kidneys   IN adults approx. 7 liters/hour filter through the 
nephrons- only about 1% leaves the body as urine.  

• Newborns have a lower mean arterial pressure and 
increased renal vascular resistance, so only about 4-6% 
of the cardiac output is filtered through the kidneys

• Nephron consists of arterioles that carry blood to and 
from the glomerulus (cluster of capillaries and the renal 
tubule)

• Glomerulus surrounded by Bowman's Capsule, blood is 
filtered across the capillary membrane and collected into 
Bowman’s capsule.

• Nephrons:  4 functions glomerular filtration,  tubular 
reabsorption, tubular secretion,  ductal excretion

RENAL MICROSCOPIC STRUCTURE
THE NEPHRON- 3PARTS

• The Nephron can be divided into

three parts
1) Vascular Components

2) Tubular Components

3) Collecting Ducts

RENAL MICROSCOPIC STRUCTURE
THE NEPHRON- 3PARTS

• The Nephron can be divided into

three parts

1) Vascular Components

2) Tubular Components

3) Collecting Ducts

*
*

Descending , 
Ascending Thin
Ascending Thick

*

NEPHRON MICROSCOPIC
VASCULAR STRUCTURE

• Afferent arterioles bring blood to the glomerulus
• The glomerulus is a network of capillaries where 

the filtration takes place
• Bowman’s Capsule surrounds the capillary bed 

called the glomerulus
• Efferent arterioles take blood as it exits the 

glomerulus to the second capillary bed of 
peritubular capillaries

• Peritubular capillaries are the blood supply to 
the proximal and distal tubules of the cortex

• Efferent arterioles of the juxtaglomerular 
nephrons send off branches to create the vasa 
recta (a loop of straight vessels that stretch deep 
down to supply the medulla and loops of Henle 
and back up towards the cortex

• Remember the glomerulus is a completely 
arterial system so anything that affects the 
arterial system affects the glomerulus and the 
blood supply to the kidneys

CORTEX

MEDULLA

PCT

DCT

GLOMERULUS
BOWMANS CAPSULE

• The blood pressure in the glomerular 
capillaries results in the filtration 
process 

• Podocytes and glomerular endothelium 
form a leaky filtration membrane 
(filtration slits)that permits the passage 
of water and small solutes from the 
blood into Bowman's space.

• Blood cells and most plasma proteins 
remain in the blood because the are to 
large to pass through the filtration 
system

Picture courtesy of Dr Sharon Andreoli
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KIDNEY NEPHRON
PROXIMAL CONVOLUTED TUBULE

• Filtrate received from Bowman's capsule

• Proximal convoluted tubule (PCT) 
compacted with microvilli that increase the 
surface area. 

• Allowing a large volume of reabsorption  of 
Na, glucose, K, Amino acids, HCO3, PO4, 
Urea, H2O into the blood (peritubular 
capillaries) 

• (ADH not required)

KIDNEY NEPHRON-LOOP OF HENLE

• Receives filtrate from the PCT

• Loop of Henle descends into the renal medulla before 
reversing direction ascending back toward the 
periphery

• Comprised of the descending limb, thin ascending 
limb, and thick ascending limb

• Surrounded by peritubular capillaries (Vasa Recta) 
that allow reabsorption and secretin of solutes 
to/from blood

• Descending limb - water reabsorption, Na+ diffuses 
in (300mOsm/L-1200 at the bottom)

• Thin ascending loop Na+ passively reabsorbed jnto
interstitium. Impermeable to H2O so -- osmolarity 
decreases to 600mOsm/L

• Thick ascending loop-active transport of NA, 
impermeable to water.  Known as diluting segment

DISTAL CONVOLUTED TUBULE

• From the ascending limb of Henle into a 
coiled distal convoluted tubule.

• (Early DCT=10%NA, 20%H2O) NA,K, 
pumped out using hormone ATP (adenosine 
triphosphate)

• DCT impermeable to H2O but…..If water 
conservation is needed,  ADH increases 
making DCT and collecting ducts permeable 
to water H2O reabsorption

• If blood Ca low stimulates parathyroid gland 
to produce PTH which stimulates channels in 
DCT to pump Ca into blood

Ca

Hormones-
active transport
ATP,  ADH, PTH

COLLECTING DUCT

• The distal convoluted tubule drains into 
collecting ducts, each duct collects 
urine from several different nephrons. 

