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Renal physiological role

1. Control of H2O and ion balance.
2. Control of acid-base status and pH homeostasis.
3. Endocrine role.
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Three basic processes underlie the formation of urine:
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Blood flow
and filtration



  

1. Fluid in Bowman’s space is a “protein-free” ultrafiltrate of plasma
(normal electrolytes, glucose, amino acids, etc., & pH ~7.4)

2.   “Filterability” of a solute depends on:
- Molecular size
- Electrical charge

(anions are restricted)
- Shape

(rigid/globular molecules are restricted)

Foot processes
are negatively

charged
 (glycoproteins)

Slit diaphragm
(pores 4-14nm)

Basement membrane
negatively charged 

molecular sieve
(sialic acid, muco-
polysaccharides)

Capillary fenestrations
70 nm “holes”

The filter is complex:



  

Afferent Efferent

Forces (Starling’s) determining filtration:

PBS

 Favouring filtration:
• Hydrostatic pressure in the glomerular capillaries (PGC~48mmHg)
• Oncotic pressure in Bowman’s space (ΠBS) ~ negligible

GC

∏BS

PGC

Opposing filtration:
• Oncotic pressure in the glomerular capillaries (ΠGC~25mmHg)
• Hydrostatic pressure in Bowman’s space (PBS~10mmHg)



  

GFR = Kf.[(PGC - PBS)-(GC)]

Determinants of filtration rate:

Lp = hydraulic conductivity
Sf = area available for filtration

•  Kf ~X10 that of other systemic capillary beds.

Lp.Sf

Ultrafiltration coefficient

Ultra filtration pressure (PUF)



  

Autoregulation of blood flow and GFR:

“Autoregulatory
range”
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(i) Myogenic mechanism
(ii) Tubuloglomerular feedback



  



  

Tubuloglomerular feedback (TGF):

Single 
Nephron

GFR

Luminal [NaCl] at macula densa

SNGFR regulated according to “solute flow”

Macula densa cells
act as “sensors”

Aa dilatation

Aa constriction



  

Alterations in arteriolar resistance affect GFR:

Aa Ea

glom

filtrate

Aa
dilatation Ea

constriction

GFR 

Aa
constriction

Ea
dilatation

GFR 

PGs
Kinins
Dopamine
ANP
NO

Ang II
(low dose)

Ang II (high dose)
Noradrenaline
Endothelin
Adenosine
Vasopressin
(PG blockade)

Ang II 
blockade



  

“The volume of plasma that is cleared 
of a substance per unit time”

Ux = urine concentration (mg/ml)

Px = plasma concentration (mg/ml)

V = urine flow rate (ml/min)
.

Cx = Ux.V 
Px

.
ml/min

Renal clearance:



  

Clearance of inulin / creatinine = GFR:

Delivery = PIN X RPF

UIN X flow (amount excreted)

PIN X GFR
(amount filtered)

Amount filtered = Amount excreted
Therefore CIN = GFR ~ 125 ml/min (180 litres/day)

No reabsorption
or secretion

CX < CIN < CXreabsorption secretion
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Tubular
solute transport



  

Lumen of 
tubule

Transcellular reabsorption

Transcellular secretion

Paracellular secretion or reabsorption

Peritubular
capillary

Tubular epithelium

Transepithelial pathways:



  

3Na+

2K+

ATP

ADP + Pi

Mechanisms of NaCl transport – general principles:

ALL SEGMENTS
active electrogenic

Na+ extrusion at
 basolateral membrane

7-10% of body O2 consumption
(0.5% of body weight!)

Apical entry
of Na+

CD
Channel (Na+)

DCT
Cotransport (Cl-)

TAL
Cotransport (K+ & Cl-)

PCT
Cotransport (organics & HPO4

2-)
Exchange (H+ - secretion)

Transcellular 
- depends on transporters & channels

K+

ALL SEGMENTS
recycling of K+

via “pump & “leak”

Paracellular 
reabsorption
significant in
PCT & TAL

Paracellular – passive diffusion driven by +ve lumen pd

Na+

•  In general Cl- & H2O follow Na+ passively

-50 to -70 mV

[Na+] ~ 10 mM

•  H2O can “drag” solutes

lumen interstitium



  



  



  

Glucose handling



  

Properties of the loop:

Thin ascending limb
Impermeable to H2O, 
permeable to solute:
allows passive exit

of solutes.

