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Introduction: Willem J Kolff  “ Doctor, Inventor and Engineer” Born in the Netherlands on 14th February, 1911, Willem J Kolff invented the 

first practical artificial kidney, which over many years was refined and perfected leading to the hemodialysis machines that are now in regular use 

worldwide. He began his research in dialysis at Gottingen after watching a young man die from kidney failure, and later he became interested in blood 
transfusion as well. Kolff's initial work on dialysis was almost a junk-yard challenge, building his machines from salvaged car and washing machine parts, 
orange juice cans and sausage skins. This was mainly due to World War II started at about the same time as his main research work and thus forced 
him to improvise to a great extent under the occupying forces. Although his machine was rather crude, he treated 16 patients with acute kidney failure, 
but had little success until 1945 when one of his female patients recovered from a uremic coma and went on to live another seven years. This woman 
was a known Nazi collaborator, but as a true doctor, he treated her as just another patient he had to save. He was also involved in helping the war-time 

Resistance, providing medical alibis that meant certain people were considered too ill to be worth arresting. In an act of incredible generosity, Kolff never 
patented his invention, 

Design History: The Kolff kidney used a meter long tube of cellophane sausage casing as a membrane. 
The tube of casing was wrapped around a slatted wooden drum. Run by an electric motor, the drum spun in 
a tank filled with dialysate  To start a treatment, blood was drained from the patient into a sterile jug. Blood 
thinning drugs were added. The filled jug was hung on a post above the artificial kidney linked to the casing 
that was wound around the wooden drum. When the motor turned the drum, blood was pulled through by 
gravity to "prime” the casing (fill it with blood). Wastes from the blood diffused through the tubing into the 
dialysate in the tank. Willem Kolff, MD, PhD, improved and perfected his first kidney dialysis machine. 
The cleansed blood went into a second sterile jug at the other end of the machine. A Haemodialysis (HD) 
treatment took about 6 hours. When all of the blood had passed through the machine, the second jug was 

     raised up to drain the cleaned blood back into the Patient. This photo shows the first four of the five artificial     
     kidney dialysis machines built by Dr. Kolff in the Netherlands Cleveland Clinic USA had one of the nation's   
     first  hospital-based dialysis units in the 1950s. Patients came from all across the country to take advantage   
     of this then-rare treatment. 

 First Dialyser Artificial Kidney 

1940’s  

Developments over the years:.  

 Kolff-Brigham Dialysis Machine: 

1948 

Skaggs Leonards Plate Dialyser:  

1948 

Guarino and Guarino Artificial Kidney: 

1952 

Kiil Dialyser: 1960 

These Kiil boards were built in Norway under  
the direction of Fred Kiil, MD. 
Three or more boards were used with two 
Sheets of membrane sandwiched between 
each pair of boards. 

Guarino and Guarino artificial kidney was 
made to reduce the amount of blood outside 
of the body and the need for a pump. The 
dialysate went inside the tubing, while blood 
cascaded down the membrane from the top 
of the device. Metal tubing inside the 
membrane gave it support. 
The artificial kidney did have a very low blood 
volume. However, it had limited use because 
there were concerns that dialysate might leak 
into the blood. 

Skaggs Leonards device had stacks of 
"sandwiches", each with two sheets of 
membrane between two rubber pads. This 
design reduced the blood volume that had 
to be in the dialyzer. It also ensured a 
uniform distribution of blood across the 
membrane for more efficiency. The device 
took a great deal of time to build, and 
often leaked. Wax was used to stop leaks 
and was able to remove water from the 
blood by creating a siphon on the effluent 
of the dialysate. This seems to be the first 
use of negative pressure in dialysis. 
 

Kolff-Brigham In 1950 the cost was 
$5,600. A sausage casing (cellulose) 
membrane was still wrapped around a 
drum. This time, it was connected to latex 
tubing that could be attached to the 
patient's bloodstream. As with the first 
model, the drum rotated in a vat of 
dialysate fluid. The patient's blood was 
pushed through the device by the 
"Archimedes screw principle" and a 
pulsatile pump. A split coupling was built to 
connect the tubing to the membrane and 
keep the tubing and membrane from 
twisting. This coupling is at the inlet and 
outlet of the drum 

Capillary Artificial Kidneys  

(Hollow Fiber Dialysers): 1964–1967 

•The "Capillary 
Artificial Kidney" 
(or hollow fiber 
dialyser) has 
become the 
standard for HD 
today. 

To Day’s Dialysers 

Depending upon the manufacturer, the fibers are made from 
such biocompatible materials as cellulose acetate or 
polysulfone. The wall of each hollow fiber is a semi-permeable 
membrane. The pores in this membrane are permeable for  
water and small molecules, while blood cells and larger 
molecules, such as proteins, are unable to pass the membrane. 
Uremic Substances pass from the blood to the dialysis solution 
according to the principle of diffusion and through convection in 
ultrafiltration. 
 

Biocompatibility: “quality of being mutually tolerant with 

life” Biocompatibility the absence of thrombogenic, toxic, 

allergic Inflammatory or immunological reactions. 

• No carcinogenic effect. 

• No destruction to formed elements e.g blood cells. 

• No deterioration of adjacent tissue.  
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