• The duct extends through the renal 
pyramid to the papilla   minor calyx 
major calyx     renal pelvis   ureter

• Reabsorption of H2O(ADH required)

• Reabsorption or secretion of Na+, K+, 
H+, NH3+          (acid base balance)

• What medication can be used to 
increase reabsorption of water?

Requires 
ADH

Collecting ducts
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SUMMARY FUNCTION OF NEPHRON

Slide borrowed from Micha Komorniczak (Poland)

FUNCTIONS OF THE KIDNEY

• Regulate blood 
pressure

• Filtering minerals from 
blood

• Maintain fluid balance
• Filtering waste

REGULATE BLOOD 
PRESSURE

When sodium levels and/or 
blood volume are low, or when 
blood potassium is high, cells in 
the kidney release the renin. 

The enzyme renin converts 
angiotensinogen (released by the 
liver) to the hormone angiotensin 
I. 

ACE, an enzyme found in the 
lungs, metabolizes angiotensin I 
into angiotensin II. 

Angiotensin II makes blood 
vessels constrict and, in turn, 
causes blood pressure to 
increase. 

II

REGULATE BLOOD 
PRESSURE

The presence of angiotensin II causes 
the release of the aldosterone in the 
adrenal glands.

This causes the renal tubules to retain 
both water and sodium as well as 
excrete potassium. 

Angiotensin II and aldosterone work to 
raise blood volume and blood pressure. 
It also raises sodium levels in the blood 
to restore the balance of sodium, 
potassium, and fluids. 

When the renin-angiotensin system is 
overactive, high blood pressure remains 
persistently high.
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GLOMERULUS
JUXTAGLOMERULAR COMPLEX
CONTRIBUTION TO REGULATION 

• 3 cell types - Autoregulation allows kidney to 
adjust its own arteriole resistance to keep renal 
blood flow and GFR constant over a wide range 
of BPs 

• Macula densa- sense when NACL is low in DCT as 
in hypovolemia or hypotension. It communicates 
with the JG cells renin is secreted, to dilate the 
afferent arteriole allowing blood into the 
glomerulus.     GFR

• Juxtaglomerular-sense change in BP by stretch of 
the afferent arteriole. If BP high the Macula densa
cells secrete adenosine, communicates to constrict 
arteriole decreasing blood into the glomerulus.           
GFR.  

• Extraglomerular mesangial or Lacis cells- less 
understood but contribute to secretion of renin and 
erythropoietin

JG

DCT

Picture courtesy of 
Sharon Andreoli

ACID –BASE BALANCE

• Kidneys and lungs regulate external 
acid base balance

• Kidneys control PH through 
absorption and elimination of H and 
Bicarbonate ions 

• PCT reabsorbs aprox.80-90% of 
filtered bicarbonate

• Neonates are more prone to 
acidosis imbalance due to the 
inability of the neonatal kidney to 
reabsorb bicarb ions

• In response to alkalosis bicarbonate 
is secreted and hydrogen is 
reabsorbed

• In response to acidosis bicarbonate 
is reabsorbed and hydrogen is 
secreted 

MAINTAINING FLUID/ELECTROLYTE  
BALANCE

• Na is the major solute in extracellular fluids and 
determines osmolarity of fluids (272-290mOsm/L

• Adrenal gland senses increased osmolarity and 
inhibits aldosterone secretion . Aldosterone 
increases the active reabsorption of sodium in the 
tubule.

• Lack of aldosterone causes less Na to remain in  
the distal tubule. 