Thick Ascending limb
Impermeable to H2O

actively transports NaCl:
active exit of NaCl

Descending limb
Permeable to H2O

& solute:
allows passive entry

of solutes 
& exit of H2O

active salt movement

passive salt movement

water movement



  

Vasa recta are exchangers & preserve the c-m gradient:

•  Relatively low blood flow
& counter current exchange
mechanism minimizes 
wash-out of the medullary
hypertonicity.

•  A “compromise”:
nutrients and O2 are 
delivered to the inner 
medulla – corticomedullary
osmotic gradient is preserved.



  



  

Regulation of plasma osmolality

Hypothalamic
osmoreceptors

Posterior
pituitary

ADH
secretion

lumen Capillary

ATP

cAMP

Inactive
 PKActive PK

Pi

Aquaporins
H2O

ADH

osmolality

ADH

CD principal cell



  

ADH enables H2O equilibration across the DT & CD:

-ADH + ADH



  

Mechanisms of acidification
and bicarbonate reabsorption



  

H+

Proton
secretion

Reabsorption of filtered HCO3:

Filtered
HCO-

3

H2CO3

H2O + CO2

 CO2H2O + CO2

Metabolism

H2CO3

HCO-
3

“reabsorbed”
HCO3

-

CA
CA
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H+

 CO2H2O + CO2

Metabolism

H2CO3

HCO-
3

“new”
HCO3

-

CA

HPO4
2-

Filtered

H2PO4
-

Excreted in
urine

Formation of “titratable acid” generates HCO3
-:

H+



  

“new”
HCO3

-

Excreted in
urine

Excretion of NH4
+ generates HCO3

-:

NH3
2HCO-

3

glutamine

H+

NH4
+

H+



  

Endocrine function



  

ADH



  

Renin



  

Renin-Aldosterone



  

Vitamin D



  

Erythropoietin



  

Diuretics



  



  



  



  

Acute Renal Failure



  

• ARF: acute oliguria (<400ml/day) or a rapid (hours 
to weeks) decline in GFR as manifested by a rise in 
Ur and Cr.

• It is generally believed that a urine output of 
<0.5ml/kg/hr for greater than two hours is an 
important marker of renal hypoperfusion and should 
trigger remedial action.



  

Causes of ARF
Prerenal: 21%
• ↓CO (dysfunction or hypovolaemia).
• Redistribution of blood (sepsis, liver fail.).
Renal: 45%(ATN)
• ATN(from any prolonged prerenal cause)
• ATN from toxins (drugs, contrast media)
• Vasculitis, emboli, glomerulonephritis.
Postrenal: 10%
• Obstruction (stones, prostate, tumours etc.)



  

Management of ARF

Principles:
1. Treat hyper-Kalaemia first.
2. Correct hypovolaemia, establish effective circulating 

volume.
3. Treat hypoperfusion.
4. Exclude obstruction as soon as possible.
5. Treat the underlying cause.



  

Renal Replacement Therapy

Indications:
1. HyperKalaemia especially if ECG changes.
2. Volume overload.
3. Metabolic Acidosis severe and worsening.
4. Uraemic complications (encephalopathy, 

pericarditis and seizures).



  

Renal support in cardiac failure



  

Step 1

1. Posture and oxygen.
2. Nitrates.
3. Loop diuretics. Indicated for all patients with 

acute pulmonary oedema. (Frusemide). Generally 
the initial iv dose should be 2x the usual daily dose 
and at a rate of <4mg/min.

4. Opioids. (venodilation, ↓preload).



  

Step 2
1. Escalate diuretic dosage. Urinary catheter for urine output, double 

initial diuretic dose. The dose escalation to overcome the substantial 
diuretic resistance of renal impairment is frequently underestimated. 
(250mg-500mg are not uncommon).

2. Sequential nephron blockade. Compensatory increase in ion transport 
by the remaining tubular symporters →response to frusemide declines. 
To minimise this effect bendrofluazide is added po, cautiously 
followed by amiloride or spironolactone in refractory cases.(to 
maintain not to initiate diuresis).

3. Dopamine. (Needs central venous access)
4. Dobutamine. ↑contractility.
5. CPAP.
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