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PERSPECTIVE


Renal Replacement therapy is a relatively recent development in medicine, with nephrology coming into its own in the 1950's.  Most of the original nephrologists are still alive and active in some way.





The search for an artificial kidney began much earlier, however.


Uremia has always been a terrible way to die as evidenced by descriptions as old as Hippocrates:





	The patient initially notes oliguria and hematuria.  This is 	followed by a falling appetite and eventually nausea and 	intractable vomiting.  There is a metallic taste to all food.  	Fetor hepaticus ensues and the patient becomes demented.  Dropsy 	heralds the beginning of the end, for soon follows coma, seizures 	and death.  At the end the patient excretes a characteristic skin 	frosting of uremic salts.





This typical course was made excruciating for the physician due to its protracted course over weeks and the physicians inability to intervene on the patient's behalf.





Roman hot baths used skin as a membrane to excrete water, urea and


salts.  There are continued reports of this therapy through 1950.





EARLY WORK


Thomas Graham, in 1854 wrote his historic paper "On the Osmotic


Force".  He used an ox bladder to separate solutes.





In approximately 1855, Collodion was used to study diffusion by Fick,


Richardson and others.





In the early 1900's the most commonly identified insult leading to acute renal failure was ingestion of toxins such as salicylates.  Chronic renal disease due to hypertension and diabetes was relatively unheard of as these conditions were untreatable until the early 1900's, so the patients with these disorders died of complications before renal disease manifested itself.  "Bright's disease" was the name given to all primary renal disorders after Dr. Richard Bright's description in 1827, and was the leading cause of chronic renal failure.





The first reported artificial kidney came from the work of John J.


Abel, Turner and Rountree in 1913.  These Johns Hopkins researchers


used celloidin suspended in long glass cylinders as the dialysis


membrane, saline for the dialysate, and hirudin (derived from the


head of leaches) as anticoagulant.  They showed significant clearance


of salicylates from experimental animals.  Unfortunately, hirudin


causes DIC in humans, and the glass tubing was very thrombogenic.





HEMODIALYSIS APPLIED TO HUMANS


The first human dialysis was reported in 1915 by George Haas from the


University Clinic at Giessen, Germany.  He used a single collodion


membrane in a 48 inch long glass tube as his dialyzer.  To achieve


adequate clearance, he required multiple dialyzers in series, which


lead to his development of the blood pump.





In 1923, Necheles in Germany conceived the idea of the prototype of


future plate kidneys in which the dialyzing membrane is compressed


between mats.  The membrane which he used was the peritoneum of the


dog.  Necheles added much to the knowledge of the dialysis process:


     1. increasing surface area of the dialysis membrane results in


		increased solute passage;


     2. thinner blood columns allows more solute to be in contact


		with the membrane;


     3. a circulating dialysate bath results in more constant solute


		transfer. Necheles can thus be credited with developing the 		counter current pattern of dialysate flow.





In 1937 Wilhelm Thalheimer introduced cellophane (from sausage


packing) as a dialyzing membrane and demonstrated its superiority


over previously available surfaces.  He also introduced Heparin as an


anticoagulant.





SUCCESS!


Poor anticoagulation and poor dialyzing membranes were major problems


and, up to 1940, a reliable artificial kidney had not been developed.





Then, in 1940 during World War II, Dr. Willem (Pim) Kolff developed


from all previous materials the first efficient dialyzer for human


use: the rotating drum dialyzer.  In this kidney, blood passes from a


cannulated artery driven by the patients arterial pressure to a


cellophane tube spiral�wrapped around a drum.  As the drum rotated


the blood was forced along the membrane by gravity, and the column of


blood was immersed in a tank of dialysate. A pump returned the blood


to a vein after it passed through an air trap and clot filter.  





Kolff's first dialyzer used a surface area of 2.4 sq. meters and 100


L of dialysate.  He used a commercial sausage skin as his cellophane


tubing.  He filled  small piece of cellophane with 25 cc's of blood


and attached this apparatus to a board and placed it in a tube of


saline.  He added urea to thee blood and showed that all urea passed


from the blood to the bath.  The first patient was treated with the


artificial kidney March 17, 1943.  The patient, a 29 year old female,


received a 12 hour dialysis.  At first by means of venipuncture, 50


cc's of blood was removed, dialyzed, and returned to the patient. 