• If water conservation is needed,  ADH increases 
making DCT and collecting ducts more 
permeable to water H2O reabsorption

• Net effect is decreased osmolarity of plasma

• Urine output is decreased, urine osmolarity is 
increased

ELECTROLYTE IMBALANCES
SODIUM

• Sodium is the most common ion 
outside of the cell

• Normal blood level:  135-145 meq/L
• Reabsorption of Sodium is controlled 

by distal convoluted tubule and 
aldosterone

• Sodium is important for
• Osmotic pressure

• Cardiac depolarization

• Neuromuscular function
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ELECTROLYTE IMBALANCES
HYPERNATREMIA

Causes
• Inadequate water intake
• Dehydration
• Diabetes Insipidus (DI)

Signs/Symptoms=Symptoms of dehydration
• Body weight loss  -Poor skin turgor
• Sunken fontanel  -Dry mucous membranes
• Tachycardia - Decreased BP
• Diminished peripheral pulses
• Skin Perfusion goes from warm/pink to 

cool/pale to cold/grey and mottled
• Sensorium goes from irritable to 

unresponsive
• Urine output from oliguria to anuria

Treatment

Fluid Administration

Correct slowly by 1-2 meq/hr

There is a rapid shift of the osmotic 
gradient so water moves into the blood

This increases the risk of cerebral 
edema

This causes a risk of intraventricular 
hemorrhage (esp neonates)

Correct DI

ELECTROLYTE IMBALANCES
HYPONATREMIA

• Causes
• Excessive water intake (dilutional)
• Excessive water loss (diarrhea)
• SIADH (syndrome of inappropriate 

antidiuretic hormone secretion) can be 
related to meningitis, encephalitis, mass/bleed, trauma 
subdural hematoma, hydrocephalus, Guillain-Barre MS      
(lung, GI ,GU cancers)

vs. CSW (Cerebral Salt Wasting) caused 
by                 

brain injury, trauma or cerebral lesion, tumor, or hematoma

• Signs & Symptoms
• Weakness, headache, irritability, 

seizures (life threatening)

• Treatment
• Administer 3% sodium slowly 

raising sodium levels by 1-2 
meq/L/hour

• May give diuretics to get rid of 
excess fluid

ELECTROLYTE IMBALANCES
POTASSIUM

• Potassium is the most common ion in the cell
• Normal blood level:  3.5 – 5.0 meq/L
• Potassium secretion is influenced by the acid/base balance. In the 

presence of acidosis, hydrogen ions move into the cell and potassium 
ions move outside the cell and the potassium level is elevated.   
Potassium is important for
• Neuromuscular activity
• Cardiac muscle excitability

• Is involved in glucose transport into the cells

ELECTROLYTE IMBALANCES
HYPERKALEMIA

• Causes
• Renal Failure
• Crush Injuries (cells release potassium)
• Acidosis
• Iatrogenic Administration (too much potassium 

given
• Signs & Symptoms

• Weakness
• Peaked T-waves leading to ventricular arrhythmias 

or ventricular fibrillation

• Treatment
• If potassium level is > 6 and myocardial 

toxicity is present treatment is necessary
• Give IV Calcium Gluconate to stabilize the 

cardiac cell membrane
• Eliminate all exogenous sources of potassium
• To move potassium back into the cell

• Give Glucose and Insulin together
• Induce alkalosis by giving bicarbonate

• To eliminate potassium from the body
• Give Kayexalate (a resin that trades a sodium 

molecule for a potassium molecule) and then remove 
the potassium from the body via the GI tract
• Can administer PO, NG or rectally

• Hemodialysis 
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ELECTROLYTE IMBALANCES
HYPOKALEMIA

• Causes

• Alkalosis

• Diuretic Therapy

• Inadequate Intake

• Diarrhea/Vomiting

• NG Suctioning

• Signs & Symptoms

• Muscle Weakness

• Weak, Irregular Pulses

• ST depression/flat T-waves

• Abdominal distension/vomiting

• Treatment:  Treat the Cause
• If level is low enough replace with PO or IV 

potassium
• For IV Replacement

• Dose:  0.5-1 meq/kg
• Administer slowly *NEVER BOLUS
• Rapid administration can cause ventricular 

fibrillation
• Use a Central Line if concentration is>60 

meq/L

OTHER ELECTROLYTES IMBALANCES

• Calcium and Magnesium levels rise and fall together
• Phosphorus rises and falls inversely to Calcium and 

Magnesium
• Hypocalcemia is caused by renal failure

• Treat with Calcium Gluconate
• Give slowly over 30min to 1 hour
• Monitor cardiac rhythm with administration

