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Learning Outcomes 

 To revise anatomy & physiology of kidney in health: 

 

 To understand basic principles of continuous renal 

replacement therapies: 

 

 

 To describe common modalities of renal replacement 

therapies: 



ANATOMY & PHYSIOLOGY 



 2 bean shaped organs  

 Located in middle of 

back just below the rib 

cage 

 Size of a fist – 110-170g. 

 Receive 1.2l blood every 

minute  

 72L per hour 

 1728L per day 

 25% Cardiac output! 

 



 

 

FUNCTIONS 

OF THE 

KIDNEY??? 
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Normal Kidney Function 

The Kidneys, with their approx.  

                                1 million          

                                                      nephrons,  

       are responsible for 
         the filtration of blood and  
           the subsequent formation  
         of urine.  
 
In addition…….. 

 



Functions of the Kidney: 

 

 Fluid Balance 

 Electrolyte Balance 

 Acid Base Balance 

 Waste Excretion  

 Blood Pressure regulation 

 Erythropoiten synthesis 

 Vitamin D synthesis  
 



What functions does CRRT support? 

Fluid Balance 

Electrolyte Balance 

Acid Base Balance 

Waste Excretion  
 Blood Pressure regulation 

 Erythropoiten synthesis 

 Vitamin D synthesis  

 



Structure 

 



Blood flow through kidneys 



The Nephron 

 Functional unit of the kidney 

 About I million nephrons within 

each kidney 

 Each nephron contains  

 Renal Corpuscle (Glomerulus 

& Bowmans Capsule) where 

blood plasma is filtered 

 Renal Tubule which collects 

filtrate 

 



 



Each Nephron performs 3 Basic Functions: 

1. GLOMERULAR FILTRATION 

 

2. TUBULAR REABSORPTION 

 

3. TUBULAR SECRETION 



1. Glomerular Filtration  
 

                      blood flows through the afferent 

arteriole into the glomerular capsule.  

It is here that water and most solutes in plasma pass 

from blood across the wall of the glomerular 

capillaries into the glomerular capsule. Blood 

leaves the capsule via the efferent arteriole.  



Glomerular Filtration  
 

 Large Capillary tuft in glomerulus provides 
large surface area for filtration 

 

 Filtration membrane is thin & porous 
allowing passage of smaller solutes 

 

 Afferent arteriole has a larger lumen than 
the efferent arteriole. 

 Blood flow into the glomerulus is faster than 
flow out 

 Creates pooling – hydrostatic pressure.   

 Pushes fluid & solutes out to tubules - 
FILTRATION 

 



2. Tubular Reabsorption 
 
this system returns most of the filtered water and many of 

the filtered solutes back to the blood. In fact 

about 99% of the approximate 180 litres of filtrate is 

returned to the blood stream. Solutes that are 

reabsorbed, both actively and passively include: 

Urea 

Ca2 
HC03 



3. 

Tubular Secretion 
 

 as fluid moves along the tubule and through the 

collecting duct, waste products, (such as excess 

ions and drugs) are added into the fluid.  

 

 

 

(Tortora and Grabowski, 2000:914-915) 







 



Renin-Angiotensin-Aldosterone System 



 Anti Diuretic Hormone 

(Vasopressin) 

 

 Osmoreceptors detect 

increase in osmotic 

pressure i.e. water 

concentration decreases 

 ADH released 

 Stimulates water 

reabsorption 

 



BASIC PRINCIPLES 



Ultrafiltration 

 The movement of fluid across a 

semipermeable membrane with hydrostatic 

pressure. 



Plasma Water- Removal  

Plasma 

Water 

Ultrafiltration 



Convection 

 The movement of fluid across a semi-permeable 

membrane creating a solvent drag 

 



What are considered small-sized molecules? 
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CONVECTION 

 

   MOVEMENT OF FLUID 

ACROSS A SEMI-
PERMEABLE 
MEMBRANE CREATING 

SOLUTE DRAG 

  
     “ACTIVE TRANSPORT MECHANISM” 

 

         GOOD FOR SMALL AND MIDDLE  
SIZE MOLECULES 

 

 

 



Diffusion 

 The movement of solutes across a semi-

permeable membrane through a concentration 

gradient 



Diffusion 

 
 

 

 

“PASSIVE TRANSPORT 

MECHANISM” 

SIZED MOLECULES 

GOOD FOR SMALLER  
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In a nutshell… 

 Waste & Solutes 

removed by Diffusion & 

Convection 

 

 Water removed by 

Ultrafiltration 



CRRT Modes 



CVVH 

Continuos Veno-

Venous 

Haemofiltration 



CVVH 

  Blood is circulated through a highly permeable 

haemofilter via an extracorporeal circuit 

 

 Plasma water, small and middle sized solutes are pulled 

from the patients blood and into the waste/filtration 

bag by ultrafiltration and convection (solute drag) 

 

 Fluid is replaced into the patients blood at an equal or 

lower rate to achieve desired fluid loss 



Convection/Ultrafiltration 

 The movement of plasma water across a semi-

permeable membrane creates a solute drag. 

 

 As fluid is pulled across the membrane solutes 

dissolved in the fluid are taken with it.    

 

 Small and middle sized molecules are removed 





CVVHD 

Continuos Veno-

Venous 

HaemoDialysis 



CVVHD 

 Blood is circulated through a highly 

permeable haemofilter or dialyser via an 

extracorporeal circuit 

 

 Small solutes diffuse out of the patients 

blood and into the dialysate solution, or 

out of the dialysate solution and into the 

patients blood eg electrolytes 



Diffusion 

 The movement of solutes across a semi-

permeable membrane through a 

concentration gradient 

 

 Small sized molecules are removed 



Counter Current Principal 
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Continuous Veno-venous Haemodialysis 



CVVHDF 

Continuos  
Veno-Venous 
Haemo-
DiaFiltration 



CVVHDF 

 Blood is circulated through a highly permeable 
haemofilter via an extracorporeal circuit 

 

 Plasma water, small and middle sized molecules 
are removed from the patients blood by 
ultrafiltration and convection.   

 Small solutes diffuse from the patients blood into 
a dialysate solution 

 

 Some fluid is replaced into the patients blood to 
achieve desired fluid balance 



Diffusion and Convection 

 The movement of solutes across a semi-
permeable membrane through a concentration 
gradient 
 

 The movement of fluid across a semi-
permeable membrane creating solute drag 
 

 As fluid is pulled across the membrane solutes 
dissolved in the fluid are taken with it  
 

 Small and middle sized solutes are removed 



Continuous Veno-Venous Haemodiafiltration 



Summary 

 The kidney works hard to maintain 
homeostasis 

 CRRT can replace some but not all of these 
functions through removal of water & solutes 

 It takes time & practice to get the hang of 
renal replacement therapy concepts & 
delivery  

So… 