There was a waiting period to see whether the patient developed any


side effects, and when none were observed, the same process was


repeated until 500 cc's of blood was dialyzed.  Dialysis was


intermittent and then continuous when no problems developed. The


fifteenth patient survived:  her name was Sophia Schafstadt, and she


had developed acute renal failure due to salicylate intoxication.





Paralleling Kolff was Nils Alwall, who produced the vertical drum


kidney.  The membrane was sandwiched inside a core of metal mesh and


was the forerunner of the "twin coil" kidney.  This version could


have transmembrane pressure applied so ultrafiltration could be


achieved, unlike the Kolff kidney. The concept of ultrafiltration was


incorporated into dialysis by Malinow and Korzan in 1947. It was


demonstrated that urea, creatinine, uric acid, and phosphates were


removed by dialysis, and that glucose added to the bath removed edema


from patients.





In the late 1940's an efficient kidney was designed in which sheets


of cellophane separate the blood from the dialysate that flows


through the grooves of rubber plates.  The Kiil model produced in


1960 was a direct extension of this kind of dialyzer.





In reviewing the history of dialysis to this point, we see that many


problems still existed although a clinically useful dialyzer had been


produced.  Such problems included clotting, hemolysis,


exsanguination, hypotension, and fluid and electrolyte imbalances. 


After some of the problems were resolved, hemodialysis became an


acceptible treatment for acute renal failure.  However, chronic


dialysis was very slow to gather momentum.  The procedure was


considered profoundly complex, the results too variable, and there


was no conclusive evidence that dialysis would lower the mortality


rates.





The 1950's saw increasing interest and research, along with shipments


of the Kolff�designed Peter Brent Brigham kidney worldwide. Some of


these were still in use through the 1970's.





THE NEMESIS OF DIALYSIS


Early attempts to prolong life in chronic renal failure were


discouraging due to loss of access to the circulation.  Researchers


were motivated by the thought that sufficient renal


function would return within the time period that the patient could


be sustained with this procedure, usually no more than 30 days.


The reason for this limit was the need to perform surgical cut down to the artery each time a dialysis treatment was performed.





The opening act of the ability to sustain a patient with chronic irreversible renal failure came on March 9, 1960.  Drs Quinton and Scribner developed and implanted a vascular shunt which employed a new material called Teflon.  The tubing was externalized and allowed frequent re-connections to occur from the same arterial site.





At about the same time, a fourth year medical student named James Cimino worked with a vascular surgeon named Brescia to develop the surgical technique for a native A-V fistula which employed the radial artery and a branch of the cephalic vein.











Bovine vascular material treated in glutaraldehyde and Gortex lined with PTFE (teflon) are now employed for synthetic implantable fistulae. 





FURTHER DEVELOPMENTS





Stewart in 1967 developed the hollow fiber, capillary tube dialyzer which increased dialyzer surface area for improved clearance.


The Recirculating Single Pass (RSP) machine was researched by Holmes at the University of Colorado.  This machine used 100L of dialysate per treatment which had to be mixed beforehand in a tank.


The first description of dialysis induced disease secondary to impurities in the water was reported by Freeman in 1966. The classic dialysis induced disease of Aluminum toxicity was reported by Alfrey in 1972.  This was significant because for the first time a group of patients survived long enough on dialysis to develop chronic complications.





POLITICAL MILESTONES


Federal support for hemodialysis treatments as well as research and development of dialyzers was approved in 1972 with the passage of the Medicare Act.


In 1974, the National Cooperative Dialysis Study (NCDS) attempted to evaluate how mortality is affected by dialysis.  Shortly thereafter Gotch and Sargent reviewed the NCDS data and developed the construct we know as KT/V to define adequate dialysis.




















RECENT IMPROVEMENTS


Re-use


CAVHD


Peritoneal Dialysis


High Flux and High Efficiency Dialysis


Machine improvements in ultrafiltration and electronics.


