• Hypomagnesium (heart, muscles, and nerves)
• Caused by starvation, alcoholism, diarrhea, PPIs, 
• Treat with IV Magnesium (slowly over 2 hours)

• Hyperphosphatemia
• Caused by renal failure
• Treat with Phosphorus Binders (PO calcium taken with food)
• Treat with dialysis

ACUTE RENAL FAILURE

• Loss of renal ability for filtration and 
tubular reabsorption

• Waste Accumulation

• Fluid and Electrolyte Imbalances

• Acid/Base Imbalances

• Etiology can be

• Pre-Renal

• Renal

• Post Renal

By OpenStax College - Anatomy & Physiology, Connexions Web site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013., CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=30148548

ACUTE RENAL FAILURE
PRE-RENAL, RENAL, POST-RENAL

PRE-RENAL

• Decreased Circulating Blood Vol. 

• Hypotension

• Hemorrhage

• Dehydration

• Sepsis

• The kidney sees decreased blood 
volume due to decreased cardiac 
output

• RENAL

• Glomerulonephritis

• Crush Injuries

• Lupus

• Acute Tubular Necrosis

• POST-RENAL

• Obstruction of Urinary Drainage 
System

• Toxin or drug ingestion
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ACUTE RENAL FAILURE
PATHOPHYSIOLOGY

• Blood Flow to kidneys is reduced 50-75%
• GFR & renal cortical blood flow are reduced
• Renin & aldostrone secretion is stimulated which results 

in
• Sodium Retention
• Water Retention
• Decreased Urine Output

• Signs & Symptoms often do not show until 70-80% of 
renal function is lost (Silent Disease)
• Can see decreased urine output or no decrease in urine output

• <0.5 ml/kg/hour in children
• <1.0 ml/kg/hour in infants

ACUTE RENAL FAILURE
ELECTROLYTE IMBALANCES

• Hyperkalemia
• GFR is reduced (blood flow to kidney reduced)so 

urine formation rate is reduced and therefore 
potassium secretion in the collecting tubule is 
decreased and potassium levels rise in the body

• Hyperphosphatemia
• As GFR falls, more phosphate is actively transported 

out of the tubules and into the blood stream
• Hypocalcemia

• As a result of the high phosphorus levels

ACUTE RENAL FAILURE
SYSTEMIC EFFECTS

• Increased BUN:  >80 mg/dL
• Increased Creatinine:  >1.5 mg/dL
• Lethargy, confusion, seizure, coma
• Metabolic Acidosis due to decreased secretions 

of hydrogen ions and decreased reabsorption 
of bicarbonate ions

• Anemia
• Heart Failure
• Hypertension
• Edema

ACUTE RENAL FAILURE
MANAGEMENT GOALS

• Eliminate cause of Renal Failure
• Monitor and adjust drugs eliminated by the 

kidneys
• Correct Electrolyte Imbalances
• Restrict Fluid Intake
• Maintain Nutrition
• Diuretic Therapy if kidneys are responsive
• Renal Replacement Therapies



10/30/2019

9

ACUTE RENAL FAILURE
MANAGEMENT-DIETARY

• Strict Adherence to Fluid Restrictions
• Dietary Restrictions
• Consult with renal dietician regarding allowed 

servings per day of restricted foods
• Low Sodium

• Avoid soups, salted foods, high sodium meats

• Low Potassium
• Avoid potatoes, tomatoes, chocolate, nuts, citrus fruits, bananas, 

and any food products made from these foods, high potassium 
drinks like gatorade

• Low Phosphorus
• Avoid all dairy products

BASIC ANATOMY

Male    Female

Kidneys

Ureters

Detrusor 
Muscle
(smooth)

Internal
Sphincter

External
Sphincter/
Urogenital
Diaphragm

Receptors

M3
B3

Alpha 1
Adrenergic

Nicotinic 
receptor

External
Sphincter
only

NERVOUS SYSTEMS OF THE URINARY TRACT

• CNS - Central nervous system- brain, brain stem, midbrain, PONS, cerebral 
cortex 

• Autonomic nervous system – Sympathetic-
Hypogastric secretes NE (norepinephrine) targets Beta3 R of the bladder wall,  
and the Alpha 1R on the internal sphincter for holding urine

• Parasympathetic pelvic efferent nerve secretes  ACH targets Muscarinic3R in the 
bladder wall to contract and release urine.              

• Somatic Nervous system - pudendal nerve secretes ACH which targets nicotinic 
R of the external sphincter to release urine,.  We have voluntary control over 
this.

COMMUNICATION BETWEEN
BRAIN, CORD AND LOWER URINARY 

TRACT

Cerebral cortex/higher brain makes 
you aware of sensation (full or 
empty)

Pons- center for storage and voiding

Thoracic/lumbar signals/synapses

Sacral cord reflex
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SPINAL CORD-EMPTY BLADDER

Sacral

Thoraco/
lumbar

1. Empty bladder has very slow and very 
few action potentials because there is no 
stretch on the detrusor muscle. This results 
in a very low impulse from sensory afferent 
neurons (pelvic nerve) that synapses with 

l d

2. Ascending fibers to lateral gray horn of 
thoracic/lumbar region synapse with the Inf. 
Mesenteric Ganglion which synapses with the  
hypogastric nerve in 2 destinations (detrusor 
wall and internal sphincter). Here it releases 
norepinephrine (NE).

Inf. Mesenteric      
Ganglionic 

Hypogastric 
nerve

B3

Alpha 1 R

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --- --- --- --- --- --- - --- -- -- ----
Pelvic nerve

SPINAL CORD                               
EMPTY BLADDER

sacral

Thoraco/
lumbar

NE (Norepinephrine) binds with the 
special receptors in the internal 
sphincter alpha 1 adrenergic) to 
stimulate contraction.

Specialized receptors on the the 
bladder (detrusor) wall Beta 3 (97%) 
bind with NE causing K ions to leave 
the smooth muscle resulting in 
relaxation, or inhibiting contraction.

B3

Alpha 1

Hypogastric nerve releases NE

What Beta 3 adrenergic agonist (medication) stimulates Beta3 receptors to relax the detrusor muscle?

PONTINE STORAGE CENTER – EMPTY BLADDER

Parasympathetic pelvic nerves send a 
message to cerebral cortex, the bladder is 
empty and the cortex stimulates the 
Pontine storage center/PSC.

Descending fibers from the PSC stimulate 
sympathetic neurons of the hypogastric 
nerve to continue to relax the detrusor 
muscle and contract the int. sphincter.

Parasympathetic Pelvic Nerve

*

*

Inf.Mesenteric Ganglion
B3

Alpha 1

Hypogastric 

PONTINE STORAGE CENTER-EMPTY BLADDER

Somatic nervous system: 
WE HAVE CONTROL
PSC synapses in sacral area of 
the
anterior gray horn sending a 
message to the pudendal nerve 
. The pudendal nerve synapsing 
with the nicotinic type 1 
receptors
of the external sphincter 
stimulating release of 
ACH/Acetylcholine.  
ACH stimulates sphincter 
contraction. (male and female)

Pudendal Nerve
ACH

Nicotinic Type 1 R
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PONTINE MICTURITION CENTER – FILLING BLADDER

When the bladder is approx. ½ full, 
stretch receptors sense change and 
the pelvic sensory nerve increases 
firing fast signals to the sacral cord 
region. The impulses bypass the 
thoracic cord and go straight to the 
cerebral cortex and your aware 
“first urge”. If its not appropriate to 
void. The process we reviewed 
continues to be stimulated by the 
PSC.  Keeping the bladder relaxed 
and the sphincters contracted.

Parasympathetic Pelvic Nerve

*

*

B3

Alpha 1

-- -- -

PONTINE MICTURITION CENTER – FULL BLADDER

The bladder is really full now.
Stretch receptors in the bladder wall 
bypass the TL cord and send 
impulse to PMC and cerebral 
cortex. Higher brain/cortex to make 
a decision to go to the bathroom, 
the cortex will send axons to 
stimulate the PMC and inhibit the 
PSC.

Parasympathetic Pelvic Nerve

*

*

+-

PONTINE MICTURITION CENTER – FULL BLADDER

The PMC sends a message to 
the TL cord to decrease/inhibit 
the impulse to the Beta 3 
adrenergic receptors on the 
detrusor wall. Allowing the 
detrusor to contract AND
to the internal sphincter alpha 
adrenergic type 1 receptors to 
decrease NE, so int. sphincter 
relaxes

Parasympathetic Pelvic Nerve

* B3

Alpha Adrenergic 1                NE

PONTINE MICTURITION CENTER – FULL BLADDER

The PMC sends a message to the anterior 
gray horn of sacral cord to 
increase/stimulate the impulse to the M3 
Muscarinic receptors on the detrusor wall to 
release Acetylcholine /ACH to stimulate 
detrusor contraction.

Parasympathetic Pelvic Nerve

M3
ACH

What drug blocks muscarinic M3 receptors 
in the 
detrusor wall to inhibit the action of ACH, 
(relaxing the bladder)?
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PONTINE MICTURITION CENTER – FULL BLADDER

Descending fibers from the PMC go 
to the somatic region of the spinal 
cord, synapsing with  the anterior 
gray horn, parasympathetic region 
of the spinal cord (S2,3,4). The PMC 
inhibition of the somatic motor 
neurons in the pudendal nerve 
leaves little to no input to the 
nicotinic receptors (blocks ACH) 
causing the external sphincter to 
relax, and voiding to occur.

Parasympathetic Pelvic Nerve

Nicotinic Type 
1Receptors 
EXT. Sphincter

M3
ACH

VOIDING REFLEX

sacral region
Pelvic nerve (afferent sensory fibers) from 
the detrusor will keep sending impulses to 
sacral cord region.

Pelvic nerve (efferent fibers) are 
stimulated causing contraction of the 
detrusor muscle.  This is continuous 
loop until the bladder is emptied. 

. 

Intraneuron

END RESULT COMPOSITION OF URINE

• 95% water
• Urea (nitrogenous waste product)
• Small amounts of Na, K, Cl, Ca, Mg, Uric acid
• Bicarbonate HCO3
• Drugs 
• Toxins

COMPOSITION OF URINE –INDICATES PATHOLOGY

• Glucose, 100% reabsorbed in the PCT,  ?DM

• Protein-glomerulonephritis, high BP, heart failure, exercise, pregnancy, can be the 
first sign of renal disease

• Ketones- starvation, uncontrolled DM,   High Fat/High Protein diets like Adkins

• Bilirubin- liver disease, cirrhosis, hepatitis, obstruction (gallstones), medications

• Hemoglobin- Hemolytic anemia, sickle cell, G6PDH deficiency, 3rd degree burns, 
mismatched transfusion,  related to cells bursting and filtrating across the 
glomerular membrane

• RBC-Hematuria, tumor, polycystic kidney disease, pyelonephritis, cystitis, trauma 
, stones, sometimes severe voiding dysfunction

• WBC- pyuria, UTI, other types of infection 
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SUMMARY

• Empty Bladder

• Bladder pelvic nerve sends a message 
to sacral spinal region, then stimulates 
the thoracic cord synapse with the 
hypogastric nerve to stimulate Beta3 to 
relax and alpha one to contract the 
internal sphincter.  The pons storage 
center communicates empty bladder to 
sacral region (no need to void) so the 
pudendal nerve continues to stimulate 
the nicotinic receptors to contract ext. 
sphincter.

• Full Bladder

• Bladder pelvic nerve sends a message to sacral cord 
bypasses thoracic cord goes to the pons and cortex. 
The higher brain makes a decision time to void, and 
stimulates the PMC, and inhibits the PSC

• The PMC sends a message to thoracic cord to inhibit 
the hypogastric stimulation to Beta3 and Alpha 
1receptors, allowing contraction of bladder and 
relaxation of sphincter.

• The PMC stimulates Muscarinic3 receptors to release 
ACH causing the bladder to contract.  It inhibits the 
pudendal nerve (blocking ACH) to the nicotinic 
receptors allowing relaxation.

• Pelvic nerve works in a loop between the sacral region 
of the cord and bladder to allow continuous bladder 
contraction.

😳😳😳😳

Thank you!!!!!!
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